
 

Decision support for admission planning under multiple
resource constraints
Citation for published version (APA):
Groot, P. M. A. (1993). Decision support for admission planning under multiple resource constraints. [Phd Thesis
1 (Research TU/e / Graduation TU/e), Industrial Engineering and Innovation Sciences]. Technische Universiteit
Eindhoven. https://doi.org/10.6100/IR402508

DOI:
10.6100/IR402508

Document status and date:
Published: 01/01/1993

Document Version:
Publisher’s PDF, also known as Version of Record (includes final page, issue and volume numbers)

Please check the document version of this publication:

• A submitted manuscript is the version of the article upon submission and before peer-review. There can be
important differences between the submitted version and the official published version of record. People
interested in the research are advised to contact the author for the final version of the publication, or visit the
DOI to the publisher's website.
• The final author version and the galley proof are versions of the publication after peer review.
• The final published version features the final layout of the paper including the volume, issue and page
numbers.
Link to publication

General rights
Copyright and moral rights for the publications made accessible in the public portal are retained by the authors and/or other copyright owners
and it is a condition of accessing publications that users recognise and abide by the legal requirements associated with these rights.

            • Users may download and print one copy of any publication from the public portal for the purpose of private study or research.
            • You may not further distribute the material or use it for any profit-making activity or commercial gain
            • You may freely distribute the URL identifying the publication in the public portal.

If the publication is distributed under the terms of Article 25fa of the Dutch Copyright Act, indicated by the “Taverne” license above, please
follow below link for the End User Agreement:
www.tue.nl/taverne

Take down policy
If you believe that this document breaches copyright please contact us at:
openaccess@tue.nl
providing details and we will investigate your claim.

Download date: 16. Nov. 2023

https://doi.org/10.6100/IR402508
https://doi.org/10.6100/IR402508
https://research.tue.nl/en/publications/a7de1d82-b038-4989-be1a-5eb10d1cb81c




Decision Support 
for 

Admission Planning 
under 

Multiple Resource Constraints 

PROEFSCHRIFT 

ter verkrijging van de graad van doctor aan de 

Technische Universiteit Eindhoven, op gezag van de 

Rector Magnificus, prof. dr. J.H. van Lint, voor een 

commissie aangewezen door het College van Dekanen 

in het openbaar te verdedigen op 

dinsdag 21 september 1993 om 16.00 uur 

door 

Petra Maria Alida Groot 

Geboren te Heerlen 



Dit proefschrift is goedgekeurd door de promotoren 

prof.dr.ir. J.W.M. Bertrand 

en 

prof.dr. T.M.A. Bemelmans 

CJP-gegevens Koninklijke Bibliotheek, Den Haag 

Groot, Petra Maria Alida 

Decision support for admission planning under multiple 

resource constraints I Petra Maria Alida Groot

Eindhoven: Eindhoven University of Technology. -Ill. 

Thesis Eindhoven. - With ref. 

ISBN 90-386-0321-5 

NUGI 689 

Subject headings: hospita! planning I decision support I 
admission planning. 

Druk: Febo, Enschede 

1993, P.M.A. Groot, Eindhoven 



Contents 

1 Introduetion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 

1.1 Motivation for this study . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 

1.2 Scope . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5 

1.3 Research objectives . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8 

1.4 Methods used . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9 

1.5 Structure of this book . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11 

2 Patient Flow Control in Hospitals . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 13 

2.1 Production control . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 13 

2.2 Framework for production control in hospitals . . . . . . . . . . . . . . . . . . . . . 15 

2.3 Degrees of freedom . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 21 

3 ModeHing . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 23 

3.1 Goals and objectives . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 23 

3.2 The primary process . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 26 

3.3 Control . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 29 

3.4 Policy and infom1ation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 32 

4 Decision Support for Actmission Planning . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 37 

4.1 Decision support system . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 37 

4.2 Design of the cases . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 42 

5 Orthopedies 1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 47 

5.1 Description of the situation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 47 

5.2 Predictions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 50 

5.3 Implementation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 57 

5.4 Perfonnance measurement . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 59 

5.5 Evaluation of the system design . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 66 

5.6 Conclusions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 67 

6 Orthopedies 2 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 69 

6.1 Description of the situation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 69 

6.2 Predictions ............................................. 74 

6.3 Implementation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 77 

6.4 Evaluation of the system design . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 78 



Contents 

6.5 Conclusions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 78 

7 Gynecology . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 79 

7.1 Description of the situation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 79 

7.2 Predictions ............................................. 82 

7.3 Implementation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 85 

7.4 Performance measurement . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 86 

7.5 Evaluation of the system design . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 87 

7.6 Conclusions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 89 

8 Comparison of the Cases . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 91 

8.1 Performance of the prediction models ........................... 91 

8.2 Implementation of the decision support system . . . . . . . . . . . . . . . . . . . . 93 

8.3 Changes in the performance . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 93 

8.4 Evaluation of the design of the system . . . . . . . . . . . . . . . . . . . . . . . . . . 94 

8.5 Conclusions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 95 

9 Admission Policies . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 97 

9.1 Design of the simulation study ................................ 98 

9.2 Admission policies . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 105 

9.3 Results . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 115 

9.4 Discussion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 124 

10 Conclusions and Recommendations . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 127 

10.1 Model of the primary process . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 127 

10.2 Decision support system . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 127 

10.3 Admission policy . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 129 

References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 132 

Appendix A 135 

Appendix B 143 

Appendix C 148 

Appendix D 151 



S mnmary . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 177 

Samenvatting (Summary in Dutch) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 179 

Curriculum Vitae . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 181 



Chapter 1 

Introduetion 

In this first chapter the subject of our research is introduced, i.e., impravement of the patient 

flow control in general hospitals by means of actmission planning in situations with multiple 

resource constraints. Actmission planning is defined within this context as being the activity 

in which patients are selected from a waiting list to be admitted into a hospita! in a given 

period of time in such a way that a predefined set of goals is achieved and uncertainties such 

as the possibility of emergency patients to arrive are taken into account. Admitting, on the 

other hand, is the activity in which patients are selected from a waiting list to be admitted to 

the hospita! during a given period of time without concern for the achievement of a 

predefined set of goals. 

This chapter has been divided into five sections. First, the motivation for the choice of this 

subject is explained. Then, the scope of our study is defined. This is based upon an overview 

of the different types of patient flows in a hospita! and upon a description of the differences 

between surgical and internal specialisms. Next, the research objectives are presented, 

foliowed by an explanation of the methods used to study these objectives. Finally, an 

explanation is given of how this book has been structured. 

Ll Motivation for this study 

The working environment in which hospitals operate has changed tremendously during the 

Jast couple of decades. In the Netherlands the introduetion of budget financing has brought 

an end to open-ended financing. The total hospita! expenditures have been restricted in this 

way. This change has led to a scarcity of resources, in combination with a reduction in the 

number of available beds, a growth in the number of elderly people and a decrease in 

available nursing personnel. 1l1is scarcity has encouraged hospita! management to use their 

resources more efficiently and more effectively. Similar pressures are also feit in hospitals in 

other countries. The need fora more efficient and effective use of resources is not always the 

result of just a scarcity of resources, however, but is in some cases also due to a growing 

competition between hospitals. This competition forces hospita! management to offer their 

services at the lowest possible price. Competitive pressures therefore instill the need for cost 

reductions which can be achieved when hospitals use their resources more efficiently and 

more effectively. 
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Chapter 1 

The growing competition between hospitals bas not only led to a need for low prices, but also 

to a need to improve the quality of the parient service. This need for quality improvement bas 

occurred in the Netherlands also as the result of increased pressure from organizations 

representing patient interests. These organizations are pressuring hospitals to reduce the 

patient waiting times, to provide more information about scheduled admission dates, and to 

provide the patients with an earlier notification of their actmission dates. 

These changes in the hospital's working environment have forced hospita! management to 

react. Hospital management bas been forced to adjust their goals and to adapt their 

organization to the new environment. The main objectives for parient flow control and thus 

admission planning are, thus, to achieve a high utilization of all resources and a better parient 

service. To achieve these objectives, however, hospita] management must change the way in 

which they control the patient flows. For example, instead of admitting a patient when a bed 

is available without worrying about the availability of operating capacity, a patient should 

only be admitted if both bed capacity and operaring capacity are available. To ensure that all 

resources are used efficiently and effectively: 

a) all of these resources have to be taken into account in some way in mak.ing an actmission 

decision, and 

b) there must be insight into the capacity needs of an individual patient for the individual 

processing steps. 

Interviews with staff members of eight Dutch hospitals [Groot, 1989] revealed that hospital 

management has not yet been able to realize the new goals at the admission planning level 

of their organization. Regarding the efficient and effective use of resources, these interviews 

showed that most of the actmission planners have problems with reserving capacity for 

emergency patients and rnanaging the occupancy of beds, allocation of nursing personnet and 

use of the operating theater. The problems with reserving capacity for emergency patients are 

caused by the fact that: 

a) information about the average number of emergency patients per day of the week is not 

available, 

b) it is not known how much capacity has to be reserved for emergency patients to achieve 

a given service rate, and 

c) reserved capacity is used for other patients because many specialists aim at a bed 

occupancy of 100%. 

The problems with the occupancy of beds, nursing personnel and operaring theater stem from 

the fact that not enough information is available about the amount of capacity needed for an 

individual patient and/or that the way in which admission decisions are taken does not 

correspond with the situation. The underlying cause of the latter fact can be either a lack of 
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Introduetion 

insight into the way actmission decisions have to be made or ctue to the ctomination of one of 

the parties involved in the actmission planning process. 

The actmission planning process is a process in which nursing personnel, operating personnel, 

patients and specialists are involved. Each of these parties has its own goals; these goals often 

do not correspond with each other. When one of the parties is dominant in the actmission 

planning process, the achievement of the goals of the dominating party gets a higher priority 

than the achievement of the goals of the other parties. This may lead to actmission decisions 

which are not optima! for the hospita! as a whole. 

Regarding the patient service, the interviews conctucted by Groot [1989] showed that the eight 

hospitals had problems with scheduling admissions and providing a notification of actmission 

at least a couple of days before the actual actmission date. In actdition they all encountered 

difficulties with cantrolling the throughput of patients basedupontheir urgency. The problems 

with the notification of actmission a couple of days before the actual actmission date usually 

are caused by the fact that there is no insight into the availability of resources in the future. 

The problems with the control of the patient throughput according to their urgency occur 

because the urgency factor is not explicitly defined. This results in urgency being defined and 

used inappropriately. Summarizing, it can be said that some of the main causes of the 

problems of controlling the patient flows by means of actmission planning are due to a lack 

of knowledge and information about: 

l) the capacity needs of an individual patient for the individual processing steps, 

2) the availability of resources in the future, and 

3) the type of policies that have to be used in a given situation to achieve the objectives 

mentioned above. 

In a previous study, Kusters [1988] has presented a set of models with which: 

1) the capacity needs for an individual patient can be estimated, and 

2) the available bed capacity, nursing capacity and operating capacity can be predicted. 

His predietien model for the availability of bed capacity in the future is an extended version 

of the model described by Rubenstein [1977]. Starting with the available number of beds on 

day t (the decision moment), the model prediets the available beds on day t+y (the actmission 

moment) by predicting the changes that wil! take place in the time between these two 

moments. Accorcting to Kusters these changes are: 

a) the number of waiting list admissions on the days t+l, ... ,t+y-1; 

b) the number of emergency admissions on the days t+ 1 , ... ,t+y; 

c) the number of discharges on the days t+l, ... ,t+y. 
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This latter term is composed of the following factors: 

1) the number of discharges out of the patients present on day t; 

2) the number of discharges out of the emergency patients admitted on day t+ 1, ... t+y; 

3) the number of discharges out of the waiting list patients admitted on day t+ 1 , ... t+y-1. 

His predierion model for the availability of nursing capacity in the future is based upon a 

workload measurement system called the factor evaluation method (de Vries [1984]). This 

model is also based upon predicting the changes that will take place between the decision 

moment and the admission moment. 

Kusters's predierion model for the availability of operaring capacity is based upon predicting 

the amount of operaring capacity required for already scheduled patients. Kusters states that 

the required amount of capacity for already scheduled patients within one operating session 

can be predicted based upon the sum of the expected average operation times for each 

operarion. 

Each of the above mentioned prediction roodels has been tested to determine the reliability 

of the predictions using historica! data from two hospitals. The results of these tests 

demonstrated that the predictions are fairly accurate and reliable enough to use as a basis for 

admission planning. Although these roodels appear to be appropriate for supporting admission 

planners, they have not been used in practice as yet. 

Several studies can be found in the literature about the formulation of admission policies. 

These policies can be classified into two groups according to the way in which the actual 

situation is taken into account. 

The first group of studies concerns hospitals which follow an admission policy in which the 

actual situarion is not taken into account. Admission decisions in this group are based upon 

the historica! numbers of admissions and discharges. The studies carried out by Elmore and 

Zimmerman [?] and Amladi, Bliven and Butler [1985] are examples of this approach. This 

type of approach is not effective in situations in which the objective of imptementing an 

admission policy is to control the occupancy of the resources in the hospita!. In addition, both 

of these studies take only bed capacity into account, so they cannot be used in situations in 

which other scarce resources need to be included. 

The second group of studies takes the actual situation into account in one way or another. 

Included in this group are studies which have been carried out by Hancock and Walter [1983], 

Rubenstein [1977] and Barriek [1985]. All three of these studies take the actual situation into 

account. In this way, they all deal with admission policies which are suitable for controlling 

the occupancy of resources in a hospita!. Nevertheless, the policies evaluated in these studies 

take only bed capacity into account and, therefore, are not suitable for use in situations in 

which other resources are scarce. A study carried out by Kusters [1988] also presents an 
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actmission policy. Although this policy takes more than one resource into account, the 

consequences of working with such a policy are not investigated. 

Although several actmission polides are described in the literature, it can be concluded that 

only one of these policies is suitable for use in a situation in which resources other than just 

the bed capacity are scarce. The consequences of working with this policy are unknown, 

however. 

To summarize, the working environment within which hospitals operate has changed during 

the last couple of decades. These changes have forced hospital management to use their 

resources more efficiently and effectively and to provide better patient service. Interviews in 

hospitals have revealed that hospita! management has not been able to adapt their admission 

polkies to new situations because they often Jack insight into the future resource availability 

and/or have an actmission policy which is not suitable for use in situations in which resources 

are scarce. 

The study carried out by Kusters offers us a method for gaining insights into the future 

availability of bed capacity, nursing capacity and operating capacity. Therefore, the approach 

chosen for the present study is to develop and test a decision support system for actmission 

planning in which the results of Kusters's study are used in actdition to results from own 

research to provide actmission planners with information about the future resource availability. 

Only one actmission policy could be found in the literature which is suitable for use in a 

situation in which resources other than just bed capacity are scarce. The consequences of 

working with this actmission policy were not investigated, however. Therefore, in actdition to 

the development of a decision support system for actmission planning, we have also 

investigated which requirements an actmission policy must meet in order to be suitable for use 

in a situation in which both bed capacity and operating capacity are scarce and have 

formulated and tested an actmission policy which meets these requirements. 

1.2 Scope 

The scope of our study is defined and deliniated in this section. First, the different types of 

patient flowsin a hospita] are described. Subsequently, the differences between surgical and 

internal specialisms are descri bed. Finally, the scope of the present study is defined in terms 

of types of patient flow and specialism to be covered. 
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Chapter l 

1.2.1 Patient flows in a hospital 

There are several ways to classify the patient flows in a hospital. The classiCication scheme 

which is most relevant for our study is presented in this section. 

An initial classification of patient flows can be made based upon the part of the hospita! 

visited by the patients. This classification results in an outpatient flow 1 (visiting only the 
outpatient clinics) and an inpatient flow (visiting only the hospital). This study only involves 

inpatient flows. It is not necessary to take the outpatient flow into account in the admission 

planning function, although it is possible that a parient in the outparient flow becomes a 

parient in the inpatient flow. This can beseen in the form of a waiting list which is essentially 

a buffer between these two parts of a hospital. 

Figure 1.1 represents the inpatient flows at an aggregate level. Three patient flows are 

represented in this figure. The incoming stream is represented by two flows. A distinction 

between these two flows has been made because these flows are treated differently. The first 

flow within the incoming stream consists of elective patients. These are patients who may be 
put on a waiting list since their admission dates can be postponed. The second flow consists 

of emergency patients. These are patients whomust be admitted into the hospital immediately. 

It is not possible to chance the admission dates for these parients. The output of the hospita! 

consists of patients who are discharged. 

HOSPIT AL 
... 

emergency pallanis 

Figure l.l: The inpatiem tlows at an aggregate level 

When the patient flows are studied in more detail, it becomes clear that there is more than 

one flow of elective patients since each specialism in the hospita! has its own flow of elective 

patients. The same applies for the flow of emergency patients. A distinction between these 

flows can be based upon the diagnosed ailment of the patient. Every specialism treats its own 
set of diagnosed ailments. This model is represented in Figure 1.2. 
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hos pi tal ... " ........ ~ ............. . . . 

orthopedies 

discharged patierlts 

- -;;:::!-~: ~ ~ neurology 

"• ...... ~ ... " ............ ~ .. · 
---+ emergency patients 
_ -• elective palierlts 

Figure 1.2: Patient tlows per specialism 

Our study is focused primarily on planning and cantrolling the patient flows for a single 

=::==:.:..:..:.· Factors influencing the choice of this approach have been: 

1) the fact that the use of admission planning for patient flow control for one specialism is, 

in most hospitals, relatively independent from the use of actmission planning for patient 

flow control for other specialisms. Although all specialisms share resources (e.g. bed 

capacity and operating capacity), parts of these resources are often allocated to a specific 

specialism as described in Chapter 2 of this book. Thus, our choice of approach implies 

a simplification of the control problem rather than emphasizing a need for flexibility. 

2) the fact that centrolling the patient flow for one (surgical) specialism is basically the same 

as cantrolling the patient flow for multiple (surgical) specialisms, but the situation is easier 

to analyze when the problem is restricted to a single specialism. 

1.2.2 Intemal versus surgical specialîsm 

In a hospita! two different types of specialisms can be distinguished, namely, the so-called 

internal specialisms and the so-called surgical specialisms. Surgical specialisms are concemed 

with operating on patients. For patients being admitted by these specialisms, the specialist 

generally knows exactly what the patient's problem is and which operation needs to be 

perfonned. This results in a fairly predictabie throughput and use of capacity forthese patients 

in the hospita) (see Kusters [1988]). The internal specialism can be found at the opposite end 
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Chapter 1 

of the predictability scale. This specialism usually admits a patient into the hospita! in order 

to determine what is the matter with him. This leads to a set of examinations. The outcome 

of the flrst examination provides the basis for choosing a new examination. Therefore, it is 
much more difficult to predict the throughput for these patients in the hospital. It is difficult 

to predict how much capacity these patients will use in the hospital. 

Since some knowledge of the required amount of resources is necessary to be able to improve 

the control of patient flows by means of admission planning, a surgical specialism has been 

chosen as the basis. First, an insight must be gained into the patient throughput in the hospital 

and the capacity needed by these patients in the hospita! in order to improve the control of 

the patient flows for internal specialisms. 

The scope of oor research will thus be restricted to investigating only the inpatient flows for 

a single surgical specialism. 

1.3 Research objectives 

The decision to restriet our study to improving the control of the patient flows by means of 

admission planning for a single surgical specialism has been explained in the previous section. 
It was also stated in a previous section that some of the admission planning probieros 

typically encountered by hospitals are due to: 

1) a lack of insight into the future resource availability, and 

2) following admission policies which are not suitable for situations in which more than one 

resource is constrained. 

Regarding the flrst problem, it was concluded that the study carried out by Kusters [1988] 

could theoretically provide a partial solution to this problem, but that his approach had not 

yet been implemented in pmctice. With regard to the second problem, we stated that the 

literature did not provide us with any examples of admission policies which would be 

appropriate for use in the type of situation studied in this research. 

Based upon the aforementioned findings, we have decided to focus oor research primarily on 

the formulation, construction and testing of a decision support system for actmission planning. 

This decision support system must be constructed in such a way that it is able to provide an 
actmission planner with all of the information required to make admission decisions such that 
the admission planning goals can be achieved. As such, the decision support system must, 

among other things, provide better insight into the future resource availability. To achieve 
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this, the predierion models originally developed by Kusters [1988] are usect. 

A Jack of informarion is generally not the only problem which prevents the achievement of 

the new actmission planning goals. As stated earlier, a failure to achieve actmission planning 

goals can also be attributed to the use of actmission policies which are not suitable for 

situations in which both bed capacity and operating theater capacity are scarce. Therefore, in 

actdition to the construction of a decision support system, we have investigated here which 

requirements have to be met by an actmission policy which is suitable for use in the 

aforementioned situations. As part of our analysis, new actmission polkies are formulated and 

comparect to the policies currently used by most hospitals. 

1.4 Methods used 

Our study can be divided into two parts. The main part of our research consists of the 

development and testing of a ctecision support system for actmission planning. The intencted 

use of this decision support system is to support an actmission planner in making actmission 

decisions by providing him with information about the future resource availability. 

The initia) development of the ctecision support system has been based upon an analysis of 

the primary process anct the results of Kusters's srudy. The analysis of the primary process 

has provided us with insights into the actmission planning goals, the ways in which these 

goals can be achieved anct the infonnation which is required for that purpose. Subsequently, 

the ctecision support system was modified in some areas. These modifications were based 

u pon the reactions of project sponsors and users in the hospitals in which the decision support 

system was first introduced and used. 

The decision support system was tested in the surgery departments of three different hospitals. 

We chose to experiment with additional cases in order to be able to make comparisons 

between the cases anct to gain insights into the situarions in which the implementation of the 

decision support system can best contribute to improving the actmission planning function. 

The cases were selected on the basis of the following criteria: 

- availability of the infonnarion required for the predierion models developed by Kusters; 

cooperation of the parties involved in the actmission planning process; 

choice of the department in which the system would be implemented. 

Our objective was to select a number of cases for which all of the information requirect for 

the prediction models was available, the cooperation of the parties involved in the admission 
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planning process was secured and the department in which the system was to be implemented 

was different from the other cases but was still present in almost every general hospita!. 

A combined case study approach bas been chosen as the basis for studying the 

implementation of the decision support system. Each case study is used not only to test the 

results of Kusters's predierion roodels using a longitudinal design, but also to explore: 

a) whether the system can improve the performance of the admission planning; 

b) in what way admission planners use the system; 

c) whether admission decisions are made enrirely on the basis of the information provided by 

the system. 

The research strategy used bere is similar toa case study strategy as defined by Yin [1989]. 

In his hook a case study is defined as being an empirica! inquiry: 

- that invesrigates a contemporary phenomenon within its real-life context; 

- when the boundaries between the phenomenon and its context are not clearly evident; and 

- whereby multiple sourees of evidence are used. 

The contemporary phenomenon invesrigated in the cases is the implementation of a decision 

support system in the surgery division of a hospita!. The boundaries between the phenomenon 

and its context are not always clearly evident in the cases because changes in patient flows 

and procedures also effect the performance of the actmission planning function. 

The other part of our research consists of the design and testing of actmission policies which: 

- are suitable for situations in which both bed capacity and operaring theater capacity are 

constrained; 

- result in a high occupancy of the aforementioned resources; 

- improve the patient service. 

The design of admission polides which are suitable for the previously described situations 

is based upon an analysis of the primary process and the results of simulating the admission 

polides currently used in most hospitals. An analysis of the primary process provided us with 

insights into the possible ways to control the process and, more generally, into the 

requirements which need to be satisfied by a new admission policy. Simulations of the 

currently used actmission policies allowed us to identify the shortcomings with respect to the 

details of these polides and, therefore, provided us with ideas for improving these policies. 

The actmission policies were tested based upon a simulation study. In this study, both the 

newly designed and currently used admission policies were simulated in a number of different 

situations. The situations differed with respect to: 
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the ratio between length of stay and eperating time for each patient category; 

- the length of the waiting list; 

- the number of available beds. 

On the basis of the simulation results, the newly designed actmission policies were adjusted 

where necessary and conclusions were formulated about the best actmission policy for each 

given situation. 

1.5 Structure of this book 

This book consists of ten chapters. In this first chapter a general overview of the study is 

presented. The subject of our research is described, the scope of our research is defined and 

the specific problems are ictentified which this research actdresses. In Chapter 2 the subject 

of patient flow control by means of actmission planning is placect within the total framework 

of patient flow control in hospitals. This chapter should be of specific interest to a reader who 

is not familiar with the way in which Dutch hospitals operate. Chapter 3 focuses on the 

subject patient flow control by means of actmission planning. First, an overview is presentect 

of the goals of actmission planning as described in the literature and used in practice. 

Subsequently, the primary process is analyzed. Based upon this analysis, the control 

possibilities anct the infonnation required for control purposes are described. This chapter 

forms a starring point for both the development of the ctecision support system and the 

formulation of new actmission policies. Chapter 4 describes in detail the decision support 

model which has been cteveloped anct the method used to implement this model. Three 

separate case studies are presented in detail in chapters 5, 6 and 7. In each of these chapters, 

attention is paid to the situation in the respective hospitals, the perfonnance indicators for 

admission planning set by the parties involvect in the actmission process, the actual 

implementation of the decision support model with an evaluation of the predictions made by 

the model, the performance before and after the introduetion of the model and an evaluation 

of the usability of the constructed model. Chapter 8 compares the results of the case studies 

and provides an explanation of why differences are apparent. Chapter 9 describes the 

development of a set of actmission policies, the design of a simulation study in which these 

actmission policies are tested and the results of this simulation study. Finally, in Chapter 10, 

the main conclusions of this research are summarized and recommendations for further 

research are made. 
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Chapter 2 

Patient Flow Control in Hospitals 

In Chapter 1 it was stated that hospitals are interested in ways to improve the effectiveness 

and efficiency of their operations. This fact is also supported by the extensive amount of 

literature on this subject, as is shown in a review artiele of Smith-Daniels c.s. [1988]. 

However, study of this literature teaches us that most of the research in this area is limited 

to only a small part of the parient flow control and Jacks a description of the position of the 

research within a larger framework. Until recently, such a framework specifically designed 

for hospitals has not been available. Two suitable frameworks are now available which have 

been designed based on production control principles and insights into the way hospitals 

currently operate ([Groot, Kremer and Vissers, 1993] and [Kusters, 1991]). This chapter 

summarizes the framework developed by Groot, Kremer and Vissers. This framework does 

not describe the optima! way in which hospita! activities can be controlled, but instead 

describes a logica) way in which hospita! activities can be coordinated given the way in which 

hospitals are currently organized. In this chapter this framework is used to position our 

research in a larger context and to determine the degrees of freedom available at the 

operational level of the patient flow control in hospitals. 

First, it is made plausible that production control principles can be applied to health service 

organizations. In the same section the principle of decomposition, used to construct the 

framework, is presented. Then a description of the total framework is given. Subsequently, 

the levels of control within the framework are described. Finally, an outline is given of the 

degrees of freedom available at the lowest level of the patient flow controL 

2.1 Production control 

Bertrand. Wortmann and Wijngaard [ 1990] de fine production control as the coordination of 

supply and production actlvities in manufacturing systems to achieve a specific delivery 

flexibility and delivery reliability at minimum cost. To determine if this definition is 

applicable in a hospita! setting, it is ascertained that the terms used in the definition can be 

translated into comparable terms which are relevant for hospitals. Following this approach the 

coordination of supply and treatment activities in health service organizations can be 

substituted for the coordination of supply and production actlvities in manufacturing systems. 

The supply in health service organizations is not formed merely by goods, but exists primarily 

of people with health problems. The treatment actlvities in a health service organization focus 
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on solving or reducing the health problems of the patients. Therefore, a health service 

organization consists of skilied personnel such as nurses, doctors and anaesthetists, and 

treatment facilities such as operaring theaters and X-ray equipment. The coordination of 
supply and treatment activities in health service organizations or, more generally, in non-profit 

organizations is not aimed at achieving a specific delivery flexibility and delivery reliability 
at minimum cost, but, according to Anthony [1980], at providing the best possible service 

with the available resources. This agrees with the main goal most hospitals have, namely, the 

treatment of as many patients as possible with the available resources, starting from a 

predefined mix of patients. Production control in hospitals, thus, can be described as the 

coordination of supply and treatment activities in health service organizations to achieve the 

best possible service with the available resources. We have demonstrated that it is possible 

to change the definition of production control in such a way to make it applicable to hospitals. 

This makes it plausible that production control principles, with slight improvements, can be 

applied to the control of the patient flows in hospitals. 

Decomposition is a method which is frequently used in situations in which a production 

control structure is designed for a specific manufacturing system. Decomposition means 

breaking down a complex problem into a number of smaller, less complicated problems. 

These smaller problems are related to each other, but are also relatively independent from 

each other. Decomposition can be done in a number of ways. In their work on hierarchical 

planning, Hax and Meal [1975] use decomposition based upon levels in the product structure: 
items (products), families (groups of products that make use of the same machines) and types 

(groups of families with analogous production costs and demand patterns). Another way of 
breaking down a problem into sub-problems is decomposition based upon the decisions that 

have to be taken. An example of this kind of decomposition is given by Anthony [1965]. He 

proposed that managerial activities fall into three broad categories, often referred to as 

strategie planning, tactical planning and operational controL Strategie planning clearly has a 

long term scope and is the responsibility of senior management. Tactical planning is a 

medium term activity involving middle and top management, concerned with the effective use 

of existing resources within a given market situation. Finally, operational control involves 

short term activities, typically executed by lower levels of management and non-managerial 

personnel to carry out the day-to-day activities of the organization efficiently. 

In manufacturing systems, decomposition according to levels in the product structure is used 
most frequently. This happens almost naturally, since capacity planning is a derivative of 

product planning in many manufacturing systems. In those systems, products often can be 
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produced to stock. This means that all available capacity can be used with very little 

unutilized capacity. In hospitals, capacity planning is of much more significanee than in the 

aforementioned systems, since patient care cannot be kept in inventory for future consump

tion, patient care can only form a buffer prior to the treatment process. This means that 

hospitals have more difficulty utilizing all available capacity (especially when the number of 

patients on the waiting list decreases enormously). A poor allocation of resources may lead 

more directly to a toss of capacity utilization. The most important factor in capacity planning 

is the planning horizon. This is the reason for using the type of decision that has to be made 

as the basis for decomposition. 

As is shown in this section, the definition for production control as used by Bertrand, 

Wortmann and Wijngaard [1990] can be translated into a camparabie definition for production 

control in hospitals: 

Production control is the coordination of patients and treatment 

activities in health service organizations to achieve the best possible 

service with the available resources. 

The fact that the definition of production control can be interpreted in such a way that it is 

suitable for health service organizations, makes it plausible that production control principles 

can be applied to health service systems. This means that one of the techniques which could 

be used to design a framework for production control in hospitals is decomposition based 

upon the type of decision to be made. 

2.2 Framework for production control in hospitals 

To design a framework for production control in hospitals, the production control problem can 

be braken down according to the types of decisions to be taken in such organizations. These 

decisions are then arranged in such a way that the decisions with more impact in the future 

are placed at a higher level in the framework and provide boundaries for the decisions at a 

lower level. Applying this type of decomposition to the production control decisions in a 

hospita! leads to five levels (Table 2.1). 

Some remarks about the chosen levels can be made. Firstly, the levels called strategie 

planning and main patient flow planning together form the strategie planning level used by 

Anthony [ 1965]. The strategie planning level is not part of what is commonly referred to as 
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production control, however. The capacity allocation level and the capacity scheduling level 

together form the tactical planning level. Finally, operational planning is comparable to 

Anthony's operational controlleveL 

Questions Decision Level Horizon 
makers 

What is the future direction of the Board of Strategie 2-5 
hospita!? Di rectors planning years 

What will the Ilospital actlvities be Top mana- Main patient I 2 
in the coming period? gement flow planning years 

How are the capacities allocated to Top and Capacity alloca- months -1 
functions or departments? middle ma- ti on year 

na gement 

How are the capacities scheduled in Middle Capacity weeks 
time'! manage- scheduling months 

ment 

Which patient is treated at what Admission Opcrational days-
time? planner planning weeks 

Table 2.1: Production control decisions in a hospita] 

To guarantee that decisions at a lower level of control are taken and executed within the 

boundaries set at a higher level, a control function needs to be implemented. This function 

collects the results based upon a predefined set of performance indicators. This set of 

performance indicators must be constructed in such a way that, firstly the decision itself can 

be evaluated and deviations from the expected results can be explained. In addition, it is 

necessary to be able to evaluate whether the health service organization as a total is heading 

in the planned direction. According to Monhemius [1988] and In 't Veld [1988], different 

types of control can be used in this type of situation: 

a) feedback control, using output information as a signal to control the process by means of 

controllable input variables; 

b) feed-forward control, using input information as a signal to control the process by means 

of controllable input variables. 

Both means of control can be used to coordinate different processes at the same level and to 

coordinate processes at different levels. Using these controts in combination with the levels 

of production control described above, the following framework can be derived (Figure 2.1). 
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Strategie planning 

patlants H'l8800f--ces-,li+---"' 
2-5 years 

Figure 2.1: Framework for production control in hospitals 

2.2.1 Strategie planning 

Strategie planning is the highest level of control within this framework. As indicated above, 

however, this is not a part of what usually is called production controL Nevertheless, this 

level is taken into account in our framework in order to be able to deal with situations in 

which health insurance companies and national and regionat govemments impose quantitative 

and financial budgets upon hospitals. These budgets significantly influence decisions taken 

at the strategie planning level and at the main patient flow planning level. At the strategie 

planning level decisions are made concerning the direction in which a hospita! is heading in 

the coming two to five years. Therefore, on the one hand decisions are taken conceming the 

type and quantity of patient flows in the future. On the other hand, decisions are taken 

regarding investments and the divestment of resources. In Table 2.2 the decisions regarding 

patient flows and capacities at this level of planning and the necessary control functions are 

presented. 
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the area served by the 
hospital, treatment po
licies (inpatients vs. 
outpatients), addition or 
removal of a func-tion 
or specialism, increase 
or decrease of a tunetion 
or specialism 

Decisions regarding 
capacities 

investments or divest
ment of resources, 
cooperation with other 
institutions, priority
setting 

Chapter 2 

Control functions 

horizontal: coordination of 
demand and supply; 
feedback: realized versus ex
pected patient flows; 
feed-forward: consequences of 
changes in population and 
technology; 
vertical: boundaries for the num
ber of patients within a certain 
flow and for the total amounts of 
available capacity (aggregated) 

Table 2.2: Decisions and control function at the strategie planning level 

2.2.2 Main patient flow planning 

Main patient flow planning is the second level of control in the framework. Decisions 

regarding the patient flow consist of determining the number of patients per diagnosis family. 

In most hospitals a diagnosis family represents the diagnoses within a specialism. In order to 

determine the number of patients within such a family, the demograpbic characteristics of the 

population surrounding the facility, bistorical data regarding the number of patients in that 

family and quantity budgets dictated by the health insurance companies are used as input data. 

In Holland, the quantity budgets consist of the permissible numbers of nursing days, 

admissions, flrst outpatient visits and day admissions per year. These measures say nothing 

about the amount of capacity required or about the number of potentlal patients within a 

family. As such, these budgets only function as restrictions for the lower level decision 

process. A rough estimate of the necessary capacities per function or department is required. 

In production control terminology this is called a rough-cut capacity plan. A deelsion must 

be made regarding how much capacity a diagnosis family needs based upon the number of 

patients within this family and how much extra capacity is needed to guarantee that this 

number of patients can be treated in the coming year, given a certain occupancy. Finally, it 

is necessary that the decisions conceming the patient flows and the capacities are consistent 

with each other and with the decisions taken at the strategie planning level. Table 2.3 

summarizes the decîsions which need to be taken at the second level and the control functions 

which need to be executed. 
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Decisions regarding Decisions regarding Control functions 
the patient flows capacities 

amount of patients rough outline of re- horizontal: coordination of 
per diagnosis family. quired capacities demand and supply; 
quantity budgets per diagnosis vertical: readjustment of stan-
health insurance family darcts conceming the occupancy 
companies of resources, determination of 

standards for the length of the 
waiting list and the maximum 
waiting time for patients per 
function or specialism 

Table 2.3: Decisions a.nd control functions at the main patient flow planning level 

2.2.3 Capacity allocation planning 

The third level in our framework is called the capacity allocation level. The decisions taken 

at this level are concerned with the allocation of capacities to functions and specialisms. 

These decisions are taken approximately once each year. To make the allocation decisions, 

the patient flow is divided further into diagnosis groups. Diagnosis groups are formed within 

diagnosis families (mostly equal to the diagnoses within a specialism) and use the same 

amounts of capacity. Each diagnosis family can be divided into one or more diagnosis groups. 

For each diagnosis group the expected number of patients in the coming period is determined. 

Based upon the expected number of patients in the coming period, the required capacity per 

diagnosis group is calculated. Depending on the resource type, the allocation of capacity can 

take place in different ways: 

a lump sum allocation of capacity (e.g. full time equivalents of nursing capacity) 

a specific allocation of capacity in time (e.g. blocks of operating capacity during certain 

hours on certain days) 

Table 2.4 provides an example of the decisions and control functions at this level of planning. 

2.2.4 Capacity scheduling 

The fourth level in our framewerk is called capacity scheduling. This level usually cannot be 

found in production control structures for manufacturing systems. This level is added to the 

production control structure of hospitals because part of the capacity in hospitals is allocated 

to specialisms based upon lump sum requirements. (This way of allocating capacity can also 

be found in some job shops in which capacity is assigned to large customer orders). In a later 

stage, this lump sum is translated into a schedule in which the use of capacity per unit of time 

is determined (e.g. for nursing schedules). The way in which such a schedule is made can 

affect the performance in other parts of the hospita! (e.g., the nursing schedule affects the 
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~~cisions regarding the Decisions regarding Control functions 
alient flows capacities 

expected number of allocation of capacities to horizontal: coordination of 
patients per diagnosis functions or specialties demand and supply per spe-
group cialism; 

vertical: feedback about capacity 
use per function or specialism, 
expected available capacity per 
function or specialism 

Table 2.4: Decisions and control functions at the capacity allocation level 

throughput of the patients in the operating room). Therefore, this type of decision should be 

taken at the patient flow control level and not at the department level as is done in most 

manufacturing systems. Table 2.5 shows an example of the decisions and control functions 

at the capacity scheduling level. 

Decisions regarding the Decisions regarding Control functions 
palient flows capacities 

expected number of required capacity per horizontal: coordination of 
patients per diagnosis time bucket demand and supply (expected 
group as a tunetion of number of patients versus re-
the period of time quired capacities); 
(seasonal influence) and vertical: feedback regarding 
the length of the waiting capacity allocation, readjustment 
list of standards, standards for the 

maximum waitingtime per diag-
nosis group 

Table 2.5: Decisions and control functions at the capacity scheduling level 

2.2.5 Operational planning 

Opemtional planning is the lowest level in our framework. This level is equivalent to the 

operational control level mentioned by Anthony [1965]. In bis book about planning and 

control systems he states that this level is concerned with the processes used in facilitating 

the day-to-day activities of the organization. These activities consist of rules, procedures, 

forms and other devices which govern the performance of specific tasks. Operational control 

is the process of assuring that specific tasks are carried out effectively and efficiently. The 
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day-to-day actlvities of a hospita! include scheduling individual patients for admission. Such 

a schedule is made based upon a list with patients waiting for admission, an overview of the 

available capacity for the coming period (from one day to one week) and an outline of the 

required capacity to be kept on reserve for emergency patients. Table 2.6 presents an 

overview of the decisions and control functions at this level. 

Decisions regarding the Decisions regarding Control functions 
patient flows capacities 

schedule of patients to planned capacity utili- horizontal: coordination of 
be adrnitted in the next zation dernand and supply ; 
period vertical: feedback regarding 

length of the waiting list, 
utilization of capacities and wait-
ing tirnes of patients 

Table 2.6: Decisions and control functions at the operational planning level 

2.3 Degrees of freedom 

As described in Chapter 1, this research is concemed with improving the admission planning 

function in hospitals. The admission planning function is part of the operational planning level 

in a hospita!. As such, admission planning takes place within the boundaries set at higher 

levels of controL Th is means that the length of the waiting list, the composition of the waiting 

list and available capacities are considered to be fixed. The only freedom left for the 

admission planner is the determination of admission dates for individual patients. By selecting 

specific types of patients for admission on specific days, the admission planner must try to 

achieve the goals regarding capacity utilization, the patient waiting time, the service level for 

emergency patients and the length of the waiting list. 

In reality, however, it is not as simpleas stated above. Although each function or specialism 

has its own resources, it is sametimes possible to use resources allocated to other specialisms 

or function. This kind of flexibility is frequently used for the treatment of emergency patients. 

If there is no bed available in the ward which has been assigned to the specialism in question, 

a bed in another ward can be used to accommodate such a patient. Also, in some hospitals, 

nurses are reallocated to wards on a day-to-day basis in situations where the workload is 

unevenly distributed between the wards. To conclude, an admission planner decides which 

patients are selected for actmission in a given period, using the inherent flexibility which is 

available within the hospita!. 
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ModeHing 

In Chapter 1 it was stated that a scarcity of resources may lead to a change in goals. Up until 

now, many hospita! managers have experienced difficulties in achieving these goals through 

actmission planning. Some of these difficulties stem from the fact that a part of the 

information required to make actmission decisions to achieve a predefined set of goals, is not 

available. In actdition it may not be clear which type of actmission policy can be used best in 

situations in which more than one resource is constrained. 

As an initial attempt to resolve these difficulties, this chapter presents several actmission 

policies, each designed to achieve a single, specific goal. The information required to 

implement each of these polides is also described. For this purpose, this chapter first 

describes the main goals which hospita! management generally strives to achieve with 

actmission planning. Subsequently, an analysis of the primary process is presented. This 

analysis demonstrates the specific difficulties of scheduling patients for actmission in a 

situation in which more than one resource is constrained. This analysis is the starting point 

for descrihing the ways in which the processcan be controlled. To conclude, an overview is 

given of the types of actmission policies which could be used to achieve a single, specific goal 

and the information required to implement these policies. 

3.1 Goals and objectives 

To formulate polides for achieving the main goals and objectives of hospita! management, 

the goals must first be defined. In their book on management control in non-profit 

organizations, Anthony and Herzlinger [ 1980] stated that decisions made by management in 

non-profit organizations generally focus on providing the best possible service given the 

available resources. The goals implied with this statement are the same as the revised hospita! 

objectives described in Chapter 1. The aforementioned statement is also supported by the few 

goals and objectives conceming actmission planning that can be found in the literature. For 

example: 

Sahney and Knappenberger [1977J determined that the objective of actmission planning 

should be to keep the bed occupancy high and minimize the number of cancellations and 

reschedulings. 

de Vries [ 1984] claims that actmission planning is concemed with achieving a high, 
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levelled occupancy of the beds, the nurses and the operating theater, given standards for 

patient waiting times, allocation of beds to specialisms and the available resource 

capacities. 

Kusters [1988] states that admission planning should a) improve the occupancy of 

available and expensive resources, b) reduce the time a parient stays on the waiting list, 

c) increase the time between a notification of admission and the actual admission, and d) 

reduce the time between admission and discharge. 
The goals and objectives to be achieved through admission planning are not explicitly stated 

in most hospitals. However, if hospita! managers are asked about the goals they want to 

achieve with admission planning, the types of goals described above are mentioned. The 
managers position in the organization determines to a great extent which of the previously 

described goals are mentioned. The goals mentioned by a specialist may differ from the goals 

mentioned by the head of the operaring theater, or the head of the nursing personnet 

In this study it is assumed that the objectives of admission planning are: 
a) improve the occupancy or utilization of available resources1; 

b) reduce the time that a patient stays on the waiting list; 
c) expand the time between a notification of admission and the actual admission date; 

d) reduce the time between admission and discharge; 

e) achieve a predetermined service level for emergency patients. 

Several of these objectives need to be explained in more detail. 
With regard to b), it may bedesirabie to reduce the time that a patient stays on the waiting 

list only to a limited extent. A patient normally does not want to be admitted into the hospita! 

immediately unless this is medically necessary. This means that there must be a certain 

amount of time between putting the parient on the waiting list and admitting the patient into 

the hospita!. The desired time separating these events depends upon the medica! urgency of 
the diagnosis or operation and the social circumstances of the patient. For a patient with a 
medica! urgency for admission, a maximum allowable time between these events should be 

defined. Specialists generally use two or three categories for specifying the degree of medica! 

urgency. Regarding the social circumstances of a patient, it can be expected that patients with 

children or busy jobs mostly will want to have a Jonger time between these events than other 

patients. In addition, it is important that patients with similar diagnoses are assigned similar 

waiting times so that there are no grounds for accusations of preferenrial treatment or 

forgotten patients on the waiting list. 

With regard to c), most patients want to know the admission date several days before the 
actual admission. A study carried out by Valk [1983] in which he interviewed 150 elective 
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patients demonstrated that 90% of the interviewed patients preferred to receive a notification 

for their actmission one week before the actual admission. However, 90% of these patients 
also maintainect that the time between the notification for actmission and the actual actmission 

shoulct be at least three days. 

With regard to d), a reduction in the time between actmission and discharge (a reduction in 

the length of stay) can potentially be realized when the necessary patient treatments or 
processing steps are scheduled in the shortest time possible. 
With regard toe), to achieve the determined service level for emergency admissions, a eertaio 

amount of capacity must be reserved for this type of patient. The amount of capacity to be 

reserved depends upon the number of emergency arrivals per day of the week and the use of 
resources by these patients (Newell [1954,1963], Swartzmann [1970], Karas [1975] and 

Kusters [1988]). 

Most of the aforementioned goals and objectives are the same as the goals mentioned by 

Kusters [1988]. 

After determining the actmission planning goals, explicit targets forthese goals need to be set: 

which level of occupancy of beds or nursing personnel must be achieved, what the mean 
waiting time should be, which service level must be given to emergency patients. Setting the 

targets is not a simple process since the targets for different goals can conflict with each 
other. For example, a high service level for emergency admissions conflicts with a high 

occupancy of the bed capacity. When hospita! management wantstoreach a high service level 
for emergency admissions, this means that a large number of beds will neect to be reserved 

for these patients. Since these beds will not be occupied most of the time, the occupancy of 

the beds will tend to decrease. In Table 3.1 the interaction between the service level for 

emergency admissions and the occupancy of the beds is demonstrated. In this table it is 

assumed that: 

- 30 beds are available; 

- the beds for elective patients can be occupied for 1 00%; 
emergency patients arrive according to a Poisson process; 

- the emergency arrival rate is I patient per day. 

The condusion here is that insights into the conflicts between targets is necessary befare 

feasible targets can be set. If insights into the conflicts between targets are not available then 

a monitoring function as described in Chapter 2 can help to gain insights into these conflicts. 
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Service level served beds Occupancy 1 Occupancy 
emergencies emergencies emergency beds all beds 

95.0% 5 20% 87% 

97.5% 6 17% 83% 

99.0% 7 14% 80% 

Table 3.1: Relationships between service level for ernergency admissions and bed occupancy 

3.2 The primary process 

The scope of our study was defined in Chapter 1 and limited to the inpatient flows for a 

single surgical specialism. This section describes the throughput of these flows through such 
a department This description is based upon information from interviews that were held in 

a number of hospitals. Subsequently, an analysis of the primary process is made using 

production control terminology and concepts. The process is modelled as a flow shop with 

a number of order categones and without intermediate buffers between the work processing 

steps. 

3.2.1 Description of the primary process 

Figure 3.1 represents the patient flows through a surgical hospital. 

In Figure 3.1 it is shown that the inflow of a surgical hospital consists of two different flows. 
The division into these two flows has been made because the control of these flows is 
essentially different. The first flow consists of emergency patients. These are patients who 

must be admitted into the hospital immediately. It is hardly possible to control this flow. 

Nevertheless, it is possible to make a fairly accurate predierion of the number of emergency 

patients per day as demonstrated by the research carried out by Newell [1954, 1963], 
Swartzman [1970], Karas [1975] and Kusters [1988]. The second flow consistsof elective 
patients. These are patients for whom the admission dates can be postponed. When their 
requests for admission are received,these patients are put on a waiting list. Based upon the 

research of Kusters [1988], this latter flow can be divided into smaller flows based upon the 

type of operation, age and sex of a patient. This sub-division results in a number of patient 
groups, each of which require the same amount of resources in hospital. 

When a patient is admitted into the hospita!, he may use various resources. Three types of 

resource capacities are relevant: operating theater capacity, wards and ancillary departments. 
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Figure 3.1: Patient flows through a surgical hospita! 

A patient uses operating theater capacity when he has to undergo an operation. In most cases, 

such an operation takes place on the first or second day of apatient's stay. 

Operating theater capacity consists of four related types of capacity: specialist capacity, 

nursing capacity, anesthetist capacity and operating theater capacity. There is a linear 

relationship between the capacity requirements of each of these resources; this means that the 

most scarce resource determines the total available capacity. Operating theater capacity is a 

type of capacity which is not continuously available. According to a timetable, a specialism 

has access to one or more operating theaters on certain days for a certain amount of time 

(usually for four or eight hours). 

Ward capacity is used by every patient in hospita!. This capacity can be divided into two 

separate types of capacity: bed capacity and nursing capacity. The division into these two 

types of capacity is made since there is no linear relation between the number of occupied 

beds and the workload of the nurses. This means that these types of capacity need to be 

controlled separately. Nursing capacity is a resource which is continuously available, but not 

always in equal amounts. Bed capacity is a resource which in most hospitals is continuously 

available in the same amount, however. 

The third resource a patient may use is an ancillary department Use of such a department is 
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made when a patient needs to undergo some specitïc examinations. The types of examinations 

needed differ from patient to patient and from diagnosis to diagnosis. For patients in a 
surgical hospita!, such examinations only require a small amount of time as compared to the 

total time they stay in the hospital. The timing of these examinations is normally not critical 

with respect to the length of time they stay in the hospital. For this reason the ancillary 

departments are not included within the scope of this study. 

3.2.2 Analysis of the primary process 

The primary process in a surgical hospita! is described previous as the treatment of a number 

of different patient groups. Por the treatrnent of these different patient groups, operating 

capacity, bed capacity, nursing capacity and ancillary department capacity is required. In this 

section the primary process is analyzed from a production control point of view and the main 

features of the primary process are identified. Based upon these features, the primary process 

can be characterized as a flow shop with several categones of orders, without intermediate 
buffers between the work processing steps. 

Figure 3.2 represents the flow of patients through a surgical hospita! assuming that visits to 

the ancillary departments need not be taken into account and not every patient makes use of 
every processing step. 

Figure 3.2: Revised representation of the patient flows through a surgical hospita! 

From Figure 3.2 which represents the normal flow of patients on any given day, it can be 

concluded that operating theater capacity and bed capacity are always used in the same order. 
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This is the main reason for modeHing a surgical hospita] at this level as a flow shop. This is 

a special kind of flow shop, however, because one resource (the operating theater capacity) 

is only available periodically. In this flow shop, different resources are used sequentially 

without any intermediate delay. A delay between the two processing steps is not possible 

since every patient requires a bed during the total period he is admitted in the hospitaL This 

is the reason for modeHing a surgical hospita! as a flow shop without intermediate buffers. 

When the incoming patient flows are viewed in more detail, these flows cannot be represented 

as a single category of orders but must be represented as a number of different categories of 

orders as previously indicated inSection 3.1.1. 

In conclusion, to characterize the incoming flows of patients and based upon the sequence in 

which the different resources are used, a surgical hospita! can be modelled as a flow shop 

without intermediate buffers between the individual processing steps using a number of 

different categories of orders. 

3.3 Control 

It is explained in the sections above how a surgical hospita] can be modelled as a flow shop 

with a number of different categories of orders and no buffers between the stages. This 

approach not only detennines how such a hospita! can be described, but also how such a 

hospita! should be controlled. Th is section provides a description of how the primary process 

can be controlled on the operational level to achieve a predefined set of goals. First, the 

means via which the primary process can be controlled are identified. Subsequently, two 

different methods of control are presented. The effects of the main features of the primary 

process on the control are then described. Finally, the way in which the primary processcan 

be controlled to achieve the various goals is outlîned. 

3.3.1 Means of contro I 

In Chapter 2, production control in hospitals is defîned as the coordination of the supply and 

demand for treatment in health service organizations to achîeve the best possible service with 

the available resources. This definition shows that production control is a coordination 

problem. Thîs problem can be solved by înfluencing: 

I) the demand for treatment capacity, 

2) the supply of treatment capacity, or 

3) both the demand and the supply of treatment capacity. 

Influencing the demand for treatment capacity at an operatîonal level of planning means 
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influencing the actual configumtion of patients in the hospital. The actual configuration of 

patients in the hospita! can be influenced by the selection of patients from the waiting list. 

Influencing the supply of treatment capacity at an operational level of planning means 

influencing the actual availability of capacity. 

Summarizing, it can be stated that two sourees of control can be distinguished at the 

operationallevel: the selection of individual patients from the waiting list to be admitted into 

the ho spital and the actual allocation of capacity. 

3.3.2 Methods of control 

In 't Veld [1988] distinguishes two basic methods which can be applied to control the parient 

flows in surgical hospitals of a hospital, namely: feed-forward control and feedback controL 

Feed-forward control is the control metbod in which the influence of disturbances is predicted 

and a correction is introduced to compensate for the effect of these disturbances. Feedback 

control is the control metbod in which a deviation from a norm is first observed and then a 

correction is introduced to compensate for this deviation. 

When the means of control are combined with the methods of control, four alternatives can 

be distinguished: 

1) Feedback control using patients as a means of control; 

2) Feedback control using resources as a means of control; 

3) Feed-forward control using patients as a means of control; 

4) Feed-forward control using resources as a means of control 

The use of feedback control using patients as a means of control can be illustrated by a 

situation in which it is observed that there is not enough nursing capacity available to admit 

all of the scheduled patients on a eertaio day, leading to the cancellation of the actmission of 

some of the scheduled patients. When the available nursing capacity is increased by hiring 

a tempomry nurse instead of cancelling a number of the already scheduled patients, this 

becomes an example of feedback control using resources as a means of control. An example 

of feed-forward control using patients as a means of control can be illustrated by a situation 

in which patients are selected for admission on the basis of the expected availability of 

resources. An example of feed-forward control using resources as a means of control is the 

reservation of bed capacity and nursing capacity for emergency patients on the basis of the 

expected number of emergency patients. 

To summarize, the difference between feed-forward control and feedback control lies in the 

fact that the first metbod of control eaUs for corrective measures to be taken on the basis of 
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expected deviations of the process, while the latter method of control achieves this based upon 

observed deviations from the process. 

The admission planning function makes use ofboth feecl-forward and feedback controL In this 

book, however, the main emphasis is on feed-forward controL Therefore, when the word 

control is used, it always refers to feecl-forward control unless stated otherwise. 

Feecl-forward control can take place using patients as a means to control the processor using 

resources as a means to control the process. Feecl-forward control based upon resources is 

used mainly at the higher levels of planning as is discussed in Chapter 2. This method of 

control is also used at the operationallevel of planning specifically with regard to emergency 

patients. The main use of feecl-forward control at the operational level is based upon 

influencing the actmission of individual patients. 

3.3.3 Effects of main features on the control 

In Section 3.2.2 the primary process of a surgical hospita! is modelled as a flow shop without 

intermediale buffers between the stages and with a number of different categones of orders. 

In this section the effects of the main features of the process on the control are described. 

One of the main features of the primary process is the absence of a buffer between the stages. 

Absence of a buffer between the stages in a flow shop means that there wil! be a strong 

interference between the resources. If the first stage becomes idle, this will effect the 

occupancy of the successive stages at a later moment in time. In a situation in which more 

resources are constrained this means that the total throughput of the system is determined by 

the maximum occupancy of these resources at any point in time. Absence of a buffer in a 

flow shop in which all patients follow the exact same route means that the only point where 

the patient flow can be controlled (feed-forward) is at the entrance of the system. Selecting 

patients from the waiting list to be admitted into hospita! is the only way to control the 

elective patient flowsatan operationallevel in this situation. By selecting these patients from 

the waiting list the situation in both processing steps must be controlled (if necessary). As is 

described in Section 3.2.2, the emergency flow is controlled on the basis of capacity 

reservations. 

Handling a number of different categories of orders in a flow shop means that the workload 

at every processing step depends upon the configuration of orders in the flow shop. Knowing 

that an operation may take anywhere from fifteen minutes to eight hours to complete and that 

beds and nursing capacity are used for anywhere from one day to several weeks, the 

configuration of orders at every processing step may be different. Processing times differ so 
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widely that this automatically means that the configuration of orders at both processing steps 

is different. When the loads at both processing steps are not balanced, blocking can take 

place. In this study, blocking is defined as the phenomenon which occurs in situations in 

which available capacity at one stage cannot be used because the required capacity to process 

another order is not available at the other stage. This type of blocking resembles blocking 

effects which are frequently described in the flow shop literature (Pinedo, [1982]). Blocking 

is defined in the literature as the phenomenon which occurs in situations in which available 

capacity cannot be used because an order cannot be removed from or entered into the system 

since there is an insufficient amount of buffer storage available. In a surgical hospital, 

blocking occurs: 

a) in cases in which operating time is available but all the beds are occupied, or 

b) in cases in which there are beds available but there is no operating time left. 

When blocking occurs, one stage becomes idle. If this stage is the bottleneck resource, this 

will cause the occupancy to decrease. The bottleneck resource is defined here as the resource 

which is the most scarce at the capacity allocation level. However, in a situation with several 

categones of orders, there is usually no specific bottleneck in the short term. Depending upon 

the configuration of categories in the system, the bottleneck is formed by one of the two 

resources. 

Based upon the previous analysis of the system, the following conclusions can be made: 

the only way to control the elective patient flows at the operational level is to select 

patients from the waiting list to be admitted into the hospita) on specified days. When 

using this selection process the workloads at the both processing steps must also be 

controlled, if necessary; 

when more than one resource is scarce (and consictering that scarcity is a broad concept), 

blocking can take place. Blocking leads to a loss of capacity and thus a lower throughput 

of patients in the hospital. 

3.4 Policy and information 

The results of the analysis of the primary process and the consequences for the way of control 

derived from this analysis are used in this section to provide a general description of the way 

in which the primary process can be controlled in order to achieve each of the admission 

planning goals, separately. Subsequently, the information required to imptement each of the 

policies is described. 
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Improve the occupancy or utilization of available resources 

This goal can be achieved by continuously selecting a specific combination of patients such 

that the workload at each processing step is high at the moment of admission and is also 

guaranteed to remaio high at each processing step in the near future. To guarantee the latter, 

the combination of patients must be selected in such a way as to eosure that enough capacity 

will be available in the near future. If this can be guaranteed, blocking will generally be 

minimized. 

To be able to improve the occupancy of available resources, an admission planner needs 

information about: 

the availability of resources 

the amount of capacity needed by each patient on the waiting list 

the amount of capacity needed byeach patient in the hospita! 

the amount of capacity which must be reserved for emergency patients 

the time for which apatient's operation is scheduled 

Regarding the availability of resources, an admission planner must have an overview of the 

availability of resources for a number of days into the future in terms that he is able to work 

with. He needs to know the total bed capacity, the total operaring capacity per day and the 

total nursing capacity per day. These totals are known a half year to a year in advance in 

most hospita\s. He must also know the normal variances from these totals which may be 

caused by illness of personnel, vacations or other circumstances. Next, he needs to know how 

much of each of the capacities is occupied by patients already admitted into the hospita!. The 

research carried out by Kusters [ 19881 demonstrates that patients can be divided into groups 

according to their use of resources and based upon age, gender, diagnosis and operation. To 

predict the length of stay for each of these groups, information is needed about the bistorical 

length of stay for each group. This type of information is available in virtually all hospita! 

information systems. To predict the nursing workload for each of these groups, either a 

workload measurement system must be implemented or the nurses must predict the workload. 

The duration of an operation for each of these groups can be predicted using bistorical data. 

If there is no historica! data available about the durations of operations, then the specialists 

can generally provide reasonable estimates. 

Once the planner knows the future capacity availability, he needs to select a combination of 

patients from the waiting list such that all of the capacities are sufficiently occupied. For this 

purpose he needs to know the amount of capacity needed by each patient on the waiting list 

and the amount of capacity that must be reserved for emergency patients. The amount of 

capacity needed by each parient on the waiting list can be predicted in the same way as the 
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amount of capacity needed by each patient in the hospital as described above. The amount 
of capacity that must be reserved for emergency patients depends upon the expected number 
of emergency patients, the capacity needs of emergency patients and the service level 

requirements for emergency patients. The service levels to be attained in the coming period 

(e.g. year) are normally set by the hospital management. The expected number of emergency 

patients per day of the week can be predicted based upon the historical data regarding the 

number of emergency patients per day of the week. The capacity needs of emergency patients 

also can be predicted on the basis of bistorical data. The time at which the capacity will be 

neerled must also be known, except for the capacity requirements of already admitted patients. 

This is important for determining which resources will beneerled only on a specific day of 
the stay of a patient in the hospita!. Operaring theater capacity is an example of this type of 

capacity. An admission planner must know whether a patient is to be operated on the first, 

second or another day of his stay. This information can be found on the admission form in 

most hospitals. 

Reduce the time that a patient stays on the waiting list 

To reduce Ûle amount of time that a particular patient stays on the waiting list, eiilier the 

throughput must be increased or the number of patients with a medica! urgency must 

decrease. The latter situation is relevant in case too many patients may have been assigned 
an urgency status. This causes a lengthening of the waiting time for patients without urgency 

status. If the number of patients with an urgency status can be decreased, t!le waiting time for 
elective patients could be reduced. The mean waiting time is likely to remain about the same 

as it was before, however. 

For the throughput to be increased, the level of resource availability or the occupancy of 

resources must be increased (blocking must be avoided), or the capacity utilization must be 

decreased. These are two of the goals mentioned earlier. 

To ensure that patients wiili a similar diagnosis are assigned the same waiting times, patients 

should be selected from the waiting list on a first-come, first-serve basis. 

In addition to the information mentioned previously, an admission planner needs information 

about the amount of time a patient has already been on the waiting list and the urgency of 
the patient. 

Expand the time between a notification of admission and the actual admission date 

To expand the time between a notification of admission and the actual admission date, the 

selection of patients to be admitted into the hospital has to take place at an earlier stage than 
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may currently be the case. This means that predictions about the available resources must be 

made more in advance. If the actmission decisions are based upon these predictions, this 

probably will lead to a decrease in occupancy since the predictions wiJl generally be worse. 

To be able to expand the time between a notification of actmission and the actual actmission 

date, the availability of resources must be known for a couple of days in the future. The 

results of the study carried out by Kusters can be applied to predict the availability of 

resources for a couple of days into the future. It is also possible that the number of expected 

emergency patients per day will need to be adjusted when there are patients that need to be 

admitted within 24 or 48 hours. If this is the case and hospita! management wants to expand 

the time between a notification of actmission and the actual actmission date to 48 hours, the 

expected number of emergency patients will increase by the expected number of patients per 

day that have to be admitted within 48 hours. 

Reduce the time between admission and discharge 

The only way an actmission planner can influence the time between actmission and discharge 

is by taking care that: 

I) the patients who are admittect are actually suitable for actmission, 

2) all of the necessary matenals (prosthesis, blood) are available, and 

3) all of the necessary resources (beds, eperating time, ancillary ctepartments) are available 

at the right moment. 

A patient is suitable for actmission if the results of the preoperative screening are complete. 

Summarizing, the actmission planner must select only the patients which meet the conditions 

mentioned above in order to influence the time a patient stays in the hospita!. To be able to 

reduce the time between actmission and discharge the actmission planner must know: 

1) which examinations have to be done at what time, 

2) the results of the preoperative screening, and 

3) whether blood or a presthesis is needect by the patient. 

Achieve a predetermined service level for emergency patients 

To guarantee that a precteterminect percentage of the emergency patients can be admitted in 

the hospita! at any given time, capacity must be reservect for these patients. The reservation 

of capacity can take place in two ways: 

1) part of the resources can be allocatect to emergency patients at a higher level of planning, 

e.g. eperating rooms reservect solely for emergency patients; 

2) part of the resources for a hospita! are not assignect to schedulect patients. 

To achieve a prectetermined service level for emergency patients, the actmission planner must 
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know: 

how many emergency patients are expected per day of the week; 

how much capacity must be reserved for these patients. 

How this information can be retrieved has already been described in this section. 

To summarize, an admission planner needs information about: 

the total availability of beds, nursing capacity and operating theater capacity 

the age, sex, diagnosis, operation, specialist and ward of each patient 

the day of operation for each patient 

bistorical data regarding the length of stay for every group of patients 

bistorical data regarding the duration of an operation for every specialist and every group 

of patients 

bistorical data regarding the nursing workload for every group of patients 

the amount of time a patient has already been on the waiting list 

the urgency status for each patient 

the expected number of emergency patients per day of the week 

bistorical data regarding the capacity needs for emergency patients 

the prescribed service level for emergency patients 

results of the preoperative screening 

requirements for blood, a prosthesis or other facilities 

The main task of the admission planner is to use this information in selecting patients from 

the waiting list in such a way that admission planning objectives are met as much as is 

possible. It will be clear that this is a hard job in practice. 

36 



Chapter 4 

Decision Support for Admission Planning 

One of the reasons why actmission planners may not be able to achieve their targets is the 

Jack of some of the information required to make correct actmission decisions. A correct 

actmission decision is ctefined here as an actmission decision which contributes to the 

achievement of the actmission planning goals. Another reason for not achieving their targets 

is the fact that the information processing capability of the actmission planner is insufficient 

to copy with the amount and variety of data as described in the previous chapter. 

In this chapter we describe the development and method of testing of a decision support 

system for actmission planning which provides the actmission planner with all of the 

information required to make correct actmission decisions. The development of this system 

is based upon an analysis of the primary process described in Chapter 3 of this hook and the 

prediction mode Is designed by Kusters [ 1988]. In Section 4.1, a description of this decision 

support system is presented. The decision support system described in Section 4.1 is 

subsequently evaluatect to delermine whether: 

it provides the actmission planner with all of the information required to make actmission 

decisions; 

the prediction models designed by Kusters are useful in practice; 

the system is capable of improving the achievement of the actmission planning goals. 

The decision support system has been implemenled in three hospitals for the purpose of 

evaluating this system based upon these three criteria using a case study approach. Section 

4.2 describes the design of these cases in detail. Attention is paid to the main goals of these 

cases, evaluating the success of the implementation in each of these cases, the selection of 

the specific case situatîons and the phases that can be distînguished within each of these 

cases. 

4.1 Decision support svstem 

The aim of the decision support system is to provide the actmission planner (whomever that 

may be) with all of the information required to make correct actmission decisions. The most 

important information needed by the planner is infonnation about: 

a) the availability of beds, nurses and operating time in the future, taking the arrival of 

emergency patients into account, and 

b) the consequences of possible ad mission decisions for the future availability of beds, nurses 
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and operaring time. 

Since only a limited amount of time was available forthese case studies, it was decided to 

develop the decision support system as a prototype for only a single specialism and to assume 

that all patients could make use of all beds belonging to that specialism. In addition, it was 

assumed that the resources available to this specialism were known with complete certainty. 

This decision was in accordance with the decision to limit the focus of this study to only one 

specialism. This latter decision was based upon the fact that most hospitals make their 

admission planning decisions per specialism separately, whereby each specialism has its own 

dedicated resources. In addition, it is easier to make admission decisions per specialism. In 

view of this, we have assumed that a resource betonging to one specialism is oot used by 

another specialism. It is also important to note that the decision support system was 

implemented on a PC with no connections to other computer systems. 

The decision support system was initially developed based upon: 

1) the results of Kusters's study; 

2) insights into the admission planning process gained through interviews with stakeholders 

in the admission planning process, observations of the admission planning process and an 

analysis of this process ( described in Chapter 3). We have identified the stakeholders in 

the admission planning process as being the patients, the specialists, the nursing personnet 

(including the head of the nursing staft), the persounel working in the operating theater 

(including the head of the operaring theater) and the personnet of the admission planning 

department; 

3) insights into the information required for admission planning (see Chapter 3). 

In each of the hospitals in which the system was implemented, the system was presented to 

a group of stakeholders. The decision support system implementations were subsequently 

modified with respect to some points as the result of comments from the respecrive groups. 

Working with the system also led to some further adjustments. 

As is described in Chapter 3 of this book, an admission planner tries to make his admission 

decisions in such a way that the goals of admission planning can be achieved. To support the 

admission planner in making admission decisions in such a way that the goals of admission 

planning can be achieved, the decision support system requires input information. 

The decision support system has been developed to support the admission planner in 

achieving the following goals: 
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expanding the time that elapses between a notification of actmission and the actual 

admission date; 

reducing the time interval between actmission and discharge; 

achieving a predetermined service level for emergency adrnissions. 

As described in Chapter 3, to achieve these goals, information is needed about: 

the total availability of beds, nursing capacity and operaring capacity; 

the age, sex, diagnosis, operation, specialist and ward of each patient; 

the day of operation for each patient; 

historica! data regarding the length of stay for every group of patients; 

historica! data regarding the duration of an operation for every specialist and every group 

of patients; 

historica! data regarding the nursing workload for every group of patients; 

the amount of time a patient has already been on the waiting list; 

the urgency status for each patient; 

the expected number of emergency patients per day of the week; 

historica! data regarding the capacity needs for emergency patients; 

the prescribed service level for emergency patients; 

results of the preoperative screening; 

requirements for blood, a prosthesis or other facilities. 

In the decision support system three main modules can be distinguished: 

1) an registrative module in which the actual situation with regard to the patient flow and 

the resources is registered; 

2) a statistica! module in which the varying capacity needs for groups of patients are 

recorded; 

3) a planning module which provides the planner with an overview of suitable patients for 

admission on a given day, the capacities available on that day and for a number of days 

into the future and the consequences of selecting a number of patient for actmission with 

respect to the available capacity in the future. in case some patients are selected for 

admission. 

Each of these modules is described in more detail in the subsequent sections. 

4.1.1 Registrative module 

The actual situation in the hospita] can be recorded in the administrative module. This module 

is important because it forms the basis for making predictions. This module incorporates 

several sets of data files. The first set of data files are used to store data about patient 

movements. Patients are normally placed on a waiting list which includes information about 
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the patient (his name, address, telephone number, etc.), the admission request (name of the 

specialist, specialism, ward, diagnosis, operation, state of preoperative screening) and the 

planning (date on the waiting list, length of stay before the operation, planned admission date, 

etc.). It is possible to assign an admission date and to include this in the patient's record. The 

parient is then assigned a status of "A" (appointment). It is also possible to record the fact that 

the patient has been admitted into the hospital. The patient is then assigned a status of "H" 

(hospita!). When a patient is discharged, the data referring to the parient is deleted in this set 

of data files. 

The second set of data files contain information about the availability of capacity in time. The 

wards are noted to which a parient assigned to a specific specialism can be admitted. The 

number of beds in these wards can also be specified divided between male and female beds 

and distributed according to one-, two- or four-bed rooms. The specialists working in this 

specialism can be specified and the operating times which have been allocated to them for 

sixteen weeks into the future can be specified. Also, the nursing capacity available in the 

coming weeks can be indicated. 

4.1.2 Statistkal module 

In this module, all of the statistical data needed to make predictions about the availability of 

beds, operating time and nurses is recorded. Also included is the amount of capacity needed 

for emergency patients and information conceming standards. Firstly, the diagnoses and 

operations used by the specialism can be specified. The diagnosis is used to make predictions 

about the length of stay and about the nursing workload expected for patients who do not 

undergo surgery. To be able to make these predictions, the length of stay for all patients with 

a given diagnosis are compiled over a period of a year or more. Using this data, the 

cumulative probability is calculated for each parient with a given diagnosis to determine 

whether he is expected to leave the hospita! on day x after the admission. In Table 4.1, an 

example of the cumulative distribution function used in the decision support system is 

presented. 

To predict the nursing workload associated with the patients, either workload measurements 

can be collected during a period of six to eight months, or the workload can be predicted by 

nurses. 

The type of operation is used as a basis for estimating the duration of the surgery and to 

predict the nursing workload for patients who undergo surgery. To detennine the duration of 

the surgery, historica} data regarding the durations of operations should be gathered during 

a period of one year or more. The time spent in the operating theater (including anesthetics) 

is used as the standard definition of the duration of an operation. To predict the nursing 

workload for patients who undergo surgery, the sameprocedure is used as described above 
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length of stay cumulative length of stay cumulative 
(in days) probability (in days) probability 

of discharge of discharge 

I 0 11 88 
2 8 12 90 
3 12 13 93 
4 20 14 93 
5 29 15 93 
6 35 16 95 
7 55 17 95 
8 68 18 98 
9 75 19 100 
10 84 20 100 

Tablc 4.1: Cumulative distri bution function as used in the decision support system 

for patients who do not undergo surgery. Forthese patients, however, it is assumed that the 

nursing workload is constant during their stay in the hospita!. For patients who do undergo 

surgery it is assumed that the nursing workload is variabie during their stay. The stay can be 

divided into three periods, each with a different workload: the days before surgery, the day 

of surgery and the day(s) immediately after surgery (peroperative period) and, thirdly, the 

subsequent days after surgery. 

The expected number of emergency patients per day of the week and per gender also can be 

registered in this module. The number of expected emergency patients can be determined by 

analyzing the historica! data conceming the number of emergency patients arriving during the 

past year. 

Finally, a set of standards can be maintained as data in this module. The standards used in 

the decision support system are: 

the workload generated by a patient in a given category; 

the length of the peroperative period; 

the time required to change between two operations; 

the probability of the number of occupied beds exceeding the total available bed capacity; 

the probability of the nursing workload exceeding the total available nursing capacity; 

the probability of the eperating time exceeding the total available eperating capacity. 

4.1.3. Planning module 

The planning module is the module which is used for making predictions about the future 

availability of different capacities. This module also can be used for making actmission 

decisions. An actmission decision can be made for a single day or a longer period of time in 
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the future. After selecting a period for which an admission decision is to be made, all patients 

qualifying for actmission are then selected and displayed on the screen. A patient is qualified 

for admission if his preoperative screening is acceptable, bis surgeon has operating theater 

time on the day of operation and the patient is available during this period. If one of these 

conditions is not met, the patient is not considered to be qualified for admission. 

On the same screen, the availability of capacity is shown for the specified day of admission 

or operation along with the available capacity for the next four days. At this point it is 

possible to select a number of patients to be admitted on the chosen day. The amount of 

capacity needed by each of these patients is added to the capacity already occupied. The new 

capacity overview represents the expected remaining availability of capacity (using a 

significanee level equal to a predetermined probability of exceeding the available capacity) 

in the event that all of the selected patients are actually admitted. In this way it is possible 

to compare a number of alternative admission decisions or to check if an admission decision 

is feasible. 

4.2 Design of the cases 

The common subject of all of the case studies is the implementation and testing of the 

prototype decision suppon system described in Section 4.1. The main goals of the cases are 

to test whether: 

1) the pred.ietion modelsof Kusters are applicable in practice, and 

2) the decision support system is capable of supporting the admission planner in making 

admission decisions. 

Whether the pred.ietion models developed by Kusterscan be applied in practice depends upon 

the availability of the infonnation needed by these models and the reliability and accuracy of 

the predictions resulting from using these models. One of the criteria used in selecting the 

cases was the availability of the information needed by the prediction models. This means that 

the practical applicability of the models only depends upon their performance in the case 

studies presented bere. Whether the decision suppon model is capable of supporting the 

admission planner in making admission decisions depends upon: 

1) the performance of the prediction models in practice, 

2) the correctness of other information presented to the planner, 

3) the usability of the decision suppon system, and 

4) the accuracy and degree of fit between reality and the models underlying the decision 

support system. 

To achieve the main goals of the case studies, the case studies must provide insights into: 
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the reliability and accuracy of the predictions made based upon the predietien roodels 

developed by Kusters; 

the organizational actions necessary for implementing the decision support system for 

actmission planning; 

the improverneut in performance that can be realized if the decision support system is 

used; 

extemal factors of the user environment which influence the actual realization of 

performance improvements; 

the way in which the users handle the decision support system. 

Three implementation cases are examined in three separate surgical hospita! situations in this 

study. Several cases were chosen in order to be able to compare cases and to gain insights 

into situations in which the implementation of the decision support system can contribute to 

improving the admission planning function. 

The criteria for selecting these case studies were: 

availability of information neerled for the predietien models; 

cooperation of the parties involved in the actmission planning process; 

choice of the department in which the system would be implemented. 

Our objective was to select a number of cases for which all of the information needed for the 

predietien roodels was available, the cooperation of the parties involved in the actmission 

planning process was secured and the department in which the system was to be implemented 

would be different from the other cases but would also be present in almest every hospita!. 

The latter criterium was added in order to increase the generalizability of the study. 

In each of the cases, the following phases can be distinguished: 

1. Description and analysis of patient flows. resources and actmission planning procedures. 

2. Determination of the actmission planning goals and the performance indicators associated 

with these goals. 

3. Determination of the data needed as input to the decision support system. 

4. Preparation for the implementation. 

5. Observation OI. 

6. Implementation of the decision support system: 

shadow system 

- actual system 

7. Observation 02. 

8. Evaluation. 
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1. Description and analysis of patient flows, resources and admission planning procedures 

In this phase, a description is presented of the department where the case study takes place. 
This description includes the total amount of capacity in this department, the number of 
patients treated and the actmission planning procedures used. The following questions are 

answered: 

how many beds are available? 

on what days the surgeons operate and how long an average operation session takes? 

how many nurses work in the ward? 

how many nurses work on the different shifts? 

how many patients are treated per year? 

what type of diagnoses the patients have? 

how many emergency patients arrive per year? 

what is the length of the waiting list? 

what is the mean waiting time for a patient? 

how are patients selected from the waiting list? 
which criteria are used for selecting patients from the waiting list? 

who takes the admission decision? 

which information related to admissions planning is available? 

what is the difference in time between the notification of admission and the actual 

admission date? 

To gather this information and to discover problems with admission planning, the main 

stakeholders were interviewed. The main problem areas were identified based upon these 
interviews. 

2. Determination of the admission planning goals and the performance indicators 

The admission planning goals were defined in consultadon with the main stakeholders. An 

operational measurement for the degree of achievement of these goals was then chosen after 

reaching consensus of opinion concerning the goals. This resulted in a set of performance 
indicators. 

Minimally the following set of goals were agreed in each case: 

a consistently high occupancy rate for the resources (beds, nurses, operating room); 

a high patient throughput rate. 
The latter goal can be translated into the following two goals: 

a short period of time between the notification for admission and the actual admission 
date; 

a short waiting time which is the same for all patients. 

The degree of achievement of the first goal can be measured in terms of: 
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mean occupancy rate of the operating theater; 

varianee in the occupancy rate of the operating theater; 

mean bed occupancy; 

varianee in the bed occupancy; 

mean nursing occupancy; 

varianee in the nursing oecupancy. 

The translation of a goal into an operational measurement may seem simple. It must frrst be 

decided how to measure the occupancy rate, however. One also has to check if the 

information needed to ealculate the performance indicators is available in the organization. 

3. Determination of the data needed as input to the decision support system 

A eertaio amount of input data was required in the form of initia! parameters to be able to 

work with the decision support system. To predict the available capacity, the system needed 

to know the total amount of capacity. This means that the number of bedsin a ward and the 

distribution of these beds in tenns of male, female and various classes of beds (one-bed 

rooms, two-bed rooms and four-bcd rooms) had to be entered. Also, the days of the week on 

which each surgeon had operating theater time and the amount of operating time on these 

days had to be entered. The same type of information was required for the nurses. In addition, 

information regarding the amount of capacity a patient needed based upon diagnosis, 

operation, age and gender. The following data was collected: 

age, gender, diagnosis and length of stay of patients in the past; 

age, gender, diagnosis, operation and workload for every day of the hospita! stay of 

patients in the past; 

emergency arrivals per gender per day of the week in the past; 

duration of an eperation per type of operation. 

The above data had to be collected for all operations and diagnoses in order to compile a list 

of all of the diagnoses and operations. 

Finally, the probability of predicting a higher available capacity than there actually was had 

to be detennined. 

4. P reparation for the implemen ration 

All of the people involved in the project had to be informed about what was going to happen. 

The person or persons working with the system needed to learn how to handle the system. 

It also had to be detennined whether the information necessary to plan the admissions would 

be available in time. In situations where this information would not be available in time, the 

method of information processing needed to be changed. Also, it was necessary to determine 

in which way the decision support system would be used to make an actmission plan and by 
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whom the system would be used. 

5. Observation 01 
Observation 01 involved measuring the performance of the admission planning function in 

the period before the decision support system was implemented. The performance indicators 

determined in phase 2 were measured during a period of a month. 

6. Implementation of the tiecision support system 

The implementation of the decision support system was divided into two phases. During the 

first phase the system was used as a "shadow" system: All of the information needed to make 

predictions about the consequences of admission decisions was entered into the system, but 

the system was not actually used to make admission decisions. The admission decisions were 

made in the traditional way while the system showed the consequences of this decision. 

During this period it was possible to test the accuracy and reliability of the predictions using 

a simulation program. This program was able to recreate the situation in the past and compare 

the predictions with the reality. When the predictions were not good enough, it was possible 

to make adjustments after analyzing the reasoos why the predictions were not good enough. 

When the predictions became reliable enough, the system was then used to evaluate the 

admission decisions and to change these decisions when they appeared to be infeasible. The 

decisions of the user were recorded by the computer program. This made it possible to see 

how often the planner had made admission proposals, how often proposal were changed and 

what the predicted occupancy of the resources was. In addition, each planner kept a log-book. 

In this book he noted what went wrong, why plans were changed and how admission 

decisions where made. 

7. Observation 02 
Observation 02 involved measuring the performance measurement of the admission planning 

function after imptementing the decision support system during a period of a month. In 

addition, observation 02 involved interviews with the main stakeholders in the admission 

planning process. The subject of these interviews was their reactions and comments regarding 

the design of the decision support system and the use of this system in practice. 

8. Evaluation 
In the evaluation, the measured values of the performance indicators were compared and 

analyzed. In addition, the results of analyses based upon the notes in the Iog-book and the 

reactions and comments of the main stakeholders were taken into account in the evaluation. 

46 



Chapter 5 

Orthopedies 1 

This chapter presents the results of the first casestudy. This casestudy was carried out in an 

orthopedie department of a large hospital. The management of this hospita! was interested in 

implcmenting a decision support system for admission planning since some departments were 

not able to achieve an adequate utilization of their resources. 

First, a description of the situation in which the decision support system for actmission 

planning was implemented is presented in this chapter. Second, the predictions regarding the 

availability of beds and operaring time in the future made by the decision support system are 

evaluated. Third, the implementation of the decision support system is described. Attention 

is then paid to comparing the performance of the admission planning function in the old and 

in the new situation. Subsequently, a qualitative evaluation of the decision support system is 

presented. Finally, a summary of the main conclusions derived from this case study is 

presented. 

5.1 Description of the situation 

This section describes the environment in which the decision support system is implemented. 

First, the orthopedie department is described in terms of patient flows and resources. Second, 

the way in which admission planning takes place in this department is descri bed. To conclude, 

the problem areas regarding admission planning are identified. 

5.1.1 The orthopedie department 

Three specialists are employed in the orthopedie department Each of these specialists has his 

own waiting list of patients. The fact that each specialist has his own waiting list influences 

the choîces that can be made regarding the admission of patients. It is not possible to admit 

a patient for one specialist if this patient has already been placed on the waiting list for 

another specialist. The waiting list of every specialist differs in length as well as in type and 

number of diagnoses. 

Yearly about 1500 patients are treated. More then 90% of these patients undergo one or more 

operations. Most of these patients are admitted into the hospita! for the implantation of a hip 

prosthesis or an arthroscopy of the knee. In this hospita!, back operations are performed 

primarily by the neurosurgeons. 
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The orthopedie department bas 35 beds, divided over two wards. One ward with 30 beds is 

used solely by the orthopedie department Five beds in another ward are also used by the 

orthopedie department. Any of the patients may be placed in either ward. 

Each specialist is provided with a eertaio amount of operating time per week. In Table 5.1 

the operaring schedule for all three of the specialists is presented. 

* 

Monday Tuesday Wednesday Thursday Friday 

480 480* 240 

2 480 480* 240 

480* 240 

Table 5.1: Operating time in minutesper day per specialist 

on Wednesday two operating rooms are available, each for 480 minutes. The operating schedule 
depends on the number of the week. For example, in weck I specialist I and specialist 2 have an 

operating session on Wednesday and in weck 2 specialist 2 and specialist 3 have a session on 
Wcdnesday. 

5.1.2 Admission planning 

In this section it is described in which way the actmission planning was done before the start 

of the project. This knowledge of the way in which the actmission planning was done was 

gained via structured interviews with one of the specialists, the head of the actmission 

planning department, the head of the operating department and the head of the nursing 

department. In a later phase, the secretaries of the orthopedie specialists and the head of the 
orthopedie wards also were interviewed. In addition, the activities at the actmission planning 

department were observed for several days. 

Traditional admission procedure 

The selection of patients to be admitted into hospital was performed primarily by the 

secretaries of the specialists. Firstly, the appointments with individual patients which were 

made in an earlier stage were included in the initial admission proposal for the coming week. 

Subsequently, patients whohad indicated that they preferred short term treatment were added 

to this actmission proposal. If operating time was still available, the initial admission proposal 

was completed with patients with a high urgency or patients that already had waited for a 
long time. 

Two to four days before the day of the operation (most of the time equivalent to one to three 
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days before the day of admission), the initia! admission proposal was checked against the 

availability of beds and operating time and the preferences of the orthopedie specialists. The 

check against the availability of beds was done on the basis of a list of expected available 

beds in the near future which was prepared by the head of the ward. The check against the 

availability of operating time was performed by the specialists based upon their knowledge 

about the time they need for an operation. 

Emergency admissions 

To be able to admit emergency patients, an effort was made to keep (reserve) two beds 

available: one bed for rnales and one bed for females. In practice, however, these beds were 

often occupied by elective patients. In the operating theater, two rooms were available for the 

actmission of emergency patients after four o'clock. Capacity was also available during the 

day to admit emergency patients without disturbing the current operating schedule. 

Consultalion with stakeholders 

On a daily basis, the secretaries consulted with the specialists to translate the initia! schedule 

into a final schedule. This final schedule was passed to the heact of the actmission planning 

department on a daily basis. The heact of the actmission planning department then consultect 

with the heacts of the orthopedie warcts to check whether the schedule would cause any 

problems with the workload of the nurses. If there were problems with the final schedule in 

the sense that selectect patients were not available for actmission or the workload of the nurses 

in the wards was too heavy, the heact of the actmission planning department consulted with 

the specialists. In consultation with the specialists, other patients were then selected for 

actmission. 

If a patient was expected to neect extra blood cturing surgery, the specialist ordered the 

requirect amount of blood. If a pmsthesis was neected, the specialist ordered this pmsthesis 

via the head of the operating theater. 

The head of the operating theater was not consulted about the available operating time. 

lnformation used in the admission planning process 

The following in formation was used during the course of this admission planning procedure: 

a list of the expected available bects in the near future, produced on a daily basis by the 

head of each warct; 

the actmission registration form. This is a form which is completed at the time a patient 

is placed on the waiting list. This form includes patient information and information 
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an estimation of the nursing workload, made by the head of the ward; 

an estimation of the required operating time, made by the specialist. 
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5.1.3 Problem areas 

Occassional problems arose due to the way in which the admission planning was performed 

before the decision support system was implemented. From the structured interviews, the 

following problem areas could be identified: 

the available operating time often could not be used efficiently at the end of the week 

because all of the beds were occupied. It is assumed that this problem occurred because 

it was not known how many emergency patients would arrive on a specific day and there 

was a lack of insight into the availability of beds in the future; 

patients were notified of their admission only one day before the actual admission date. 

Because of this, not all patients were available on the scheduled date. This resulted in a 

number of cancellations and ad hoc adjustments to the final schedule; 

a final schedule often had to be revised because the workload in the ward was too heavy. 
According to most of the stakeholders, a main eau se of this problem was the fact that the 

workload of the nurses could not be measured resulting in a situation in which the 
feasibility of the schedule could not be verified in terms of the workload of the nurses. 

Our attention was focused primarily on the first two problem areas in this case study. 

5.2 Predictions 

The decision support model developed for admission planning provides predictions about the 

availability of bed capacity, nursing capacity and operating theater capacity in the future using 

the prediction models developed by Kusters [1988]. Before the decision support model could 

be used, it was necessary to verify that: 

the assumptions on which the predictîon models rely were valid in this particular 
situation, and 

the predictions made on the basis of these models were accurate and reliable enough to 

use for admission planning purposes. 

In this section, we first identify the assumptions which were not valid in this partienlar 

situation and we describe the necessary adjustments made to the models developed by 
Kusters. Second, the results of the evaluation of the predictions are presented. 
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5.2.1 Adjustments to Kusters' s mode Is 

In this case study, two adjustments to Kusters's model were made. 

The first adjustment was that the prediction of the length of stay is not based upon the 

diagnosis of the patient but on the type of operation. This adjustment was made because the 

type of operation is registered on the waiting list form while the diagnosis is not noted. It 

proved to be very difficult in practice to translate a given operation into the corresponding 

diagnosis since the same operation may be used for different diagnoses and one diagnosis 

may lead to different operations. In addition, it appeared that the prediction of the length of 

stay based upon the type of operation seemed to be more reliable than the prediction which 

was based upon the diagnosis. Initial analyses of the varianee of the length of stay based upon 

the type of operation and based upon the diagnosis showed no significant difference between 

the two approaches. The mean weighted varianee per patient (over a total of 1107 patients) 

for predictions on the basis of diagnosis was 56.804. The mean weighted varianee per patient 

for predictions on the basis of operation was 55.086. However, when the upper and lower 5% 

of the data samples in each group were removed, the meao weighted varianee of the length 

of stay for the predictions based upon the type of operation and the gender of the patient was 

considerably smaller (14.415) than the meao weighted varianee of the length of stay for the 

predictions based upon the diagnosis and the gender (18.705). Forthese last calculations we 

used the data for 991 patients out of the total number of 1107 patients. 

A second adjustment to Kusters's model was that the prediction of the duration of an 

operation was based not only upon the type of operation on the patient, but also upon the 

particular specialist. In his study, Kusters assumed that it often was not known which 

specialist would operate on a patient. However, in this department it was always known which 

specialist was scheduled to operate on a specific patient. In addition, an analysis of the 

duration of operations in the past showed that the time required to perform an operation not 

only depended upon the type of operation, but also upon the specialist. 

5.2.2 Performance of the prediction models 

All of the changes in the patient data and the capacity data were registered by the decision 

support system to provide a basis for evaluating the performance of the prediction models. 

Using this data and a computer simulation model, it was possible to compare the actual 

utilization of the resources with the predictions of the resource utilization. In this section we 

will show the results of the evaluation of the prediction model for the future bed availability. 

Prediefion model for the future bed availahility 

The future bed availability model of Kusters [ 1988] prediets the number of beds available at 
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some time in the future. Starting with the number of available beds on day t one can find the 

expected number of available beds on day t+y by predicting the changes. These changes are: 

a) the number of waiting list admissions on the days t+ l, ... ,t+y-1; 

b) the number of emergency admissions on the days t+l, ... ,t+y; 

c) the number of discharges on the days t+l, ... ,t+y. 

This latter term is composed of the following factors: 

1) the number of discharges out of the patients present on day t; 

2) the number of discharges out of the emergency patients admitted on day t+ l, ... ,t+y; 

3) the number of discharges out of the waiting list patients admitted on day t+l, ... ,t+y-1. 

Depending upon the purpose for which the decision support system for actmission planning 

is used, the patients may or may not be known who wîll be admitted during the period from 

the time at which the predierion is made to the day in the future for which the prediction is 

being made. If the decision support model is used to support the planner in making admission 

decisions for a long period in advance, it is assumed that the admissions for the coming days 

are already known. If the decision support model is used only to gain insights into the 

consequences of actmission decisions for the next couple of days, however, it can be assumed 

that the admissions for these days are not yet known. In this section we will evaluate the 

performance of the predierion models in both situations. 

First, the expected number of occupied beds must be determined in order to predict the 

number of available beds in the future. The expected number of occupied beds is then 

subtracted from the total number of beds. A comparison of the actual number of available 

beds with the predicted number of available beds provides a measure of the "fit" between 

predierion and reality. The prediction of the number of available beds in the future is carried 

out separately for male and female beds. Since the number of male and female beds in this 

department is not fixed, the expected number of occupied beds (instead of available beds) for 

each gender are compared with the actual number of occupied beds for each gender. 

To measure the "fit" between the predictions and the actual data we calculated the correlation 

coefficient, the determination coefficient, the average prediction error (APE) and the standard 

deviation of the predierion error (SDPE). The results of these calculations for rnales are 

presented in Table 5.2 for the predictions made 1 to 7 days in advance, assuming that the 

admissions for the coming period are not known. Table 5.3 presents the results of these 

calculations for females, also assuming that the admissions for the coming period are not 

known. Tables 5.4 and 5.5 present the same type of data for the situation in which the 

admissions for the coming period are known. The data on which Tables 5.2 through 5.5 are 

based can be found in Appendix A. 
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x R R2 APE SDPE 

I 0.86 0.74 0.067 1.233 
2 0.72 0.52 0.149 1.555 
3 0.61 0.37 0.299 1.683 
4 0.49 0.24 0.284 1.776 
5 0.41 0.17 0.233 1.787 
6 0.25 0.06 0.193 1.885 
7 0.02 0.01 0.004 2.038 

Table 5.2: "Fit" between the predictions and the actual situation for rnales when the admissions in the coming period 

were not known 

x R R2 APE SDPE 

! 

I 0.74 0.55 0.342 1.412 
2 0.64 0.41 0.576 1.611 
3 0.64 0.40 0.857 1.586 
4 0.64 0.40 1.002 1.566 
5 0.64 0.41 1.176 1.465 
6 0.64 0.42 1.370 1.401 
7 0.74 0.55 1.315 1.154 

Table 5.3: "Fit" between the predictîons and the actual situation for females whcn the admissions in the coming 

period were not known 

x R R2 APE SDPE 

l 0.90 0.82 0.067 1.233 
2 0.83 0.69 0.041 1.604 
3 0.77 0.59 0.082 1.825 
4 0.70 0.48 0.044 2.050 
5 0.65 0.43 0.015 2.143 
6 0.57 0.32 -0.024 2.344 
7 0.31 0.09 -0.247 2.453 

Table 5.4: "Fit" between the predie ti ons and the actual situation formales when the admissions for the coming period 

wcrc known 

53 



Chapter 5 

I x R R2 APE SDPE 

1 0.80 0.64 0.342 1.412 
2 0.73 0.53 0.483 1.612 
3 0.74 0.55 0.700 1.590 
4 0.75 0.56 0.734 1.587 
5 0.76 0.58 0.759 1.540 
6 0.76 0.58 0.834 1.579 
7 0.75 0.57 0.644 1.506 

Table 5.5: "Fit" between the predictions and !he actuni situation for females when !he admissions for !he coming 

period were known 

In the Tables 5.2 through 5.5: 

x = number of days in advance for the prediction of the number of occupied beds 

R = correlation coefficient 
R2 = coefficient of determination 
APE = average prediction error 
SDPE = standard deviation prediction error 

From Tables 5.2 through 5.5 it can be concluded that the "fit" between the predictions and 

the actual data is: 
moderate for predictions made for rnales for 1 to 2 days in advance when the 

admissions in the coming period were not known, 

moderate for predictions made for females for 1 or 7 days in advance when the 

admissions in the coming period were nog known, 
quite good for predictions made for rnales for 1 to 3 days in advance when the 

admission in the coming period were known, and 

moderate for predictions made for females for 1 to 7 days in advance when the 

admissions in the coming period were known. 

The "fit" between prediction and actual data is, both for females and for males, better in the 

situation in which the admissions in the coming period are known. The reason for this is that 

when the admissions in the coming period are known, the prediction of the occupancy of the 
beds is based upon more patients whereby individual patient variances from the average 

length of stay are more likely to be smoothed out. The "fit" between predictions and actual 

data for rnales is very poor for predictions made four or more days in advance. This is 

probably due to the small number of beds (6-10) occupied by rnales and the relatively short 

mean length of stay. We can also conclude that the prediction error for females is quit large. 

The reason for this is that the predictions of the length of stay are based upon statistica! data 
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which is two years old. Since the average length of stay tends to deercase each year, it can 

be expected that the predictions made using these data will generally show a higher bed 

occupancy than the actual value. Although we tried to adjust this data in such a way as to 

reduce the average prediction error, this was not completely successful. A better solution 

would have been to collect up-to-date statistica! data regarding the length of stay of patients. 

However, in this hospital it was very difficult to collect this type of information since 

statistica! data about the length of stay of patients was only available once a year for the 

previous year. 

To test whether the predictions for the bed occupancy for a period of 1 to 7 days in advance 

were sufficiently reliable to use as a basis for actmission planning, we used the same measures 

as Kusters used in his thesis [1988]. To calculate these measures the number of occupied beds 

was predicted using a theoretica! overflow poss[bility of 5%. This means that the probability 

predicting more available beds than actually available is 5%. 

Measure 1 was used to test the accuracy of the predictions. This was defined as the standard 

deviation of the prediction error divided by the mean occupancy of the beds. The standard 

deviation of the predietien error is a measure for the varianee of an individual prediction from 

the actual value. By dividing the standard deviation of the predietien error by the mean 

occupancy, an indication of the relative magnitude of the deviation was obtained. In actdition 

to the accuracy of the predictions, the reliability of the predictions is also of importance. 

Measure 2 represents the frequency of which the actual number of occupied beds exceeded 

the predicted number of occupied beds (realized overflow possibility). 

Measure 3 is a measure of the efficiency of the predictions. Efficiency is defined here as the 

fraction of the predicted number of available beds which were actually available. In this 

calculation it is assumed that the total number of beds is equal to the number of occupied 

beds on day 0. As compared to the efficiency calculated by Kusters [1988], the efficiency 

calculated here will tend to be lower. 

In Tables 5.6 and 5.7 the value of the measures was calculated based upon a simulation of 

61 days for which the predictions made by the system are compared with the actual situation. 

The predictions were made assuming that the admissions are known for the period from the 

time at which the prediction is made to the day in the future for which the occupancy is 

predicted. A theoretica] overflow possibility of 5% was used. 
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x Measure l Measure 2 Measure 3 

1 0.19 0.06 0.94 
2 0.23 0.07 0.93 
3 0.26 0.07 0.93 
4 0.28 0.08 0.92 
5 0.27 0.08 0.92 
6 0.29 O.ll 0.90 
7 0.31 0.13 0.87 

Table 5.6: Results of a simulation of 61 days during which the predictions of the number of occupied beds for 

rnales were compared with the actual situadon 

11 C Measure I Measure 2 Measure 3 

1 0.15 0.00 1.00 
2 0.18 0.05 0.95 
3 0.19 0.02 0.98 
4 0.19 0.02 0.98 
5 0.20 0.00 1.00 
6 0.20 0.00 l.OO 
7 0.19 0.00 1.00 

Table 5.7: Results of a simuiadon of 61 days during which the prediedons of the number of occupied beds for 

females were compared with the actual situation 

From the Tables 5.6 and 5.7 we can conetude that the predictions for rnales are less reliable 

than the predictions for females. The efficiency of the predictions for rnales was lower, the 
variances of these predietions were larger (Measure 1) and the predieted number of beds for 

rnales exeeeded the actual number of available beds more frequently. Recalling the results 

summarized in Tables 5.4 and 5.5, the "fit" of the predictions for rnales for 1 to 3 days in 

advance is better than the fit of the predietions for females. This does not necessarily meao 

that the reliability of the predictions for rnales was also higher, however. There are two 

explanations for this phenomenon. Firstly, the number of beds used for rnales is much smaller 

than the number of beds used for females, increasing the likelibood of a larger varianee due 

toa smaller sample size. Secondly, the average predietion error for females was positive. This 

means that the number of available beds for females was mostly underestimated. This explains 
the higher efficiency and the lower value of Measure 2 for the female bed predictions. The 
value of Measure 1 for females, however, is quit high. This means that often a much higher 

bed occupancy is predicted than there actually is. Using these predictions, this will result in 

a deerease in the bed occupancy. Whether such a decreasein bed occupancy is acceptable is 
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to be decided by hospita! management. 

Prediefion model for the required operating time 

We have made predictions of the required operating time for thirty operating sessions and 

compared them with the actual required time. The average prediction error was -4 minutes. 

The standard deviation of the prediction error was 38.5 minutes. The coefficient of correlation 

was 0.94. We can conclude that this prediction model performs quite well. 

5.3 Jmplementation 

In this section the implementation of the decision support system in the orthopedie department 

is descri bed. Firstly, we describe the changes in procedures which were necessary to guarantee 

that the information required as input for the decision support system was available at the 

right place and time. Secondly, the way in which the decision support system was used in the 

admission planning process is described. 

5.3.1 Changes in procedures 

Before an admission schedule is made, the information in the decision support system must 

be up-to-date in order to be able to work effectively. In practice, this means that the history 

of admissions and discharges that have taken place must be known in the system before an 

admission schedule is made. In most hospitals the information about the discharge of patients 

is passed to other departments after the discharge has occurred. This means that: 

a) an admission schedule can be made only after the discharges have been passed on to the 

admission planning department, or 

b) the decision support model must be able to make use of additional information which is 

currently entered on a special form. This form is filled in by the nurses and shows the 

available beds on a specific day. 

Information regarding patients was gathered at two different locations, namely, at the 

admission planning department and at the office of the specialists. To guarantee that all of 

the necessary patient information was available at a central location, it was necessary to make 

agreements about the transferring of information from one location to another. At the start of 

the project, this information was not passed from the admission planning department to the 

office of the specialists and vice versa. This often resulted in admission schedules that could 

not be implemented because the patient either was not available or still had to undergo some 

tests before he could be admitted. 
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5.3.2 Admission planning 

Almost all the infonnation required by the decision support model was available within the 

admission planning department Therefore, it was decided to instaU the decision support 

system in this department even though the admission planning department personnet were not 

responsible for making the admission decisions. This meant that the admission planning 
procedure had to be revised in order to make an admission schedule using the decision 

support model. In the project group in which the main stakeholders of the admission planning 

processin the orthopedie department were involved, three alternative procedures for admission 

planning were developed. The basic idea underlying all of these procedures was that the 

specialist was the person responsible for the admission decisions and thus must approve an 

admission schedule. These three alternatives were: 
1) fora representative of the specialists to visit the admission planning department every day 

and use the decision support model to prepare ao admission schedule for a few days in 

advance; 

2) for ooe of the secretaries to visit the admissioo planning department every day with a 
preliminary admission schedule which she has prepared herself, theo usiog the decision 

support model to revise this schedule. She would subsequently pass the revised schedule 
to the specialists for their approval; 

3) for the head of the admission planning department to make an admission schedule for a 

few days in advance aod theo to pass this schedule on to the specialists. Each specialist 

would subsequeotly decide whether to acceptor change the admissioo schedule. When the 

specialists have already made eertaio appoiotments with patients or prefer to admit eertaio 

patients ahead of others, they can relay this information to the head of the admission 

planning department so that he can take their preferences into account. 
Initially, the project group chose to imptement alternative 1. All three of the specialists 

agreed. In a consultation between the head of the admission planning department and the 

representative of the specialists it was agreed that one of the specialists would visit the 

admission planning department daily betweenone and two o'clock. In practice, however, the 

specialist was almost never able to visit the admission planning department As a result, this 

alternative did not work out. Next, it was recommended that alternative 2 be implemented 

since this alternative was almost the same as the traditional admission planning procedure. 

However, in consultation with the secretanes of the specialists, it was decided not to 

imptement this alternative because they would not have the time to visit the admission 

planning department Finally, the decision was made to imptement alternative 3. In the 

beginning, this alternative also failed because the specialists and the secretaries had already 

made so many appointments with patients that the head of the admission planning department 

could evaluate only the consequences of the schedule. He could not make adjustments to the 
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schedule to ensure that the actmission planning goals could be achieved. Nevertheless, after 

an initia! period, the number of appointments made by the specialists decreased and the head 

of the admission planning department had more freedom to make actmission recommendations. 

The admission recommendations made by the head of the admission planning department on 

the basis of the decision support system were, in most instances, approved by the specialists 

and implemented without changes. 

5.4 Performance measurement 

One of the main objectives of the cases was to determine whether the use of the decision 

support system could lead to an impravement in the performance of the actmission planning 

function. To be able to draw conclusions about the effects of the implementation of the 

deelsion support model, the actmission planning objectives were defined, first. Next, these 

objectives were translated into operational performance indicators. These performance 

indicators then could be measured duringa period prior to the implementation of the decision 

support system and subsequently during a period after the deelsion support system was 

implemented. Ideally, this would result in differences which could be attributed to the 

implementation. However, because actmission planning is part of a real-life process, many 

other changes occurred at the same time within this department Some of these changes also 

affected the perfonnance of the admission planning process. It was necessary to record all of 

these changes in order to be able to make an objective evaluation of the differences in 

perfonnance between the two measurements. 

In the next sections, the determined performance indicators are described first. Second, the 

results of the two measurements of these performance indicators are presented. Subsequently, 

the changes that took place between the first and the second measurements and the effects of 

these changes on the performance are described. To conclude, the differences in performance 

between the first and the second performance measurements are analyzed and conclusions are 

drawn. 

5.4.1 Performance indicators 

In a project group in which the heads of the nursing department, admission planning 

department, operating theater, medica! department, one of the specialists and a staff employee 

of the nursing department participated, the actmission planning objectives were defined. First, 

the main factors determining what is meant by a good actmission planning were identified. 

The following factors were identified by the project group: 

planning the admissions on a weekly basis instead of planning on a daily basis (long 
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range planning); 

reserving enough capacity for emergency patients; 

taldng the configuration of patients in the hospita! into account. The configuration of 

patients in the hospital determines the future occupancy of the beds and the future nursing 

workload. If the configuration of patients in the hospita! is not taken into account this can 

lead to probierus with the occupancy of the operating theater and probierus with the 

actmission of emergency patients; 

optimalization instead of suboptimalization. Instead of planning on the basis of one 

resource, the schedule must contribute to a consistently high occupancy of all the 

potentially scarce resources. 
These factors were subsequently translated into objectives. The project group determined that 

admission planning should contribute to achieving the following objectives: 

a consistently high occupancy of beds, operating time, nurses and specialists; 

a high service rate for emergency patients; 

a high throughput of patients. 

From the last objective the following sub-objectives were derived: 

a limited and equal waiting time for patients in accordance with their diagnosis and 

urgency; 

a limited time between a notification of actmission and the actual actmission date; 
a high, balanced number of treated patients per period. A balanced number of patients 

treated per period means that the frequency of diagnoses for treated patients must equal 
the frequency of diagnoses for patients on the waiting list. 

These objectives were translated into performance indicators. Table 5.8 provides a summary 

of the performance indicators used to measure the achievement of the objectives described 

above. 

The starting point for calculating the occupancy rate of the operating theater time was the 

available operating time allocated to the specialists on the basis of the operating schedule (see 

Table 5.1). This schedule was made once per eight weeks and took planned absence of 

specialists or operating personnel into account. However, absence due to illness was not taken 
into account. The starting point for calculating the occupancy rate of the beds was a list on 

which the occupied beds for every specialism and every ward were noted each day at 

midnight. 

5.4.2 Measurement of the performance indicators 

This section summarizes the results of the two performance measurements. 

The first performance measurement took place in June, 1991. The head of the actmission 
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Objectives Perfonnance indicators 

A consistently high occupancy of the beds - mean occupancy rate of the beds 
- standard deviation of thc occupancy rate of 

the beds 

A consistently high occupancy of the - mean occupancy rate of thc operating time 
operating room - standard deviation of the occupancy rate of 

the operating time 

A high service rate for emergency patients - # emergency patients admitted in a ortho-
pedic ward 

- # emergency patients admitted in a ward 
belonging to another specialism 

A limited and equal patient waiting time - mean patient waiting time (per diagnosis 
and total) 

- standard deviation patient waiting time (per 
diagnosis and total) 

A lirnited time between a notitïcation of - # patients with an appointment made three 
actmission and thc actual actmission date or more days prior to the actmission date 

- # patients with an appointment made less 
than three days prior to the actmission date 

- # patients without an appointment receiving 
a notHïcation of actmission three or more 
days prior to !heir actmission date 

- # patients without an appointment receiving 
a notilïcation of admission Iess than three 
days prior to their actmission date 

A high, balanced numbcr of trcatcd paticnts - # admittcd patients per period 
per pcriod 

Table 5.8: Actmission planning objectives tmd the a.~sociated performance indicators 

planning department kept track of the number of patients admitted during this month on a 

form developed for this purpose. Forms were also designed for keeping track of: 

a) the waiting time of patients admitted during this month, 

b) whether a patient admitted in this month had an appointment or not, and 

c) the placement of emergency patients. 

For the calculation of the occupancy of the operating time, the operation registration forms 

used in the operating department were used. For the calculation of the occupancy of the beds 

the so-called "ST AT6" list was used.The second measurement of the performance indicators 

was carried out a year later in June, 1992. The logging facility of the decision support system 

was used to detennine the waiting time of the patients admitted in this montl1 and to count 
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the number of patients admitted during this month who had an appointment for this actmission 

which had been made three or more days prior to the actual actmission date. For the 
calculation of the mean value and varianee of the occupancy of the operating time the 

operation registration forms were used as before. For the calculation of the mean value and 
varianee of the occupancy of the beds, the "STAT6" list was used rogether with data from the 

logging facility of the decision support system. 

The data on which the calculations of the mean occupancy of the operation time and the mean 

occupancy of the beds are based, can be found in Appendix A. 
The results of the performance measurements can be found in Tables 5.9 and 5.10. In these 

Tables we did not include the performance indicators for a limited and equal patient waiting 

time since the patient waiting times differed enormously between specialists. During the first 

measurement we did not register which patient belonged to which specialist, so an analysis 
of the patient waiting times per specialist could not be made. In Table 5.9 the occupancy of 

the beds is represented in two ways. The first figure gives the occupancy of the beds taking 

all of the data into account. The second figure represents the occupancy of the beds only for 
weekdays (i.e., excluding weekends). The same types of calculations have been made for the 

standard deviation of the occupancy of the beds. The two values for the operation room 

occupancy for the second measurement represent two different methods of calculation. Each 

Friday, the operating schedule provides an opportunity for using more operating time than the 

time which was allocated to the specialist. During the period in which the second 

measurement took place, the specialists made use of this opportunity to schedule additional 

operating time on several occasions. The first figure in Table 5.9 represents the result of 
calculating the occupancy of the operating time using the time allocated to each specialist. 

The second figure represents the result of calculating the operaring theater occupancy on the 
basis of the allocated time plus the extra time which was available on Friday. The number 

of patients with an appointment arealso included in Table 5.9. It is apparent that the number 

of patients with an appointment was significantly higher during the second measuring period. 

The number of patients with an appointment did increase, but not to the extent shown in this 

table. This is due to the fact that the registration in the decision support system did not 

distinguish between patients with an appointment and patients which were given notice of 

their actmission date three or more days prior to the actual actmission date. 

5.4.3 Changes 

Hospital organizations change continually. To ensure the validity of comparing the results of 

the performance measurements, it was necessary to keep track of the other changes which 
took place during the period between the two measurements and to estimate the effect of 

these changes on the performance of the admission planning function. 
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Performance indicator First Second 
measurement measurement 

Mean occupancy of the operating time 81.3% 99.0 % I 95.3 % 

Standard deviation of the occupancy of the 18.9% 22.5 %I 12.0 % 
operating time 

Mean occupancy of the beds 76.2% I 80.1 % 73.2% I 76.1 % 

Standard deviation of the occupancy of the beds 9.1 %I 6.9% 13.4 %I 14.1 % 

# emergency patients admitted in the orthopedie 2 13 
ward 

# emergency patients admittcd in a ward belon- 1 0 
ging to another specialism 

# patients with an appointment made three or 3 84 
more days in advance 

# paticnts with an appointmcnt made less than 6 
three days in advancc 

# patients without an appointmcnt given noticc 0 
of thcir actmission three or more days prior to 
the actual actmission date 

# patients without an appointment given notice 103 55 
of thcir actmission lcss than three days prior to 
thc actual actmission date 

Table 5.9: Results of tlle performance mcasuremcnts 

Four significant changes took place in the orthopedie department during the period between 

the two measurements. 

The first change that took place was that the five orthopedie beds used in another ward were 

no longer available for use by all of the orthopedie patients, but only for patients who could 

be admitted On the Day of the Operation (so-called "odo" patients) and for whom the length 

of stay was five days or less. This change had a number of effects. Firstly, this change led 

to an increase in the number of patients admitted on the day of the operation and, thus, to a 

reduction of the occupancy of the beds used by these patients. Every "odo" patient needs oP.e 

less bed-day than a similar non-"odo"-patient. Secondly, this change meant that there was less 

capacity available for the patients with more severe diagnoses since they only could make use 

of the 30 beds in the other ward. This also meant that it was more difficult to fully occupy 

the operating time on some occassions si nee most of the patients with a length of stay of Ie ss 
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Operation First Second . 11 

measurement measurement 

Arthroscopy of the knee 48 56 

Arthroscopy of the wrist l 2 

Arthroscopy of the shoulder 1 0 

Pmsthesis of the hip (including fractures of the 13 25 
hip) 

Hammertoe 8 4 

1 Spondylodesis 2 3 

Cross ligament plastic 2 0 

Pmsthesis of the knee 1 2 

Pmsthesis of the ankle ligament 1 I 

Other (mostly small) operations 40 46 
( osteotomies, arthrotomies) 

Table 5.10: Number of patients treated during each measuring period 

than five days only needed half an hour of operaring time. 

The second change that took place was an expansion of the nursing capacity in the orthopedie 

ward which had 30 beds. We estimate that the effect of this change was very small since the 

workload in this ward also increased due to the fact that only the more severe patients were 

admitted to this wardas stated above.The third change that took place was that the heads of 

the wards became responsible for maintaining a satisfactory utilization of their own resources. 

This change led to an increase in the willingness of the heads of the wards to admit patients 

from other departments. This especially affected the service rate for emergency patients since 

they were generally the only patients admitted to other wards. However, rometimes it also 

happened that elective patients were admitted to other wards. In such cases, the occupancy 

of the operaring room was also affected. 

The fourth change was the increased use of "oda" patients (One-Day-Admission patients). 

These are patients who are operated and discharged on the day they are admitted. The effect 

of the increase in the number of "oda" patients was similar to the effect of the increase in 

"odo" patients. 
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5AA Conclusions 

When the first measurement of the performance indicators is compared with the second 
measurement of the performance indicators, it can be concluded that the occupancy of the 

operating time increased by 17,2% (from 81,3% to 95,3 %). This difference in performance 

proved to be significant with a probability of more than 99 %, since the outcome of the 

"Two-sample" test of Wilcoxon was 413 for T1 (n1 = 22 and n2). 

The increase in the occupancy of the operating time was accompanied by a 5% decrease in 

the occupancy of the beds (weekends excluded from the calculation) and an increase of 12. 
% in the number of treated patients, however. The difference in the occupancy of the beds 

proved to be insignificant. The outcome of the "Two-sample" test of Wilcoxon was 982 for 

T1 (n1 = 30 and n2 = 30). 

The increase in occupancy of the operating time is due, to a extent, to a better planning 
of the admissions. However, the fact that the long-stay ward was given extra personnel also 

could have had a slight influence on this increase. In addition, the addition of five beds to the 

short-stay unit in the other ward resolved the problems with personnel in this ward. 

It is striking to see that a relatively large increase in the occupancy of the operaring time is 

accompanied by a smaller decrease in the occupancy of the beds. An initial explanation for 

this phenomenon could be that a change in the mix of patients has occurred. A comparison 

of the mix of patients in both periods does not substantiate this fact, however. A further 

explanation of this phenomenon could be that the occupancy of the beds at the beginning of 

the period in which the performance indicators were measured was so poor that this 
significantly influenced the reliability of the mean occupancy of the beds in the total period. 

The data regarding the occupancy of the beds in the period indeed supports this hypothesis 

(see Appendix A). We can make the condusion from this data that the length of stay of 

patients decreased somewhat. In addition, the introduetion of one-day admissions and 

admissions on the day of operation have also reduced the mean length of stay of patients. 

During the period in which the second measurement of the perfonnance indicators took place, 

58 patients were admitted on the same day as the day on which they were operated. The 

admission of these patients required 58 bed-days less than would have been required during 

the period in which the first measurement took place. This is equivalent to a decrease in the 

occupancy of the beds of 58/30 2 beds during the whole month. This explains a difference 

of 5.7% in the occupancy of the beds. In addition, also the average lengthof stay for all the 

patients taken tagether is decreased. 
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5.5 Evaluation of the system design 

In this section the decision support system is evaluated based upon a number of qualitative 
criteria. Attention is paid to the user friendliness of the system, the information provided by 

the system, the flexibility of the system. the ease-of-use and the "fit" of the system to the user 

environment. 

User friendliness 

The user friendliness of the system was not completely satisfactory. This can be attributed 
partly to the fact that the decision support system was implemenred as a stand-alone system. 
Since there was no link between the decision support system for admission planning and the 

hospita) information system, a eertaio amount of data had to be entered twice. This was a 

time-consuming process, taking betweenone to two hours each day. 

Another factor that restricted the user friendliness of the system was the fact that a parient in 

the system could only be identified on the basis of his patient number. The padent numbers 
were not always known in practice and, thus, had to be looked up in the hospita! information 

system. The users would have preferred identifying a patient on the basis of his/her last name 

and birth date. 
Also the response time of the system was poor when the list of patients to be admitted into 
the hospital on a specific day was generated. This meant that the system was used primarily 

to establish an initial admission schedule and generally not used to take a quick look at the 

consequences of changes subsequently made to this initial schedule. 

lnformation provided by the system 

The information provided by the system represented the complete set of information 

considered to be necessary for making an admission decision. The way in which the 

information was presented to the user was also found to be satisfactory. 

F lexibility 
The flexilibility ofthe system was seen as being satisfactory. One situation could be identified 

in which the flexibility of the system appeared to be insufficient. This was the case when one 

padent was put on the waiting list by two specialists. In this version of the system it is not 

possible to put a patient on the waiting list more than once. When the system is used for only 

one specialism, this is not a serious drawback since it seldom happens that a patient needs 
to be put on the waiting list twice for the same specialism. 
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Ease-of-use 

The actmission planner could work quite wel! with the decision support system for actmission 

planning. For some of the other employees within the actmission planning department it was 

sometimes difficult to interpret the predictions of the occupancy of the beds and the operaring 

theater. 

The "fit" of the system in the user environment 

During the project some modifications were made to the decision support system to ensure 

that there was a good "fit" between the system and the user environment. 

5.6 Conclusions 

This chapter has described how the implementation and testing of a decision support system 

for actmission planning was carried out in an orthopedie department of a large hospita!. 

This casestudy illustrates that the fit between the predicted bed occupancy and the actual bed 

occupancy was quite good for rnales for predictions made 1 to 3 days in advance. The fit 

between the predicted bed occupancy and the actual bed occupancy for females was moderate 

for predictions made 1 to 7 days in advance when the admissions in the coming period were 

known. The average prediction error for females was quite large, however. In this respect we 

stated that the predictions of the bed occupancy for females probably could be improved by 

using more up-to-date data. 

This case study also shows that the performance of the actmission planner can be improved 

through the use of this decision support system. Nevertheless, it remains difficult to prove 

whether this impravement can be attributed fully to the introduetion of the system in view of 

the other changes which also took place. 

Regarding the qualitative aspect of the system, the user friendliness of the system appeared 

to be the only factor which needed significant improvement. Improving the user friendliness 

of the system could be achieved by linking the system with the hospita! information system, 

running the program on a mainframe (to improve the response time) and making it possible 

to identify a patient using his last name and birth date. 
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Orthopedies 2 

Case 2 was also carried out in an orthopedie department. However, in contrast with the 

orthopedie department in Case 1, this situation involved an orthopedie department in a small 

hospita!. Although we only used the decision support system as a shadow system fora short 

period of time, a description of the case is still useful because it illustrates a situation in 

which use of the system probably would not contribute significantly to a better performance 

of the actmission planning function. In addition, this case study also shows that Kusters's 

prediction models can also be used in a small hospita!. 

6.1 Description of the situation 

In this section a description of the orthopedie department in which the decision support 

system was implemented is presented. Special attention is paid to the way in which the 

admissions were planned and to the main problem areas with respect to this process. 

6.1.1 The orthopedie department 

Three specialists are employed in the orthopedie department. Approximately 900 patients are 

treated yearly. 

The patients in the orthopedie department make use of beds in five different wards. A ward 

on the sixth floor of the hospita! is used for long-stay patients of the orthopedie, surgical and 

urological departments. In this ward, thirty-nine beds are available. Nineteen of these beds 

can be used by orthopedie patients. 

A ward on the fourth floor is used for patients with a length of stay of less than five days. 

This ward is used by every specialism in the hospita! and is closed during the weekends. 

There is no allocation of beds among specialisms in this ward. In practice, patients of the 

orthopedie department occupy an average of approximately nine beds a day. The number of 

occupied beds, however, varies enormously from day to day. 

Patients of the orthopedie department sametimes make use of beds on the fifth floor. The fifth 

floor beds are used for patients with an infection. The beds used on the fifth floor are 

subtracted from the beds available on the sixth floor. 

Children admitted to the orthopedie department make use of a special ward for children on 

the second floor of the hospita!. 

Nursing capacity is not allocated to patiellts according totheir specific department A certain 
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amount of nursing capacity is allocated to each ward, instead. This capacity is used for all of 

the patients in the ward. 

A block schedule is used in this hospita) to allocate operating time to the individual 

specialists. This schedule provides an overview of which specialist is assigned to which 

operating room and for which sessions. Two sessions per operating room are scheduled in this 

hospital: a moming session from 8:00 a.m. - 11 :45 a.m. and an aftemoon session from 12:45 

p.m. - 4:30 p.m.. The operating times assigned to each of the orthopedie specialists are 
presented in Table 6.1. 

Specialist Monday Tuesday Wednesday Thursday Friday 

1 225 - 225 225 -

2 - 225 225 - 285 

3 225 225 - 225 -

Table 6.1: Operating time per specialist 

6.1.2 Admission planning 

This section describes the way in which the admission planning was done in the orthopedie 

department at the start of the project. Insights into the admission planning process were 
gained by holding structured interviews with the secretary of the specialists, the specialists 

themselves and the heads of one of the wards, the admission planning department and the 

operating theater. 

Traditional admission procedure 

A patient was put on the waiting list at the moment a specialist decided that this patient 

needed to be admitted into the hospita!. At that moment an admission form was completed. 

This form contained the personal data of the patient, his diagnosis, any peculiarities or 

abnormalities and patient preferences regarding his admission. The urgency status of the 

patient was also entered on this form. The urgency of a patient dictated in which period the 

patient had to be admitted into the hospital and, thus, determined the degrees of freedom an 
admission planner had. 

Using this information on the admission forms, the secretary of the specialists then prepared 

cards which were placed on a planning board. She noted the name, diagnosis and date on 

which the patient was put at the waiting list on these cards. Each specialist had bis own 
waiting list. Waiting lists for children, day-admissions or short-stay admissions and long-stay 
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admissions were maintained per specialist on the planning board. Also, a list of urgent 

patients was kept. 

Once each week (on Wednesday), the secretary of one of the orthopedie specialists prepared 

an actmission recommendation for the coming week. In making this recommendation she took 

into account the waiting time of patients, the ward in which they should be admitted, a global 

estimate of the eperating time on the patients and a number of restrictions with respect to the 

operating schedule. Patients with the longest time on the waiting list were admitted first. The 

primary objective was to keep the beds occupied in the long-stay ward. Patients to be 

admitted in the long-stay ward (sixth floor), therefore, formed the basis of an actmission 

schedule. A maximum of fifteen patients with a hip prosthesis may be admitted to the long

stay ward. Generally only one back operatien was performed in each week. The remaining 

operating time was filled up with patients who could be admitted to the short-stay ward. The 

secretary tried to balance the number of patients admitted to the short-stay ward and the long

stay ward. For every block of eperating time, usually one patient was admitted to the long

stay unit and one or two patients to the short-stay unit. 

The secretary also scheduled the outpatients who. needed to undergo an operation. The 

operations for outpatients were also performed in the eperating theater belonging to the 

inpatient department of the hospital. The number of outpatients treated per eperating session 

was reported to the head of the actmission planning department The head of the actmission 

planning department assumed that each outpatient operatien took half an hour. 

In making an actmission recommendation a number of restrictions needed to be taken into 

account. For example, it was not possible to perform more than three arthroscopies during one 

eperating session since only a limited number of instruments were available. When short-stay 

patients were admitted, a sufficient number of beds had to be available forthem in the short

stay unit. The secretary assumed that 5 short-stay patients could be admitted each day. 

The scheduling of patients who had to undergo a discography was discussed with the X-ray 

department In practice, three patients with a discography were admitted on every second 

Tuesday. However, this was not treated as a regular appointment. 

Major back operations were scheduled more than a week in advance since they require a long 

preparatien time. 

When the actmission recommendation for the coming week was prepared, it was passed to the 

head of the actmission planning department A check was made to determine whether the 

necessary beds were actually available a day prior to the actmission of the patients. The final 
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decision of whether to admit a patient depended on the availability of a bed. When the 

admission of a patient needed to be cancelled or a patient could be added to the admission 

recommendation, the secretary was consulted. If a patient could be admitted, the data on his 

admission form were checked. The patient was then called in for admission, when all of the 

data was approved. 

Emergency admissions 

The head of the admission planning department tried to reserve two beds per ward for 

emergency admissions. These beds were often occupied by scheduled patients, however, since 

specialists feared that patients of other specialisms might occupy their beds. When no beds 

were available in the hospita!, emergency patients were not accepted. 

There was no special room for emergency operations within the operating theater. Ernergency 

operadons were performed during the normal schedule. Nevertheless, there was one room 

available for emergency operations during the night. 

Consultalion with stakeholders 

The secretary of one of the specialists contacted the head of the actmission planning 

department on a daily basis to ctiscuss changes in the admission recommendation. There was 

also communication between the secretary and the head of the actmission planning department 

in the case of emergency arrivals. 

The secretary contacted the heads of the wards once each week to find out how many patients 

were still in the ward. The secretary also consulted with the specialists. The specialists 

notified her of any special wishes regarding the admission recommendation for the coming 

week. Most of the time, however, there were no special requirements. 

Once a week (on Thursday) the heact of the admission planning department consulted with 

the head of the operating theater to evaluate the actmission recommendation for the coming 

week. The admission recommendation was evaluated based upon the following criteria: 

- the number of arthroscopied during each operating session; 

- the number of patients with leg fractures, since there was only one operating table available 

for this type of patient; 

- the availability of operating supplies; 

- the probability of exceeding the available time; 

- the distribution of operations over the days of the week. The head of the operating theater 

tried to achieve an even distribution of operations over the days of the week. 

If the admission recommendation was rejected, the head of the admission planning department 

then made changes as necessary to this recommendation. 
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Each day, the head of the actmission planning department reported to the heads of the wards 

the patients to be admitted to the wards on the next day. The heads of the wards informed the 

head of the actmission planning department regarding the expected discharges in the coming 

three to four days. 

lnformation used in the admission planning process 

The following information was used to prepare an actmission schedule: 

restrictions regarding the configuration of an operation schedule; 

data from the actmission form; 

- an estimation of the availability of beds in the near future made by the heads of the wards; 

an estimation of the requirect operating time made by the heact of the operating theater. 

6.1.3 Problem areas 

During the interviews, all of the stakeholcters admitted that there were practically no probierus 

regarding the actmission planning function. However, the secretary of the specialists who 

preparect the actmission recommenctation stated that the actmission recommenctation was 

subject to many changes in practice. These changes occurred, because: 

- patients ctid not want to be admittect on the day they were scheduled for admission; 

- patients coulct not be reached by phone; 

- some data regarding patient preferences were not known to the secretary; 

- there were not enough beds available; 

- patients did not show up for actmission. 

The fact that data regarcting the patient preferences was not known to the secretary was due 

to the fact that this information was kept by the actmission planning department This 

information was not passect to the secretary of the specialists. 

The fact that an insufficient number of beds were available on some occassions was caused 

by the fact that the secretary ctid not take the available beds into account when she prepared 

an actmission recommendation. Emergency actmissions could also ctisrupt the schectule. An 

actdition problem was that actmission recommendations were prepared about a week in 

actvance, but the patients were notifiect of their actmission only one day before the actual 

admission date. The heads of the wards also knew just one day before the admission day 

which patients they could expect. In the future it would be preferabie to make appointments 

with patients more frequently. 

Another problem was the fact that there was no information included on the waiting list form 

regarding whether infection was to be expected. Th is was important information since patients 

with an infection needed more operating time and could not be admitted to the regular long

stay ward. 
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6.2 Predictions 

In this department all of the required input data was entered into the decision support system. 

Subsequently, the decision support system was used as a shadow system fora period of six 

months. Carrying out these two activities provided us with enough insights and data to 

determine whether: 
1) the prediction models developed by Kusters [1988] could be adjusted to this partienlar 

situation, and 

2) the predictions of the length of stay confirmed with the actual situation and would be 

reliable enough to use for admission planning purposes. 

6.2.1 Adjustments to Kusters's models 

Three adjustments to Kusters's model were made in this case. 

The first adjustment made to Kusters's model was the fact that aprediction of the lengthof 

stay was based upon the type of operation insteadof the padent's diagnosis. The reason for 
this was that the diagnosis was not entered on the admission form and the personnel of the 

admission planning department had difficulties translating types of operation into diagnoses 
since the same type of operation may be used for different diagnoses and one diagnosis may 
lead to different types of operation. 

A second adjustment was that the prediction of the required operating time per operation 

schedule was not only based upon the types of operations that had to be performed but also 

upon the specialist scheduled to perform the operation. In this situation it was always known 

which specialist operated on which patient and, therefore, it was possible to make allowances 

for the specialist who was scheduled to perform the operation. 

The thirth and last adjustment was that we not only made separate predictions for rnales and 

females, but also for the different wards. The ward in which a patient was admitted depended 
upon the type of operation and the age of the patient. Not every patient could be admitted in 

every ward, so the type of ward in which a patient could be admitted had to be determined. 

6.2.2 Performance of the prediction models 

Only the prediction model for the future bed availability is evaluated in this section since this 

is the only model for which sufficient data was available. The evaluation of this prediction 

model took place in the same way as described in Section 5.2.2, except that emergency 
admissions were not taken into account. 

Tables 6.2 and 6.3 show the coefficients of correlation for the prediction of the bed 
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availability for rnales and females for the situation in which the admissions in the coming 

period are unknown. Tables 6.4 and 6.5 show the same results for the situation in which the 

admissions in the coming period are known (and taken into account). The data on which 

Tables 6.2 through 6.5 rely can be found in appendix B. 

Tables 6.6 and 6.7 show the values of the three measures described in Section 5.2.2. These 

values were calculated using a 60-days simulation in which the predictions of the number of 

occupied beds were compared with the actual situation. 

x R R2 APE SDPE 

I 0.85 0.72 -0.059 0.609 
2 0.74 0.55 -0.098 0.744 
3 0.69 0.47 -0.099 0.775 
4 0.65 0.42 -0.084 0.830 
5 0.57 0.32 -0.037 0.926 
6 0.53 0.28 -0.017 0.950 
7 0.37 0.14 0.072 1.060 

Tablc 6.2: "Fit" between prcdictions and actual data for rnales when tbe admissions in tbe coming period are not 

known 

x R R2 APE SDPE 

I 0.95 0.90 0.063 0.965 
2 0.79 0.63 -0.048 2.002 
3 0.85 0.73 0.249 1.563 
4 0.82 0.68 0.315 1.669 
5 0.80 0.63 0.410 1.743 
6 0.77 0.59 0.513 1.772 
7 0.74 0.54 0.739 1.900 

Table 6.3: "Fit" between predie ti ons and actual data for females when tbe admissions in tbe coming period are not 

known 
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1 
2 
3 
4 
5 
6 
7 

R 

0.84 
0.74 
0.68 
0.58 
0.42 
0.32 
0.18 

R2 

0.71 
0.55 
0.47 
0.33 
0.18 
0.10 
0.03 

Chapter 6 

APE 

-0.043 0.641 
-0.118 0.799 
-0.160 0.862 
-0.187 0.956 
-0.189 1.098 
-0.219 l.l92 
-0.181 1.401 

Table 6.4: "Fit" between predictions and actual data for rnales when the admissions in the corning period are 

known 

x R R2 APE SDPE 

l 0.95 0.91 0.063 0.965 
2 0.92 0.85 0.125 1.268 
3 0.88 0.78 0.213 1.565 
4 0.87 0.76 0.260 1.663 
5 0.86 0.74 0.349 1.761 
6 0.85 0.74 0.446 1.825 
7 0.84 0.70 0.680 1.964 

Table 6.5: "Fit" between predictions and actual data for fernales when thc admissions in the corning period are 

known 

x Measure I Measure 2 ·~- ':l 

l 0.14 0.05 0.96 
2 0.17 0.05 0.96 
3 0.18 0.05 0.95 
4 0.19 0.08 0.93 
5 0.22 0.12 0.89 
6 0.23 0.14 0.86 
7 0.28 0.15 0.86 

Table 6.6: Results of a sirnulation of 60 days during which the predictions of the nurnber of occupied beds for 
rnales were cornpared with the actual situation 
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x Measure 1 Measure 2 Measure 3 

1 0.09 0.00 1.00 
2 0.12 0.01 0.99 
3 0.15 0.03 0.97 
4 0.16 0.03 0.97 
5 0.17 0.00 1.00 
6 0.18 0.00 1.00 
7 0.19 0.00 1.00 

Table 6.7: ResuiL~ of a simulation of 60 days during which the predictions of the number of occupied beds for 

females were compared with the actual situalion 

From the Tables 6.2 through 6.5 it can be concluded that the fit between the predictions and 

the actual data is: 

- moderate for predictions for rnales made 1 to 2 days in advance, and 

good for predictions for females made 1 to 7 days in advance. 

Seventy percent of the varianee in the number of occupied beds for females was still 

explained by the model when predictions were made 7 days in advance in a situation in which 

the admissions in the coming period were known. 

6.3 lmplementation 

Although the predictions made by the decision support system were found to be satisfactory 

(by the head of the actmission planning department), it was decided not to implcment the 

decision support system. The reasoos for this decision were: 

- the waiting list was very short. This made it extremely difficult to achieve the main 

objective of providing patients with an earlier notification of their respective actmission 

dates; 

- the decision support system was not able to provide the same flexibility as in the current 

situation. It provided no insights into the total occupancy of the short-stay ward. It was 

similarly not designed to represent the occupancy of the beds for other specialisms. In this 

hospita!, however, the actmission planner used the beds in a very flexible manner. Although 

the Jong-stay beds were distributed among the specialisms, the beds allocated to a 

specialism often were used for other specialisms (when the beds were not required for 

patients of the own specialism). The decision support system assumed that a specialism had 

a fixed allocation of beds and was, thus, not able to support the planner in situations in 

which beds of other specialisms could be used; 
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- working with the decision support system was very time-consuming and it was not clear 

whether improvements could be expected, since: 
1) the system did not support the planner in the flexible use of available beds, 

2) the performance was already relatively high. A performance measurement during one 

month showed us that the occupancy of the operating time in this department was 

91%. An average of 19.5 bedsper day were occupied in the long-stay ward, resulting 

in a bed occupancy of almost 103%, and 

3) much of the information provided by the system was already collected in other ways. 

6.4 Evaluation of the system design 

Although the system was not used in this case, a number of useful observations could still 

be made during the period in which the required data was maintained in the system. 

Firstly, it was found to be very time-consuming to keep the system up-to-date with respect 

to maintaining all of the changes in patient data. This took about one and a half hours per 
day. Secondly, the system was found to be inflexible with respect to the use of the bed 

capacity allocated to other specialisms and the variances in the average operating time or 

average length of stay. Thirdly, there were some minor problems with the interpretation of 

the predictions regarding the availability of bed capacity and operating capacity in the future. 
These problems concemed the use of a significanee level of 5%. 

6.5 Conclusions 

This case illustrated that the prediction model for the future bed availability also can be used 

in situations in which there are only a small number of beds. 

However, this case has also showed us that the way in which the decision support system is 

designed is not useful in situations in which bed capacity is used in a flexible way and when 

a network of information exchange already exists and functions satisfactorily. 
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Gynecology 

The third case study is described in this chapter. This case study was carried out by a student 

within a gynecology department of a medium-sized hospital. The management of this hospita! 

decided to take part in this project since it supported their ongoing efforts in this area. The 

correspondence between this project and the efforts of the hospita! management in this area 

can be illustrated by the fact that the hospita! management had already decided to initiate a 

project for actmission planning at the end of 1988. The project group' s task was to evaluate 

the way in which actmission planning is done in the hospita] and to generate proposals to 

improve the performance of actmission planning. Improvement of the admission planning 

performance was necessary in their opinion, because: 

- there was a need to use the available resources more efficiently (because of bed reductions 

and the introduetion of budget financing); 

- some probieros were evident in the area of actmission planning. 

The management of this hospita! found the results of this casestudy to be so eneauraging that 

they decided to implement the decision support system for all of the surgical specialisms in 

the hospita). They also linked the decision support system with the existing hospita! 

information system and are currently developing a new module in the hospita! information 

system to replace the stand-alone decision support prototype system. 

In this chapter the same format is used as in Chapters 5 and 6. First, the department is 

described in which the decision support system was implemented. Then, the predictions made 

by the model are evaluated. Next, the implementation of the decision support system in this 

department is described. Subsequently, the results of the performance measurement are 

presented and discussed. Finally, an evaluation of the total system is presented and the main 

conclusions of this case study are summarized. 

7.1 Description of the situation 

In this section the gynecology department is described in which the decision support system 

was implemented. First, the patient flows and the resources in this department are described. 

Then, the actmission planning procedures in this department are described as they were before 

the introduetion of the decision support system. In conclusion, an overview is providedof the 
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main problem areas regarding the actmission planning in this department. 

7 .1.1 The gynecology department 

Five gynaecologist work in the gynecology department On a yearly basis, approximately 1000 

patients are treated in the clinic. In 1990, 531 patient were admitted into the gynecology 

department for a stay of Jonger than one day. The mean length of stay for these patients was 

8.2 days. Twenty-six percent of these patients were admitted into the hospital as emergency 

cases. In 1990, 484 patients were admitted to the gynecology department for a stay of one 

day. 

The gynecology department officially has 15 bedsin a medium-care ward (Bl). However, the 

medium-care gynecology patients can also make use of an overflow unit with a capacity of 

four beds. These beds are additionally used by the obstetrics department and, therefore, .are 

not included as a part of the normal capacity of the gynecology department The nursing 

capacity in the ward amounts to seven day-shifts. Three or four of these shifts are filled by 

students 1, while the other three or four shifts are filled by qualified nurses. 

The operating capacity of the gynaecologists is presented in Table 7.1. 

Monday Tuesday Wednesday Thursday Friday 

gl 210 . 150* - -

g2 120 . - - 240 

g3 - 300 tso* - -

g4 - - 240 - -

g5 - - - 300 150 

Table 7.1: Operating capacity (minutes) assigned to ilie gynecologists 

*= A session of 150 minutes was available every Wednesday. This session was used by either 
gynaecologist g l or by gynaecologist g3. 

7.1.2 Actmission planning 

The admission planning procedure for an elective patient starts at the moment a specialist 

decides that a patient needs to be admitted into the hospital. At that moment the specialist 

fills in an admission form. On the basis of this form the patient is placed on a waiting list. 

The admission planning procedure for an emergency patient also starts at the moment the 

specialist decides that a patient must be admitted into the hospita!. However, an emergency 

1 In ilie Nemerlands there is a so-called in-service training of nurses which takes place in the hospita! 
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patient is not placed on a waiting list. An employee of the actmission planning department 

checks whether there is a bed available for the emergency patient. For this check he uses an 

overview of the empty beds which is prepared twice a day. When he finds an empty bed, he 

comacts the head of the ward on which the empty bed is located and notifies him of the 

arrival of the emergency patient. 

Traditional admission procedure 

Every Wednesday an admission recommendation is prepared for the coming week by the 

heads of the operating theater, ward B 1 and the actmission planning department To prepare 

this recommendation, patients are selected from the waiting list on the basis of the following 

two criteria: 

1. urgency of the patient; 

2. waiting time of the patient. 

The waiting list is sorted per gynecologist to these two criteria. 

The starting point for the admission recommendation is the operating schedule since the 

operating theater is considered to be the critica! resource. 

The head of the operating theater estimates the operating time for each patient. On the basis 

of these estimates, the available operaring time is allocated to the greatest extent by selecting 

patients in a different sequence than the sequence on the waiting list, whenever necessary. For 

example, if a block of thirty minutes of operating time is still available, a patient with a short 

operation time wiJl be admitted instead of the next patient on the list if this patient happens 

to need more than thirty minutes of operating time. The scheduling efficiency is, thus, more 

important than the total waiting time in some instances. 

The patients admitted for gynecology may be plueed in two different wards: 

1) one ward for day admissions whereby the patients are admitted in the morning andreturn 

home in the aftemoon; 

2) one ward for medium-stay and long-stay patients whereby the patients are admitted for 

more than one day. 

Based upon experience, the head of the ward for medium-care patients knows how many beds 

wil! be available in the coming week. The ward for day admissions is used by various 

specialisms. In this ward the beds are not allocated to specialisms. The head of the admission 

planning department estimates how many beds can be used for gynecology in this ward. Most 

of the time, however, the bed capacity poses no restrietion for the actmission recommendation. 

The same approach is used for allocating the nursing capacity. The head of the medium-care 

ward is able to estimate the workload associated with each of the patients and can determine 

whether the workload is within acceptable limits based upon her knowledge of the nursing 

schedule. 
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When a patient is included in the actmission recommendation for the coming week, she is 

notified of this actmission two days (for patients admitted to ward B 1) or three days {for day 

admissions) ahead of the actual actmission date. 

Emergency admissions 

In making the admission recommendation emergency patients are not explicitly taken into 

account. Neither bed capacity nor operating capacity is reserved for emergency patients. One 
session in the operating theater is reserved for emergency admissions. If the beds in the 

regular ward are all occupied, the beds in the overflow unit can be used to accommodate 

emergency patients. 

lnformation used in the admission planning process 

The following information is used to prepare an actmission schedule: 

- information about the patient which has been entered on the admission form; 

- estimates of the required operating time made by the planner for the operating theater; 
- estimates of the number of available bects in the coming week made by the head of the 

ward; 

- estimates of the nursing workload in the coming week made by the head of the ward; 

- estimates of the number of patients to be admitted at the day centre, made by the head of 
the admission planning department 

7 .1.3 Problem areas 

The main problem areas of actmission planning in this hospita! identified by the project group 

for actmission planning, were: 

- large fluctuations in the workload in the wards; 

- actmission of emergency patients; 

coordination of the actmission actlvities between stakeholders: 
- the level of service provided to the patients. 

A low utilization of the operating time, the admission of emergency patients and, to a lesser 
extent, the level of service provided to the patients were the main problem areas of actmission 

planning in the department in which the decision support system was implemented. 

7.2 Predictions 

This section provides an overview of the evaluation of the prediedon models developed by 
Kusters. First, it is described which adjustments were required to be able to use these 
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prediction models in this case. Second, the results are presented of a comparison between the 

predictions made using these models and the actual data. 

7.2.1 Adjustments to Kusters's models 

In this hospita!, three adjustments were made to the prediction models developed by Kusters. 

A first adjustment was that the prediction of the length of stay of patients took place on the 

basis of the type of operation instead of the diagnosis. This adjustment was necessary since 

the diagnosis of a patient was not entered on the actmission form. 

A second adjustment to the prediction models of Kusters was the fact that the prediction of 

the operating time was based not only upon the type of operation, but also upon the surgeon 

who performed the operation. 

The third and final adjustment was necessary because the prediction of the workload of the 

nurses was not based upon statistica! data for the workload category in which a patient with 

a given diagnosis or operation could be placed. Instead, estimates of the workload fora given 

diagnosis or operation were made by the nurses. 

7.2.2 Performance of the prediction models 

In this section, a comparison is made between the results based upon the prediction models 

and the actual data. First, the results are presented of comparing the predictions made on the 

basis of the prediction model for the future bed availability and the actual bed availability. 

Then, the results of the evaluation of the predierion model for operating time are described. 

Finally, an overview is provided of the evaluation of the prediction model for the nursing 

workload. 

Prediction model for the future bed avai/ability 

The evaluation of this prediction model was carried out in the same way as described in 

Section 5.2.2, except that emergency patients are not taken into account in this case. Table 

7.2 presents the correlation coefficient for females in a situation in which the admissions in 

the coming period are not taken into account. Table 7.3 presents the same results for the 

situation in which the admissions in the coming period are taken into account. The data on 

which Tables 7.2 and 7.3 rely can be found in Appendix C. 

Finally, Table 7.4 presents the results of simulating 61 days in which the predictions of the 

number of occupied beds are compared with the actual situation using three types of 

performance measurement. The predîctions made for this simulation were based on a 

theoretica! overflow possibility of 5% (see Section 5.2.2). 
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x R R2 APE SDPE 

I 0.97 0.95 -0.127 1.010 
2 0.95 0.91 -0.169 1.288 
3 0.93 0.87 -0.150 1.438 
4 0.91 0.84 -0.119 1.499 
5 0.89 0.79 -0.099 1.573 
6 0.87 0.76 -0.059 1.531 
7 0.81 0.66 0.069 1.643 

Table 7.2: "Fit" between the predictions and the actual data for females when the admission in the coming period 

are not known 

11 R R2 APE SDPE 

1 0.98 0.95 -0.094 1.022 
2 0.96 0.92 -0.149 1.385 
3 0.94 0.89 -0.130 1.622 
4 0.93 0.87 -0.111 1.778 
5 0.91 0.84 -0.112 1.915 
6 0.91 0.83 -0.110 1.926 
7 0.89 0.79 -0.044 2.055 

Table 7.3: "Fit" between the predictions and the actual data for females when the admissions in the coming period 

are known 

x Measure 1 Measure 2 Measure 3 

1 0.12 0.07 0.93 
2 0.14 0.07 0.93 
3 0.16 0.05 0.95 
4 0.19 0.12 0.89 
5 0.19 0.12 0.91 
6 0.20 0.10 0.91 
7 0.22 0.11 0.94 

Table 7.4: Results of simulating 61 days in which the predictions of the number of occupied beds for females are 

compared with the actual situation 

From the results presented in Tables 7.2 and 7.3 it can be stated that the fit between the 

predictions and the actual data is quite good. This shows that 66% (Table 7 .2) or 79% (Table 

7 .3) of the varianee can be explained when the prediedons are made seven days in advance. 

If the results in these Tables are compared with the same type of results as described in the 
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previous chapters, it can be concluded that the results presented in this chapter show a much 

better fit than the results presented previously. This is probably due to the fact that the 

gynecologists perfonn only a small number of operations and the length of stay associated 

with a specifïc type of operation is very predictable. 

Prediefion model for the required operaring time 

During a period of 56 days, the predictions made by the system regarding the required 

operating time were compared with the actual required operating time. During this period the 

system made 51 predictions of the length of an operation schedule. On the basis of this data, 

we were able to calculate the average prediction error and the standard deviation of the 

prediction error. The average prediction error was 8.65 rninutes per operating program. The 

standard deviation of the prediction error was 33.08 minutes. From these calculations it can 

be concluded that the accuracy of the prediction model is good. 

Prediction model for the nursing workload 

It was very difficult to compare the predicted nursing workload with the actual nursing 

workload since the actual nursing workload was not measured. However, in order to be able 

to test the prediction model for the nursing capacity, the head of the ward was confronted 

with the predictions made by the systern and was asked to classify each prediction in one of 

five categories ranging from excessively high to excessively low. The results of this 

classification are presented in Table 7.5. 

N=49 cxcessivcly high loo high good too Iow excessively low 

% 0 10 76 14 0 

Table 7.5: Distribution of the prcdictions of !he nursing capacity over thc Jïve categories 

7.3 Implementation 

To test the performance of the decision support system for actmission planning, the system 

was used to generate the actmission recommendations. The system had to be integrated into 

the actmission planning procedure in order to achieve this. In this section, it is described how 

the system was integrated into the actmission planning procedure in this particular department 

Firstly, it is described which changes in procedures had to take place in order to implement 

the system to support the admission planners. Secondly, it is described how actmission 
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planning was achieved using the decision support model. 

7.3.1 Changes in procedures 

To work with the decision support system, data had to be entered into the system to establish 

the required capacity per diagnosis or type of operation and the characteristics of the patients 

in the hospital and the patients on the waiting list. During the implementation of the decision 

support system, a student kept the data in the system up-to-date using information collected 

from the admission planning department 

7.3.2 Admission planning 

The admission planning procedures did notchange significantly. The admission recommen

dation was still prepared in collaboration with the planner of the operating theater, the head 
of the ward and the head of the admission planning department However, the decisions they 

made regarding the admission of patients for the coming week currently were based upon the 
information presented (produced) by the decision support system instead of upon estimates 

made by hospital personnet 

7.4 Performance measurement 

In order to test whether using the decision support system could lead to an improverneut in 

the admission planning performance, it was necessary to determine admission planning 

objectives and to translate these objectives into performance indicators. These performance 
indicators were then measured before and after the implementation of the decision support 
system. 

This section describes these performance measurements. First, the objectives and the 

associated performance indicators are presented. Second, the results of the two measurements 

of these performance indicators are described. FinaJiy, the conclusions derived from an 

analysis of these performance measurements are presented. 

7.4.1 Performance indicators 

The student who prepared this casestudy was assisted by a project group. This project group 

decided that admission planning should achieve the following objectives: 
1) a maximal parient service level, 

2) an optima! processing of emergency patients, and 

3) control of the occupancy of gynecologists in the operating theater and beds and nurses in 

the long-stay ward. 

86 



Gynecology 

In order to determine whether actmission planning based upon the information provided by 

the decision suppon model actually leads to an improvement in achieving the above 

mentioned objectives, these objectives had to be translated into measurable performance 

indicators. The project group qecided that the objectives should be measured in the following 

way: 

1) the patient service level in terms of the average patient waiting time, 

2) the processing of emergency patients in terms of the percentage of the emergency 

admissions placed in their own ward and the number of patient transfers require, and 

3) control of the occupancy of gynecologists in the operating theater and beds and nurses in 

the long-stay ward in terms of the average and standard deviation of the occupancy of 

operating theater time, bed capacity and nurse capacity. 

7 .4.2 Measurement of the performance indicators 

The performance indicators were measured during two periods of time. The first measurement 

of the performance indicators took place before the implementation of the decision support 

system for admission planning. The second measurement was performed after the system was 

implemented. The results of both measurements are presented in Table 7.6. 

7.4.3 Conclusions 

Table 7.6 shows that the occupancy of the operating capacity increased by more than 15% 

after the implementation of the deelsion support system. This was associated with a decrease 

in the standard deviation of the operating time and a slight decrease of the bed occupancy in 

the long-stay ward. The decrease in the bed occupancy in the long-stay ward can be explained 

by the fact that the number of single day admissions increased. These patients were not 

admitted in the long-stay ward, however. The large increase in the occupancy of the operating 

time is surprising since the waiting lists of the specialists were generally quite shon. It was 

normal for the waiting list to be nearly empty after preparing the admission recommendation 

for the coming week. 

7.5 Evaluafion of the system design 

In this section the system is evaluated based upon a number of qualitative criteria. Attention 

is paid to the user friendliness of the system, the information provided by the system, the 

flexibility, the ease-of-use and the "fit" of the system in the user environment. 
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Perfonnance indicator First Second measurement 
measurement 

Average occupancy of the 67.5% 77.9% 
operating capacity 

Standard deviation of the oe-
cupancy of the operating 
capacity 49.0% 36.4% 

Average occupancy of the beds 83.6% 81.0% 

Standard deviation of the oe- 18.0% 22.1% 
cupancy of the beds 

Percentage emergency admis-
sions admitted in !heir own 100% 100% 
ward 

Number of patient transfers I 2 
required 

Table 7.6: Results of the measuremcnts of the' performance indicators 

User friendliness 

In general, the users were satisfied with the simplicity of the control of the system, the layout 

of the sereens in the system and the system response times. Regarding the control of the 

system, however, they would have preferred the use of pull-down menus. The main 

disadvantage of the system was the large amount of time that had to be invested in 

maintaining the data in the system. This significant investment of time was necessary due to 

the fact that the system functioned as a stand-alone system without any links to other systems. 

This means that every admission and discharge had to be entered into the decision support 

system even though it had already been entered into the hospita! information system. 

I nformation provided by the system 

The information provided by the system was satisfactory. The system provided the admission 

planner with the information he needed to prepare , , an admission, recommendation:· 

Nevertheless, it was recommended to continue using the old admission form since all of the 

required information about a patient could not be entered via the admission planning screen. 

Flexibility 

The system turned out to be inflexible with respect to changes in the required operating time, 

the length of stay and the nursing capacity for any particular patient. It is not possible to 
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temporarily change this information fora particular patient. 

Ease-of-use 

The ease-of-use of the system was judged to be satisfactory. The personnet working with the 

system understood the way in which the predictions were made and were able to use this 

information for actmission planning purposes. 

The ''fit" of the system in the user environment 
Initially, the system was not able to aceomadate a situation in which patients in the same 

department could be admitted to more than one ward. In the gynecology department patients 

could be distributed across three different wards, depending on the type of ailment. 

7.6 Conclusions 

This case study describes the implementation and testing of a decision support system for 

actmission planning in a gynecology department 

This case illustrates that the fit between the prediction model for the future bed availability 

and the actual situation was quite good. The performance of the other prediction models was 

also good. We can conclude that estimations made by hospital personnel can be used as input 

for the decision support system. 

Using the system in this case led to an increase in the occupancy of the operation time even 

though the waiting list decreased during the period in which the system was implemented. 

Some qualitative aspects of the system were found to be unsatisfactory. Too much time was 

required to maintain the data in the sy,.tem. Because of this, hospital management decided to 

make a link between the decision support system and the hospita! information system. Also, 

the system was found to be too inflexible with regard to accepting temporary changes in the 

required amount of capacity for a patient. The system did not offer a possibility for changing 

the required amount of capacity for a particular patient. 
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Comparison of the Cases 

This chapter presents a comparison of the cases described in Chapters 5, 6 and 7. Four 
different aspects of the cases are eompared, namely: 

1) the performance of the prediction models, 

2) the implementation of the decision support system in the organization, 

3) the changes in the performance after the implementation of the decision support system, 
and 

4) the evaluation of the system design. 

For all four aspeets, the differences and similarities between the cases are described. Where 

possible, the reasoos for the differences between the cases with respect to a eertaio subject 

are indicated. 

8.1 Performance of the prediefion models 

The performance of the prediction models is evaluated using two criteria. Firstly, it is 

evaluated whether the assumptions underlying the prediction models are valid in the 
organizations in which the cases have been carried out. Secondly, it is evaluated whether the 
predictions made by the adapted predietien models eorrelate sufficiently with the aetual data 
and are sufficiently reliable to use in actmission planning. 

With respect to the first eriterion, we can conclude that: 

in all three cases the prediction of the length of stay of the patients is based upon the type 

of operatien instead of the diagnosis. The reason for this adjustment was the same in all 

three cases, namely, that the type of operation was entered on the actmission form and/or 

the waiting list form and the patient's diagnosis was not. In addition, in all three cases it 

proved to be diffieult to translate a given type of operation into the corresponding 
diagnosis. 

in all three cases the predierion of the duration of an operation is not only based upon the 

type of operation, but also upon the surgeon who performs the operation. This adjustment 

to Kusters's model could be made in all three cases since it was always known which 

surgeon would perform a scheduled operation. 

in the the cases orthopedies 2 and gynecology, no beds were reserved for emergency 

patients. In the case orthopedies 2 it was decided to make no bed reservations for 
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emergency patients si nee an actmission stop for emergency patients was declared whenever 
all beds were occupied or already reserved for elective patients. In case gynecology it was 

decided to make no bed reservations due to the fact that extra beds were available on 

some occassions since they were oot taken into account in the calculation of the available 

bed capacity. 
in the case orthopedies 2 and, in a later stage, in the cases orthopedies 1 and gynecology, 

predictions of the number of occupied beds were not only made separately for rnales and 

females, but also for a number of different wards in which the patients could be admitted. 
This adjustment to Kusters's model was necessary since the introduetion of short-stay and 

long-stay units created a situation in which there was insufficient capacity in the wards 

of eertaio specialisms to admit all of the patients for that specialism. 

As indicated above, the need for adjusting the predierion modelsis dependent upon the way 
in which the specialism is organized. The factors which led to a need for adapting the 

prediction models in these cases, were: 

the capacity reservation for emergency patients, 

the allocation of the operations to the surgeons, 

the allocation of the patients to the various wards, and 

the registration of patient data conceming their admission. 

With respect to the second factor, we can conetude that there was generally a good correlation 

between the predietions and the actual data. When we campare the results of the cases it is 

apparent that the correlation for females is much higher in cases orthopedies 2 and 

gynecology than in the case orthopedies 1. This difference cao be explained by several facts. 

Firstly, in the case orthopedies 1 the predierion of the number of emergency patients is 

included in the predierion of the number of oc.cupied beds. This is not true for the cases 

orthopedies 2 and gynecology, however. Secondly, in the case orthopedies 1 the predictions 

are made for an orthopedie department and in the case gynecology the same predictions are 

made for. a gynecology department It is known that the standard deviation of the length of 

stay for orthopedie patients is greater than the standard deviation for gynecology patients. In 

addition, the orthopedie specialism perfarms . more different types of operations, than the 

gynecology specialism. This means that for the orthopedie specialism the group of patients 

with the same type of operation, staying in the hospital at a specific period of time is 

probably smallerand the differences in the lengthof stay are more pronounced. Thirdly, we 

have stated that the standard deviation of the length of stay of the patients in the case 

orthopedies 1 is greater than the standard deviation of the length of stay of patients in the 

case orthopedies 2. This is probably due to the fact that in orthopedies 2 the treatment for 

patients with the most common types of operations has been standardized. A standard 
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treatment is used less frequently in orthopedies I. Finally, the data used to make the 

predictions in orthopedies I were older than the data used in orthopedies 2 and gynecology. 

Consictering the fact that the average length of stay still decreases each year, this means that 

the use of older data leads to deviations in the predictions. 

No additional comments are relevant with respect to the degree to which the predictions are 

suitable for use for admission planning. 

8.2 lmplementation of the decision support system 

As mentioned in the literature [Mintzberg and Quinn, 1991], the implementation of an 

organizational change is often more difficult as the change has more impact on the 

organization. Most people have problems adapting to changes. It is important to analyze the 

reasons for these problems since the reasons for problems determine which intervention 

strategy should be used (Zaltman and Duncan). This is also clear from the cases. 

In orthopedies I, the implementation of the decision support system met with a number of 

problems. These problems were likely due to the fact that: 

1) the implementation of the decision support system required changes in the admission 

planning procedure, 

2) the intervention strategy used did not correspond with the type of situation. The 

differences in interest of each party formed the main problem, and 

3) the hospita! manager was not directly involved in the implementation process. 

In the gynecology case, however, the implementation did not cause significatn problems. In 

this case the implementation of the decision support system was not accompanied by a major 

change in the actmission planning procedure. In addition, the student that supported the 

implementation process was continually present 

Comparing orthopedies I and gynecology from an implementation point of view, it can be 

concluded that a successful implementation process is apparently associated with choosing the 

right intervention strategy and a limited number of procedural changes. 

8.3 Changes in the performance 

In the case orthopedies 1 as wel! as gynecology, the implementation of the decision support 

system is accompanied with a large increase in the operatien theater occupancy. The 

introduetion of the decision support system obviously has had a positive influence on the 

actmission planning process. This positive influence could have resulted from either the fact 
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that the information provided by the decision support system has helped the admission 

planner(s) in mak:ing better admission decisions or the fact that the introduetion of the system 

has helped the planners to focus on rnanaging additional resources. 

In the case orthopedies 2, the decision support system was not implemented. One of the 

reasons for this decision was the fact that the admission planner questionned the added value 

for the actmission planning function which would have resulted from the introduetion of the 

system. She argued that she alreacty had access to the information which the system would 

provide. In this hospital a significant amount of information was already available. 

Summarizing, we can conetude that the extent to which the information required for 

actmission planning is already available in the organization is probably a factor which 

determines whether the implementation of the decision support system will lead to an 

improvement in performance. 

8.4 Evaluation of the design of the system 

In Chapters 5, 6 and 7, the design of the system is evaluated based upon user friendliness, the 

information provided by the system, flexibility, ease-of-use and the "fit" of the system to the 

situation. These same criteria will be used in this section to compare the opinions of the users 

in the three cases. 

User friendliness 

In all three cases the user friendliness of the ex perimental system was evaluated as being poor 

with respect totheuser's time investment The large amount of time needed to maintain the 

data in the system is caused by the fact that the system operates in a stand-alone mode with 

no links to other systems. In orthopedies 1 and 2 the response time of the system' s actmission 

planning screen was poor. The reason for this poorer response time in cases 1 and 2 as 

compared with the gynecology case is due to the fact that the waiting lists in orthopedies 1 

and 2 contained approximately three hundred to four hondred patients while in the gynecology 

case there were only approximately fifty patients. 

lnformation provided by the system 

The information provided by the system was determined to be satisfactory in both cases in 

which the system was implemented. 

Flexibility 

One remark was made in each case with respect to the flexibility of the system. In the case 
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orthopedies 1, the users mentioned that it should be possible to place apatienton more than 

one waiting list. In the case gynecology, the users requested the possibility for changing the 

specified operating time, length of stay and/or nursing capacity for any given patient. 

Ease-of-use 

In both case orthopedies 1 as well as case gynecology, the ease-of-use of the system was 

found to be satisfactory. In orthopedies 1, some users had occassional problems with the 

interpretation of the predictions of the occupancy of beds and the operating time. 

The "fit" of the system in the user environment 

For the initia! design of the decision support system (in which all beds could be used for any 

patient), the "fit" to the situation was not good enough for using the system for actmission 

planning purposes. After adjusting the system in this respect, the "fit" of the system to the 

situation was found to be satisfactory in both cases orthopedies 1 and gynecology. In 

orthopedies 2, however. the "fit" of the system to the situation was still considered to be poor 

since the system was not able to make use of the bed capacity in a flexible way. 

8.5 Conclusions 

In the sections above, four aspects of the decision support system for actmission planning are 

discussed. Briefly, the outcome is that: 

once some adjustments to the predietien models are made, depending upon the situation 

in which these models are used, the correlation of these models with the actual data is 

good, 

the implementation of the system must be accompanied by a significant investment of 

time, 

when suffieient information to make actmission decisions is not available in the 

organization, a better performance of the ad mission planning function can be expected by 

implementing the decision support system, and 

the design of the system needs to be adjusted in some areas. The two most important 

points were that the system must be able to use data derived from the hospita! information 

system and that the response time of the system needed to be improved. 
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Admission Polides 

Most hospitals currently operate in a situation in which more than one resource is scarce. 

Interviews in eight Dutch hospitals revealect that hospita! managers have problems with 

achieving the actmission planning goals in this type of situation. These problems are mainly 

ctue to a Jack of knowlectge anct information about: 

1) the capacity neects of an inctivictual patient for the inctivictual processing steps, 

2) the availability of resources in the future, anct 

3) the type of policies that have to be usect in this type of situation to achieve the actmission 

planning goals. 

A decision support system has been developed to provide the actmission planner with 

information about the capacity neects of an individual patient for the individual processing 

steps anct the availability of resources in the future. Using the ctecision support system has led 

to an improvement in the occupancy of the operating theater and the throughput of patients 

in two surgical departments of two different hospitals. From these two situation we have 

leamed that it is possible to improve the achievement of the actmission planning goals by 

providing an actmission planner only with the information described previously. 

The study described in this chapter determines: 

whether using a different type of actmission policy actually can improve the achievement 

of the actmission planning goals in a situation in which more than one resource is scarce, 

and 

which requirements have to be met by an actmission policy which is able to improve the 

achievement of the actmission planning goals. 

In Chapter 3, it was explained that blocking can occur in situations in which more than one 

resources is scarce. Blocking may cause a ctecrease in the occupancy of the bottleneck 

resource. To be able to achieve a high occupancy of the bottleneck resource in situations in 

which more than one resource is scarce, it is important to reduce the occurrence of blocking. 

The subject of this chapter is the development of actmission policies which, in the first place, 

are able to achieve a high occupancy of the bottleneck resource and thus a high throughput 

of patients in the hospital. The performance of such rules wil! be tested in a number of 

different situations. In conneetion with this it is assumect that the operating theater is the 

bottleneck resource, even though beds may also be scarce. This assumption is made since the 

operating theater is seen as the bottleneck resource in most Dutch hospitals. 
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We will evaluate two types of actmission policies. The first type is called the Look-Ahead 

Procedure. It uses predictions of the future resource availability and the future mix of patients 
on the waiting list to develop a schedule which aims at maximizing the occupancy of the 

operating theater over two periods. A period is defined in this context as one operating 

session. The second type of admission policy is called the Balancing Procedure. It tries to 

balance the availability of future operating time and future beds in order to minimize the 

probability of an occurrence of blocking. 
The performance of the two aforementioned policies are compared with the performance of 

two rules which are assumed to represent decision behavior in practice. These two rules are 

called the Fîrst-Come First-Serve Procedure (FCFS) and the Myopie Procedure. The Myopie 

Procedure maxiruizes the occupancy of the operaring theater during the first period, thereby 

ignoring the possibility of future occurrences of blocking. 

A simulation study is used to test the performance of all four of the actmission policies. The 
design of this simulation study is described inSection 9.1. Section 9.2 provides an overview 

of the admission policies used in the simulation study. Section 9.3 presents the results of the 
simulation study. To conclude, the conclusions drawn from the simulation study are reviewed 

inSection 9.4 and the influence of uncertainty and emergency admissions on the performance 

of the actmission policies is discussed. 

9.1 Design of the simulation study 

The main objectives of the simulation study are: 
1) to gain insights into the performance and the probieros of the actmission policies which 

represem current decision behavior. These insights are used to develop new actmission 

policies. These new admission polkies must be able to achieve a higher occupancy of 

operating capacity and, thus, bed capacity by miniruizing the occurrence of blocking; 

2) to evaluate the performance of the new actmission policies in a number of relevant 

situations and compare them with the performance of the old actmission policies. 

This section describes the simulation model and the experimental parameters used in the 

simulation study. 

9.1.1. Simulation model 

The simulation study focuses on the throughput of patients in a surgical hospital. This type 
of department was described in Section 3.2.2. This description is used as a starting point for 

descrihing the simulation model. However, as can be seen in Figure 9.1, we made some 

changes to the aforementioned description: 
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1) there are two waiting lists insteact of one; 

2) there is no flow of emergency patients; 

3) all patients are operated on the day of their actmission whereby it is assumect that each 

patient first makes use of the operating resource and then requires a bed; 

4) nursing capacity is not taken into account; 

5) the capacity neects of a patient are assumect to be deterministic. 

mmc N 

Figure 9.1: Simulation model 

These changes were requirect for a number of reasons. 

The arrival (demand) of elective patients at the waiting list (B) in our model is seen as a 

controlled process since it is assumed that a specialist wants to keep a relatively constant 

number of patients on the waiting list. A specialist can keep a constant number of patients 

on the waiting list by either changing his criteria for actmission or by refering his patients to 

other specialists or hospitals. In pracdce, both methods are used. In our simulation model, 

however, we assume that a specialist refers the patients to another hospita!. The arrival of 

patients at the outpatient department of a hospita! is not seen as a controlled process, 

however. It is assumed that neither the specialist nor the hospital management can directly 

influence the number of patients visiting the outparient department 

In the simulation model the aforementioned process is modelled as follows: elective patients 

arrive at waiting list A according to a class-dependent inter-arrival rate. A class is defined 

bere as a group of patients needing the same amount of capacity. As soon as a patient from 

waiting list B is admitted into the hospital, the first patient from waiting list A is transferred 

to waiting list B. The waiting time of a patient starts at the moment he arrives at waiting list 

B and ends at the moment the patient is admitted into the hospita!. The inter-arrival rate for 

each class of patients at waiting list A is much larger than the throughput of this class of 
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patients in the hospita! in order to prevent that waiting list B becomes empty. The number 
of patients at waiting list B is constant in order to be able to compare the waiting times of 

patients in the different simulation runs. 

The arrival of elective patients at the hospita] can also be seen as a controlled process since 

the admission planning function determines when a eertaio patient is admitted into the 
hospital. The admission planning function makes use of an admission policy to achieve this. 

In this simulation study it is assumed that the objective of admission planning is to achleve 

a high occupancy of the resources. 

The demand for care in a surgical hospita! (surgical department) sterns from the flow of 

emergency patients and the flow of elective patients. In the simulation studies the flow of 

emergency patients is not taken into account. The decision to not take the flow of emergency 

patients into account was made since we were interested in observing the pure effects of 

admission policies. As described in Chapter 2 of this thesis, the flow of emergency patients 
cannot be controlled at the operationallevel (by using an admission policy) even though the 
arrival of these patients can disturb the activities on this level to a great extent. Control of this 

patient flow takes place at a higher level in the organization (by reserving capacity for these 

patients). In Section 4 of this chapter, the effect of this flow on the performance of an 

actmission policy is discussed in detail. 

Surgical patients in a hospital need operating theater capacity, bed capacity and nursing 

capacity. However, in our simulation study we have assumed that nursing capacity does not 

have tobetaken into account. We have made this assumption because nursing capacity is the 

most flexible resource. Also, the case studies showed that nursing capacity could not always 

be allocated to the separate specialisms. In addition, it is difficult enough to take two possible 

bottlenecks into account. Once a satisfactory solution has been found for the two-resource 
problem, the effects of this solution on the nursing capacity can be investigated. This wiJl not 

be covered by research here. 

When a patient is admitted into the hospita], he requires operating time and a number of bed

days. The need for operating time and bed-days depends upon the class (category) to which 

the patient belongs and is assumed to be deterministic. The need for operating time and bed

days in practice, however, is stochastic. We have assumed that the needs for resources are 

deterministic since it is then easier to: 

1) develop a simulation model, 

2) make some calculations. and 
3) use a mathematical programming approach. 
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In addition, the influence of uncertainty on the performance of the admission policies is 

assumed to be insignificant. We will discuss the influence of uncertainty on the performance 

of the admission policies in Section 4 of this chapter. The effects of emergency arrivals on 

the performance of the admission policies will also be discussed in this section. The operating 

theater is a resource which is not constantly available. A specialism has access to one or more 

operation rooms on eertaio days for a eertaio amount of time according to a specific 

timetable. The bed capacity is a resource which is constant and also constantly available. 

The simulation program was written in Turbo Pascal and runs on a IBM PS/2 model 70 

computer. To verify that the simulation program performed according to the simulation model, 

the detailed output of the simulation program was reviewed. Furthermore, the simulation 

results for one of the admission polides were compared with some analytica! results. 

9.1.2 Experimental parameters 

This paragraph describes the experimental parameter settings we used in our simulation 

studies. We first made some assumptions about the phenomenon of blocking in order to 

develop a set of experimental situations which: 

1) provide insights into the phenomenon of blocking and the effect of this phenomenon on 

the occupancy of the resources in a surgical hospita!, and 

2) could be used to evaluate the applicability of the decision rules which were developed. 

Based upon these assumptions, a number of variables were identified which influence the 

occurrence of blocking. To conclude, the parameter settings used in our simulation study are 

descri bed. 

Blocking 

In Chapter 3 it was assumed that the occurrence of blocking is the main factor influencing 

the occupancy of the resources at the operational level of controL We can identify two 

sJtuations in which blocking occurs, namely: 

1) operating time is available, but all of the beds are occupied; 

2) beds are available, but there is no operating time available or remaining. 

The stage in which blocking occurs determines whether the occurrence of blocking will 

actually lead to a loss of capacity in the sense that the throughput of patients in a surgical 

hospita! decreases. If blocking occurs during the stage in which the bottleneck (most scarce) 

resource is not a critica! resource, this always leads to a decrease in the patient throughput. 

If blocking occurs during the stage in which the bottleneck capacity is a critica! resource and 

the average occupancy of the other capacity is not affected to the extent that this capacity 

becomes the bottleneck capacity. then blocking does not lead to a decrease in the patient 
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throughput. 

The situations in which blocking occurs can be caused by decisions taken at a higher level 

of control or at the same level of control (the operational planning level). This can be called 

structural blocking when the blocking is caused by decisions taken at a higher level of control 

and cannot be prevented by decisions taken at the operational planning level. The type of 

blocking which is caused by decisions taken at the operational planning level is called 

incidental blocking. 

Both structural blocking and incidental blocking can occur in the surgical hospital. To be able 

to minimize the occurrence of both types of blocking, the causes of these types of blocking 

first need to be identified. Structural blocking can occur when the length of stay of eertaio 

patients does not correspond with the distri bution of operaring time over the days of the week. 

This leads to a situation in which beds become available when operaring time is not available. 

The occurrence of this type of blocking depends upon the average length of stay for each 

parient category and the distribution of operating time over the days of the week. Incidental 

blocking can occur when patients in the hospita! previous actmission decisions) are 

discharged and there is no combination of patients on the waiting list to replace them and to 

fully occupy the bottleneck capacity. This type of blocking depends upon the type of 

actmission policy used, in actdition to other variables. 

We have focused primarily on the occurrence of incidental blocking in this study, although 

we have to take the occurrence of structural blocking into account when comparing different 

situations. 

Two underlying causes of the occurrence of incidental blocking can be identified: 

I) the existence of a temporary imbalance between the average required capacity and the 

average available capacity caused by admission decisions made in the past, and/or 

2) the stochastical behavior of the parient arrivals on the waiting list. 

The stochastical behavior of the waiting list arrival process of patients cannot be influenced. 

Although we stated previously that the specialist could influence the lengthof the waiting list, 

it is assumed that he is not able to influence the number of patients on the waiting list which 

beloog to a given class. If we assume that there is an adequate coordination between the 

aggregate patient flow and the resources and also between the individual resources at the 

capacity allocation level in a hospita!, then an imbalance between required capacity and 

available capacity can only occur when the occupancy of the operating theater and the 

occupancy of the beds deviates from the average occupancy calculated at the capacity 
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allocation level. Deviations from the average occupancy can occur when the ratio between the 

required operaring time and the required number of bed-days differs from patient category to 

patient category. The consequence of a difference in ratios between the required operating 

time and the required number of bed-days is that implementing some actmission decisions 

combination of patients to be admitted into hospita!) requires more bed capacity than 

operating capacity or vice versa. Deviations from the average occupancy have a stronger 

impact on the occupancy of the bottleneck resource when: 

the average occupancy of the other resource is nearly equal to the occupancy of the 

bottleneck resource. In this case an imbalance may lead more quickly to a loss of capacity 

and, thus, to a decrease in occupancy; 

- the operaring theater capacity is distributed over a small number of days of the week 

resulting in a large amount of operating theater capacity per day. A distribution of 

operaring theater capacity over a smal! number of days in the week means that new 

eperation patients can only be admitted a few times per week. The number of times per 

week that new patients can be admitted determines the varianee in the occupancy of the 

bed capacity. When the varianee in the occupancy of the bed capacity is relatively large, 

this also means that an imbalance will lead to a lossof capacity more quickly. 

Variables 

In the previous paragraph, we made some assumptions about the occurrence of incidental 

blocking and the occurrence of structural blocking. Based upon these assumptions, we 

identified which variables need to be taken into account in the simulation study. The selected 

variables can be divided into two groups: one group of variables which can be influenced by 

the specialism or the hospita! management and a different group of variables which 

characterize a certain specialism. 

The first group of variables consists of: 

- the distribution of operaring capacity over the days of the week; 

- the available number of beds in a department; 

- the length of the waiting list. 

The second group of variables consists of the differences in the ratio of required bed capacity 

and required operating time between the various categories. 

Analysis of the simulations using different values for the variables in the first group can 

provide an indication of the way in which production control problems at higher levels in the 

organization need to be solved to guarantee the best possible performance at the actmission 

planning level of the hospita!. Analysis of the simulations using different values for the 

variables in the second group, on the other hand, can provide an answer to the question of 

whether a certain actmission policy is generally applicable. 
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Experimental design of the simuiadons 

We have investigated the three situations presented in Tables 9.1 to 9.3. in our simulation 
study. These situations are simplifications of the configuration of parient categones in 

hospitals. 

Category Operating Lengthof Ratio Relative 
time stay operaring frequency 

(in hours) (in days) time: bed 

0.5 2 1 : 4 5/11 

2 1.0 5 I : 5 3/11 

3 2.0 8 l : 3/ll 

Table 9.1: Situation 1 

Category Operaring Lengthof Ratio Relative 
time stay operating frequency 

(in hours) (in days) time: bed 

I 0.5 2 l : 4 5/ll 

2 1.0 6 l : 6 3/11 

3 2.0 14 1: 7 3/11 

Table 9.2: Situation 2 

Category Operation Lengthof Ratio Relative 
time stay operating time: frequency 

(in hours) (in days) bed 

I 0.5 4 l : 8 5/ll 

2 1.0 2 I : 2 3/11 

3 2.0 10 1 : 5 3/ll 

Table 9.3: Situation 3 

As can be seen, these situations differed only with respect to length of stay per category and, 

thus, the ratio of the required operating time to the required number of bed-days. We chose 

to change only the length of stay per category since this would then ensure that there were 
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no other factors which might affect the performance. The change in length of stay per 

category affected the number of required beds and the occurrence of structural blocking (in 

combination with a given distri bution of operating time over the days of the week). When the 

occurrence of structural blocking is not taken into account, at least 14 beds were required in 

Situation 1 to treat 22 patients a week (10 patients in Category 1, 6 patients in Category 2 

and 6 patients in Category 3). At least 20 beds were required in Situation 2 to treat the same 

number of patients per week. In Situation 3 we needed at least 16 beds. In each of these 

situations, the available amount of eperating theater capacity was assumed to be 24 hours a 

week. This equaled the average capacity needed to treat 22 patients a week. This throughput 

resulted in an eperating theater occupancy of 95.8%. Each of the situations was simulated in 

combination with a distribution of the operating time over two, three and six days of the 

week. The operating time was respectively 12, 8 and 4 hours per day. The length of the 

waiting list used for all the simulations was either 16 or 32. 

Situation l was simulated using a bed capacity of 14 to 21 beds. Situation 2 was simulated 

using a bed capacity varying from 20 to 27 beds and situation 3 was simulated using a bed 

capacity of 16 to 23 beds. 

For each combination of variables, simulations were run with five different sets of random 

numbers. Each simulation run consisred of a startup phase of 42 days and a simulation phase 

of 350 days. 

We have assumed in the simulation study that the information required to make actmission 

decisions was always available and that the actmission decisions were all made at the 

beginning of the day on which the patients were admitted. 

9.2 Admission polides 

In order to develop admission policies to achieve a higher utilization of resources than the 

t.urrently used policies by preventing the occurrence of blocking, we first needed to know 

more about the performance of the policies currently used. First, a description of these 

policies is provided in this section. Next, the results of several simulations based upon these 

policies are presented. New actmission policies are then proposed based upon the insights 

gained through these simulations. 

9.2.1 Currentlv used admission policies 

We can draw the condusion that patient flow control by means of admission planning is done 

both in practice and in the literature based upon a single resource while one or more of the 

other resources are considered as restrictions. This condusion is based upon interviews we 
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took in eight Dutch hospitals [Groot, 1990], and upon literature research (Amladi, Bliven and 

Butler [1985], Barriek [1985], Elmore and Zimmerman [?], Hancock and Walter [1983] and 

Rubenstein [1977]). The admission policies used to control the parient flows at the operarional 

level vary from hospital to hospital. The policies used in most Dutch hospitals are variarions 

of the two extreme admission policies described below, however. 

The first admission policy is called the First-Come First-Serve (FCFS) Procedure. This 
admission policy represents an extreme form of the simplest admission policy used in 

practice. The other policy is called the Myopie Procedure. This admission policy represents 

an extreme form of the most complex admission policies used in pracrice. 

A description of bothof these policies is presented first. Subsequently, the results of several 
simularions using these policies are presented. To conclude, the weak points of each policy 

are described using detailed insights provided by the simulations. 

The FCFS Procedure 

The FCFS Procedure selects patients from the waiting list in a first-come, first-serve 
sequence. This selection process continnes as long as the capacity of neither of the two 

resources is exceeded. When the capacity of one of the two resources is exceeded, then the 
parient causing this is not admitted into the hospital and the selection process stops. 

Table 9.4 presents an example of the performance of the FCFS Procedure for Situarion 1 with 

a distribution of operating time over three days of the week. 

Table 9.4: 

Bed Operating Bed Maximum locidental 
capacity occupancy occupancy operating congestion 

14 
15 
16 
17 
18 

occupancy (percentages) 

0.7927 0.8267 0.8289 4.4 
0.8342 0.8110 0.8881 6.1 
0.8739 0.7966 0.9473 7.7 
0.8978 0.7712 1.0000 10.2 
0.9217 0.7483 1.0000 7.8 

Perfonnance of the FCFS Procedure in Situation 1 with a distri bution of operating time over three 

days of the week 

Table 9.4 shows the maximum attainable operating occupancy for a situation in which the 

occurrence of structural blocking is taken into account. The occurrence of structural blocking 

is calculated by counting the number of bed-days which will be lost due to a shortage of 

operating time, assuming that the probability of being admitted on a eertaio operating day is 

the inverse of the number of days per week on which operating time is available. 
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The Myopie Procedure 

The Myopie Procedure represents the traditional metbod of planning in which it is assumed 

that only one resource, the bottleneck, needs to be taken into account. We assumed that the 

eperating theater was the bottleneck resource (although we will see later that this is not 

always the case). 

The only way to realize a high operating theater occupancy is to select a combination of 

patients from the waiting list which leads to a maximum occupancy of the eperating theater. 

When the categories of patients on the waiting list are known it is possible to determine all 

of the possible combinations of patients in order to choose the combinations which results in 

a full occupancy of the eperating theater. 

By selecting one of these combinations, full occupancy of the eperating theater can be 

attained. However, some of the theoretica! combinations of patients may not be feasible in 

practice. The choice of a combination in a given situation is restricted both by the number 

of available beds and the actual number of patients per category on the waiting list. The first 

restrietion determines the maximum number of patients which cao be selected for actmission 

in a given situation. After applying both restrictions, it is also possible that several different 

combinations could lead to a full accupation of the eperating theater. The choice of a specific 

combination in this case can be made on the basis of a second criterion. Using the Myopie 

Procedure, the final choice of a specific combination is made based upon the average patient 

waiting time already incurred for all of the possible combinations. The combination with the 

longest average patient waiting time already incurred is implemented. 

If there are no combinations left after applying the restriction, then the eperating theater will 

oot be fully occupied. U se of the following policy guarantees an occupancy of the eperating 

theater which is as high as possible, however. This policy selects patients from the waiting 

list according to the longest eperating time. When more than one patient has the same 

eperating time, the final choice is made based upon longest patient waiting time already 

incurred. This policy is optima! only for situations in which the operating time of each patient 

category is a multiple of the smallest eperating time and the operatien room capacity per day 

is a multiple of the largest eperation time. Applying this policy results in the selection of as 

many patients as there are beds available or are available on the waiting list. In Table 9.5, the 

Myopie Procedure is summarized. 

To gain insights into the occurrenee of blocking when the Myopie Procedure is used, we ran 

several simulations and studied the output of these simulations in detail. In Table 9.6, the 

resulting operaring occupancy and bed occupancy are given for a simulation of Situation 1 

with a distribution of the eperating capacity over three days of the week and a bed capacity 

varying from 14 to 18. 
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1. Make a list of all possible combinations which lead to a full occupancy of the operating theater; 
2. Determine the number of available beds. Select the combinations from the list which do not lead 

to an overflow with respect to the occupancy of the beds. Call this set of combinations Subset A; 
3. Determine the number of patients in each category on the waiting list. Select trom Subset A the 

combinations which do not need more patients from a certain category than the number of patients 
of this category which are on the waiting list. Call this set of combinations Subset B; 

4. lf SubsetBis empty then proceed to step 5. 
Otherwise determine the average waiting time for each combination. Implcment the combination 
in B with the longest average waiting time; 

5. Order the waiting list according to the longest operating time and the longest waiting time already 
incurred within the same operating time. Select patients in the order in which they appear on the 
waiting list until all of the beds are occupied or the waiting list is empty. 

Table 9.5: 

Bed 
capacity 

14 
15 
16 
17 
18 

Table 9.6: 

Summary of the Myopie Procedure 

Operating Bed Maximum lncidental 
occupancy occupancy operating blocking 

occupancy (percentages) 

0.8133 0.8484 0.8289 1.9 
0.8679 0.8453 0.8881 2.3 
0.9143 0.8347 0.9473 3.3 
0.9562 0.8224 1.0000 4.4 
0.9849 0.7994 1.0000 1.5 

Performance of the Myopie Procedure in Situation l with a distribution of operating time over 

three days of the week 

Comparing the results of the Myopie Procedure with the results of the FCFS Procedure (Table 

9.4) we can conclude that the performance of the Myopie Procedure is much better than the 

performance of the FCFS Procedure. This means that not admitting patients in a first-come 

first-serve orderalready can improve the patient throughput significantly. As can be seen in 

Table 9.6, however, the Myopie Procedure also leads to the occurrence of incidental blocking. 

Studying the detailed output of the simulation runs showsus that the Myopie Procedure has 

a tendency to admit the patients with the largest operating time first. This can be illustrated 

by Table 9.7 in which the waiting time of each patient category for the different amounts of 

bed capacity is given. 
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Bed capacity 

14 
15 
16 
17 
18 

7.22 
6.29 
5.77 
5.16 
4.82 

2.76 
2.86 
2.98 
3.24 
3.58 

Waiting time 
category 3 

1.74 
1.72 
1.98 
2.22 
2.54 

Table 9.7: Waiting time per patient category using the Myopie Procedure in Situalion 1 with a distribution 

of operating time over three days of the week 

In Table 9.7 it can beseen that the waiting time of patients in Category 1 is much larger than 

the waiting time of patients in Categones 2 and 3. Since there is a difference in the ratio of 

operating time and bed-days between patients in Category 1 and Category 2, an imbalance 

occurs frequently between the required operating time and the required number of beds. Using 

a Iinear programming model to maximize the occupancy of the operating theater during the 

phases of the simulation run in which such an imbalance occurs, it is clear that it is 

sometimes better to accept a small loss of capacity at a given moment in order to avoid a 

larger loss of capacity in a later phase. This premise was used to develop the new admission 

policies. 

9.2.2 Newly developed actmission policies 

In this section we describe two new actmission polkies which have been developed using 

insights gained by simulating the currently used admission polides and analyzing the primary 

process described in Chapter 3. 

Firstly, the Look-Ahead Procedure wil! be described. Simulations with this procedure 

demonstraled that the procedure could not be used for all of the situations described in 

Section 9.1. For this reason, the Balancing Procedure was developed. This procedure is also 

described in this section. 

The Look-Ahead Procedure 

This policy is designed to avoid the possible occurrence of blocking by looking one period 

ahead to determine whether sufficient possibilities wi11 be available to fully utilize the 

operating theater at that time. To be more precise, this policy tries to maximize the expected 

occupancy of the operating room for two successive periods of time. The idea bebind the 

Look-Ahead Procedure is that blockings mainly occur because the effect of an actmission 

decision on the future availability of resources is not taken into account. Not taking the effect 

of an actmission decision into account can lead to the use of an actmission schedule which 
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may maximize the utilization of the operating theater at a given moment, but then leads to 

a lossof operating capacity in the near future. Before descrihing the Look-Ahearl Procedure 

in detail, the mathematica! relationship between an admission decision taken at time t and an 

admission decision taken at time t+ 1 is described frrst. 

The admission decision taken at time t consists of a number of patients selected from the 

waiting list. The admission decision at time t can be described as: 

A1(t)~O 

A(t)= munber of patients admitted àt tim8 t 

Af.t)= munber. of patients category i selectetl for admission at time t 

The admission decision must satisfy restrictions conceming the number of patients selected 

and the amount of operating time neerled by these patients. The maximum number of patients 

which can be selected at time t equals the number of available beds: 

(2) N(t)~(t) 

N(t)= 1Uli1Jber of IJWJilable beds at time t 

The restrietion concerning the amount of operaring time neerled by the selected patients can 

be described as follows: 

P(t)= ths amount of opeating time neetiBl at tim8 t 

p 1 = ths amount of operating time neetled by a pattent of category i 
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(4) P(t):r.P 

P= total availtWle operating theater capacity 

As a result of an admission decision taken at time t, the configuration of the waiting list 

changes. The number of patients in category i on the waiting list at time t+ 1 can be described 

as follows: 

X,(t) = the number of patients of category i on the waiting list at titM t 

E(X1(t+l))= the expected number ofpatients of category i on the waiting list at timet· 

E(WA1(t))= tlu! expected number of patients of category i arriving 

at the waiting list at time t 

f. = relative frequency of patients of category i 

In Section 9.1 it was assumed that the length of the waiting list is constant. This means that 

if A(t) patients are selected, A(t) new patients will be added to the waiting list. To which 

category these patients belong is unknown, but the probabilities are assumed to be known. 

The actmission decision taken at timet partly influences the number of available beds at time 

t+ 1. Th is relationship can be described as follows: 
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(7) N(t+l)=N(t)-A(t)+D(t+l) 

D(t+l)= the number ofilischtuges at tinul t+1 

The number of patients discharged is assumed to be a deterministic function of the patients 

previously admitted. 

To maximize the expected occupancy of the operating room for time t and time t+ 1, we need 

to know the number of empty beds and the configuration of the waiting list at time t. With 

this information it is possible to describe all of the possible admission decisions at time t. The 

occupancy of the operating theater, the number of empty beds at time t+ 1 and the possible 

configurations of the waiting list at time t+ 1 can be determined for each of these possible 

admission decisions. Next, all possible admission decisions for time t+ 1, including their 

probability of occurrence, are listed. On the basis of these possible admission decisions the 

expected occupancy of the operating room at time t+ 1 is calculated. Finally the occupancy 

at time t is added to the occupancy at time t+ 1. The admission decision alternative at time 

t which has the highest sum of occupancies should then be used according to this procedure. 

Bed 
capacity 

14 
15 
16 
17 
18 

Table 9.8: 

Myopie Incidental Look-Ahead Maximum Incidental 
Procedure congestion Procedure operating congestion 

(percentages) occupancy (percentages) 

0.8133 1.9 0.8273 0.8289 0.2 
0.8679 2.3 0.8835 0.8881 0.5 
0.9143 3.3 0.9239 0.9473 2.5 
0.9562 4.4 0.9328 1.0000 6.7 
0.9849 1.5 0.9837 1.0000 1.6 

Perfonnance ofthe Look-ahead Procedure compared with the Myopie Procedure in Situation 1 with 

a distribution of operating time over three days of the week 

Although the results of the simulations presented in Table 9.8 show us that the Look-Ahead 

Procedure performs slightly better than the Myopie Procedure, we have chosen to develop an 

alternative admission policy. The reason for this decision was the fact that the simuiadon of 

the Look-Ahead Procedure was very time-consuming and could only be used for situations 

in which there where patient categories with a length of stay smaller than or equal to the 

number of days between two operating sessions. When the lengtbs of stay for all of the 

categones of patients were longer than the number of days between two operating sessions, 
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the Look-Ahead Procedure was not able to take the length of stay of patients into account 

since all of the patients admitted at day t would still be in the hospital on day t + 1. 
This means that in all of the situations described in Section 9.1.2 with a distribution of 

operating time over two or three days of the week, the Look-Ahead Procedure can only make 

a distinction between the lengtbs of stay of Category 1 (Situations 1 and 2) and the other 

categones and Category 2 (Situation 3) and the other categories. Since this policy maximizes 

the operating theater occupancy over two periods, this means that Category 3 patients are 

preferred above Category 1 or 2 patients in all instances. This preferenee may lead to 

blockingin some circumstances as is shown in Table 9.8. In the situations with a distribution 

of operating time over six days of the week, the length of stay is not taken into account at 

alL 

Summarizing, the simulations using the Look-Ahead Procedure show that it is important to 

keep the mix of patients in the hospita! and on the waiting list about the same (balancing the 

bed occupancy and the operating occupancy). If the mix of patients in the hospita! is not kept 

more or less constant in a situation in which the resources are scarce, it is likely that a 

situation will occur in which only a few beds are available on the day when operaring 

capacity is available. In order to keep the operating occupancy at a high level, patients with 

a requirement for a large amount of operating capacity are admitted. For most operations, 

however, a large operating capacity requirement is accompanied by a large requirement for 

bed capacity. This will then result in a situation in which only a few beds will be available 

for the next operating session. This again results in admitting only a few patients with a large 

operating capacity requirement. Eventually, all of the patients with a large operating capacity 

requirement will have disappeared from the waiting list, leaving the patients with a smaller 

operaring capacity requirement on the waiting list. This way of making decisions not only 

results in a largelossof operaring capacity, but also in an imbalance of patient categones on 

the waiting list. 

To investigate whether the decisions made by the Look-Ahead procedure can be improved, 

an integer programming model was used to optimize parts of these simulations. The objective 

of the integer programming model was to maximize the operating theater occupancy over 

three or four periods. To be able the use an integer programming model, the arrival of 

patients at the waiting list had to be known. Information from the simulation runs was used 

to ensure that the arrival process was modelled as good as was possible. The outcomes of 

these runs demonstrated that it is often better to accept a minor loss of capacity in order to 

maintain the mix of patients in the hospita!, than to maximize the short term operating theater 
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occupancy at the cost of a balanced mix of patients in the hospital. 

The previously described fmdings led to the development of the Balancing Procedure. 

The Balancing Procedure 

The idea bebind the development of this procedure is the hypothesis that blocking will occur 

less frequently if it is possible to keep the occupancy of both resources in balance with each 

other. In practice this means that wedefine certain boundaries between which the occupancies 

of both resources must lie. The Balancing Procedure uses minimum and maximum values for 

the occupancy of the resources. The procedure selects patients from the waiting list on a first

come, frrst-serve basis until: 

1) the maximum value for the bed capacity is reached, 

2) all of the available patients on the waiting list are selected, or 

3) the maximum value of the occupancy of the operaring theater is exceeded. 

The parient which would cause the maximum value for the operating theater to be exceeded 

is not added to the actmission list. If the maximum value of the occupancy of the beds has 

not yet been reached, or all of the patients on the waiting list have not yet been evaluated, 

then the next waiting list patient is evaluated for selection. If the maximum value of the bed 

occupancy is reached or all of the patients on the waiting list have been evaluated, the 

occupancies of the resources are then evaluated. This evaluation has one of the following 

outcomes: 

1) both occupancies are within the preset boundaries; 

2) one of the occupancies is below the minimum value; 

If the evaluation results in Outcome 1, the selection process stops and all of the patients from 

the actmission list are admitted into the hospita!. If the evaluation results in Outcome 2, the 

action that is undertaken depends upon the resource which is below the minimum occupancy. 

When the bed occupancy is below the minimum, patients at the actmission list with a large 

need for operating theater time are exchanged with two or more patients at the waiting list 

with a smaller need for operaring theater capacity. When the operaring theater occupancy is 

below the minimum occupancy patients at the actmission list with a small need for operating 

theater time are exchanged for patients at the waiting list with a large need for operating 

theater time. 

To determine whether the Balancing Procedure is capable of achieving a higher utilization of 

the resources, Situation 1 was simulated with a distribution of operating time over three days 

of the week. In Table 9.9, the occupancy of the operating theater is presented for each 

situation. This table also shows the boundaries set for both bed occupancy and operating 
theater occupancy. 
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Bed Occupancy Maximum Incidental Boundaries Boundaries 
capacity eperating room eperating congestion operating bed oe-

occupancy (percentages) occupancy cupancy 

14 0.8324 0.8289 0.00 6.0- 8.0 14 14 
15 0.8877 0.8881 0.05 6.5- 8.0 15 - 15 
16 0.9415 0.9473 0.60 7.5 - 8.0 16 - 16 
17 0.9762 1.0000 2.40 8.0- 8.0 16 17 
18 0.9878 1.0000 1.20 8.0- 8.0 16 18 

Table 9.9: Perfonnancc of the Balancing Procedure in Situation 1 with a distribution of operating time over 

tllree days of the week 

When we campare the results of the Balancing Procedure from Table 9.9 with the results 

from the Myopie Procedure and the Look-Ahead Procedure, we can conclude that the 

Balancing Procedure perfarms better than either the Myopie Procedure or the Look-Ahead 

Procedure for any number of beds in this situation. As the number of beds increases, the 

difference between results of the Balancing Procedure and the Myopie Procedure first 

increases and then decreases, however. This suggests that the Balancing Procedure may only 

perfarm better in a situation in which both resources are scarce. 

9.3 Results 

In this section, we describe the most significant results of the simulation study. The other data 

gained from the simulation study can be found in Appendix D. 

Subsequently, the impact of the distribution of eperating capacity over the days of the week, 

the impact of the situation and the impact of the length of the waiting list on the performance 

of the admission policies are described. 

9.3.1 Impact of the distribution of operating capacity 

In the first experiment we investigated the influence of the distribution of operating capacity 

over the days of the week on the performance of the various actmission policies. 

Expectations 

As we discussed in Section 9.1.2, we expect that the distribution of operating capacity over 

the days of the week influences the amount of structural blocking and the varianee in the 

number of occupied beds. To be more precise, we expect that the influence of structural 
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blocicing on the performance of the admission policies is greater when the operating capacity 

is distributed over fewer days in the week. Also, we expect that more beds are needed to 
achieve the same performance since there is an increased varianee in the bed occupancy as 

the operating capacity is distributed over fewer days in the week. 

Results 
Tables 9.10 through 9.12 present the results of simulations using the three admission policies 

and three different ways of distributing the operating capacity over the days of the week. 

Realized Maximum Realized Maximum Realized Maximum 
Beds occupancy obtainable occupancy obtainable occupancy obtainable 

occupancy occupancy occupancy 
x=2 x=2 x=3 x=3 x=6 x=6 

14 0.6671 0.6708 0.7927 0.8289 0.8125 0.9238 

15 0.7135 0.7188 0.8342 0.8881 0.8457 0.9898 

16 0.7570 0.7667 0.8739 0.9473 0.8630 1.0000 

17 0.7955 0.8146 0.8978 1.0000 0.8745 1.0000 

18 0.8327 0.8625 0.9217 1. 

19 0.8707 0.9104 0.9297 

20 0.9007 0.9583 0.9371 

21 0.9233 1.0000 0.9402 I. 

Table 9.10: Performance of me FCFS Procedure in Situation 1 

Tentative conclusions 
From Tables 9.10 through 9.12 the following conclusions can be drawn: 

- In a situation with a distri bution of operating capacity over two or three days of the week, 

the Balancing Procedure performs the best, provided that the maximum obtainable 
occupancy is smaller than 100%. When the maximum obtainable occupancy becomes 100% 

the Myopie Procedure performs best. 

Explanation: When the maximum obtainable occupancy is 100%, the beds are less scarce. 

This means that it is less likely that all of the beds will be occupied while operation time 
is still available. It is logica! that the Myopie Procedure performs well in such a situation, 

since this rule maximizes the operation theater occupancy and does not create an imbalance 

in the configuration of the patients on the waiting list. This is because a combination of 
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Realizcd Maximum Realized Maximum Realized Maximum 
Beds occupancy obtainable occupancy obtainablc occupancy obtainable 

occupancy occupancy occupancy 
x=2 x=2 x=3 x=3 x=6 x=6 

14 0.6713 0.8133 0.8289 0.8832 0.9238 

15 0.7151 0.8679 0.8881 0.9259 0.9898 

16 0.7611 0.7667 0.9143 0.9473 0.9678 1.0000 

17 0.8037 0.8146 0.9562 1.0000 0.9919 1.0000 

18 0.8425 0.8625 0.9849 1.0000 0.9988 I. 

19 0.8831 0.9104 0.9943 1.0000 0.9993 1.0000 

20 0.9149 0.9583 0.9979 1.0000 0.9999 1.0000 

21 0.9377 1.0000 0.9988 1.0000 1.0000 1.0000 

Table 9.11: Pert'onnance of the Myopie Procedure in Situation 1 

Realized Maximum Realized Maximum Realized Maximum 
Beds occupancy obtainablc occupancy obtainable occupancy obtainable 

occupancy occupancy occupancy 
x 2 X=2 x=3 x=3 x=6 x=6 

14 0.6714 0.6708 0.8324 0.8289 0.8217 0.9238 

15 0.7188 0.7188 0.8877 0.8881 0.8952 0.9898 

16 0.7673 0.7667 0.9415 0.9473 0.9366 1.0000 

17 0.8114 0.8146 0.9762 1.0000 0.9404 1.0000 

18 0.8559 0.8625 0.9 1.0000 0.9479 1.0000 

19 0.9078 0.9104 0.9891 1.0000 0.9473 1.0000 

20 0.9339 0.9583 0.9899 1.0000 0.9517 1.0000 

21 0.9620 1.0000 0.9904 1.0000 0.9524 1.0000 

Table 9.12: Perfonnance of the Balancing Procedure in Situation 1 

In tlle Tables 9.10 through 9.12: 
x = number of days of the week on which operating theater capacity is available 
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patients whieh fully occupies the operating theater capacity is chosen which has the longest 

average waiting time already incurred. The Balancing Procedure tencts to perform worse in 

such a situation because it tries to keep the occupancy of the beds at a predetermined level. 

This can lead to an imbalanced composition of the waiting list. 

- In a situation with a distribution of operating capacity over six days of the week, the 

Myopie Procedure performs best in all ·of the cases. 

Explanation: Since the operating theater capacity per session is small, only a limited 

number of patient combinations can be found which fully occupy the operating capacity 

(Myopie Procedure). The combinations found do not vary widely with respect to the 

required bed-days and, thus, the mix of patients in the hospita! is not likely to be disrupted. 

The Balancing Procedure does not perform well in this situation. This is probably due to 
the fact that the difference between maximum occupancy and minimum occupancy of the 

operating theater time is only half an hour (time needed to operate a patient of Category 

1). The exact reason, however, is not clear. 

- The effect of structural blocking using the Myopie Procedure and the Balancing Procedure 

is most signigicant in the situation in which the operating capacity is distributed over two 

days of the week. This means that more bed capacity is needed to achieve the same 

occupancy in the operating theater (and thus the same throughput) when the operating 

capacity is distributed over fewer days of the week, regardless of whether the Myopie 

Procedure or the Balancing Procedure is used. When the FCFS Procedure is used, it is not 

always necessary to have more capacity when the operating capacity is distributed over 
fewer days of the week. In fact, the simulation results demonstrate that the largest amount 

of bed capacity is needed when the operating theater capacity is distributed over six days 

of the week (assuming a goal of 90% operating time occupancy). Figure 9.2 shows the 

performance of the FCFS Procedure for the various ways of distributing the operating time 
over the days of the week. 

- Incidental blocking affects the throughput of the patients in cases in which both resources 

are scarce. The effect of incidental blocking can be shown by comparing the average 

maximum obtainable occupancy with the realized occupancy (see Figure 9.3) 
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operating theater occupency 
1.----~------------, 

a. 

0.6'------------
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Figure 9.2: Performance of tbc FCFS Proccdure with various distributions of operating time over the days of lhe week 
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Figure 9.3 : The effect of incidental blocking on the performance of lhe admission policies 

9.3.2 Relevanee of the situation on the performance of the actmission policies 

ln these experiments we will investigate the influence of the situation (ratio between required 
operating theater capacity and required number of beds of each patient category) on the 

performance of the various admission policies. 

Expectations 

As discussed inSection 9.1.2, we expect that incidental blocking will occur more frequently 

as the differences of the ratio between required bed capacity and required operating time 
become larger. This means that we expect that the occurrence of incidental blocking will be 
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the highest in Situation 3 and the lowest in Situarlon 1. 

Results 

Tables 9.13 through 9.15 present some results from the simulation study for Sitarion 1, 2 and 

3 with a distribution of operating capacity over three days of the week. 

Beds 

14 

15 

16 

17 

18 

19 

20 

21 

Table 9.13: 

Beds 

20 

21 

I~ 
24 

25 

26 

27 

Table 9.14: 

120 

F Myopie Balancing F-value Maximum 
occupancy 

0.7927 0.8324 6.46 0.8289 

0.8342 0.8877 35.67 0.8881 

0.8739 0.9143 0.9415 27.18 0.9473 

0.8978 0.9562 0.9762 5.13 1.0000 

0.9217 0.9849 0.9878 0.48 1.0000 

0.9297 0.9943 0.9891 17.22 1.0000 

0.9371 0.9979 0.9899 26.74 1.0000 

0.9402 0.9904 19.45 1.0000 

Resu1ts of all of !he admission policies for Situation 1 with a distribution of operating time over 

three days of !he week 

FCFS Myopie Balancing F-value Maximum 1 

occupancy 

0.8506 0.8640 0.8677 0.06 0.8986 

0.8811 0.8987 0.9209 8.97 0.9209 

0.8995 0.9318 0.9488 6.77 0.9885 

0.9179 0.9579 0.9736 4.95 1.0000 
I 

0.9286 0.9819 0.9775 0.58 1.0000 

0.9341 0.9922 0.9829 5.26 1.0000 

0.9385 0.9983 0.9813 42.38 1.0000 

0.9433 0.9992 0.9823 37.07 1.0000 

Resu1ts of all of !he actmission policies for Situation 2 with a distribution of !he operating time 

over three days of !he week 
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Beds FC'FS Myopie 

16 0.8039 0.8346 0.8265 

17 0.8370 0.8761 0.8703 3.17 0.9003 

18 0.8657 0.9183 0.9121 0.45 0.9533 

19 0.9478 0.13 I. ()(X)() 

20 0.9 0.9655 

21 0.9239 0.9913 0.9815 

22 0.9313 0.9970 0.9850 

23 0.9368 0.9981 0.9862 

Table 9.15: Results of all ofthe actmission policies for Situation 3 with a distri bution of the operating time over 

thrce days of the week 

In Tables 9.13 through 9.15 the F-value is calculated using a randomized block design (5 

observations for two different actmission policies). 

Conclusions 

From Tables 9.13 through 9.15 the following conclusions can be drawn: 

- the Balancing Procedure performs significantly better in: 

- situation 1 fora number of 15 or 16 beds (alpha=O.Ol); 

- situation 2 fora number of 21 beds (alpha=0.05); 

- the Myopie Procedure performs significantly better in: 

- situation 1 for a number of 19, 20 or 21 beds (alpha=O.Ol); 

- situation 2 fora number 26 and 27 beds (alpha=O.Ol); 

- situation 3 for a number of 20, 22 or 23 beds (alpha=0.05) 

We can conclude that the Balancing Procedure performs better in situation 1 and situation 2 

when both capacity resources are scarce. When the operating theater capacity is less scarce 

both procedures perform equally wel!. When the bed capacity is less scarce the Myopie 

Procedure performs better. 

Figure 9.4 presents the occurrence of incidental blocking using the Balancing Procedure in 

each of the three situation. Th is figure demonstrates that the occurrence of incidental blocking 

is the lowest in Situation 1 and the highest in Situation 3. A low occurrence of blocking 

means a high occupancy of the resources and thus a need for less beds in order to achieve 

121 



Chapter 9 

the same occupancy as in a situation in which the occurrence of blocking is higher. 

operaUng thealar occupancy 
1.----------------------------. 

0.96 ..................... . 

.. .......... -Silualion1· 

+snuanon 2 
*SI1uation 3 0.8 L.._ ____________________ ...J...._ ____ __J 

87 97 107 117 127 

Bll8ilabla bad capacity Qn 'I) 

Figure 9.4: The occurrence of incidental blocking in each of the three situations 

4.3.3 Impact of the length of the waiting list 
The influence of the length of the waiting list on the performance of the various actmission 

polides is investigated here. 

Expectations 

We expect that the performance of the Myopie Procedure and the Balancing Procedure will 

initially imprave as the length of the waiting list increases. A Jonger waiting list in this 

context means that more patients are on the waiting list and, thus, more alternative actmission 

proposals can be made. 

Resu/ts 

Tables 9.16 and 9.17 present the results of simulations using the M yopic and the Balancing 

Procedure for Situation 1 with a distribution of operating capacity over three days of the week 

and a waiting list length of 16, 24 and 32 patients. 

Conclusions 

From Tables 9.16 and 9.17 we can conclude that the performance of the Myopie Procedure 

impraves as the length of the waiting list increases. This is exactly what we expected since 

the number of combinations of patients which can fully occupy the operating theater 

increases. The performance of the Balancing Procedure sametimes increases (especially when 

the number of available beds is high) and sametimes decreases. The explanation for this 
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Beds 

14 

15 

16 

17 

18 

19 

20 

21 

Table 9.16: 

Beds 

14 

15 

16 

~ 
19 

20 

21 

Table 9.17: 

Waiting list : 16 Waiting list: 24 Waiting list: 32 

0.8133 0.8187 0.8229 

0.8679 0.8737 0.8787 

0.9143 0.9203 0.9247 

0.9562 0.9729 0.9803 

0.9849 0.9947 0.9982 

0.9943 0.9983 1.0000 

0.9979 0.9998 1.0000 

0.9988 0.9998 1.0000 

lnfluencc of thc length of the waiting list using the Myopie Procedure for Situation 1 with a 

distribution of the opcrating time over three days of the week 

Waiting list : 16 
.. 

list: 24 Waîting list: 32 

0.8324 0.8240 0.8332 

0.8877 0.8575 0.8607 

0.9415 0.8971 0.8960 

0.9762 0.9553 0.9550 

0.9878 0.9849 0.9602 

0.9891 0.9959 0.9931 

0.9899 0.9979 0.9995 

0.9904 0.9991 0.9997 

Influence of the length of the waiting list using the Balancing Procedure for Situation l with a 

distribution of the opcrating time over three days of the week 

behavîor when the Balancing Procedure is used is that when the number of available bedsis 

low, this procedure tends to select patients which require a small number of bed-days. When 

the waiting list size increases, more patients in this category can be found and the occupancy 

decreases. However, when the number of available bedsis high, this procedure selects patients 

in equal quantities from all categories. When the waiting list size increases, it is easier to 

smooth the effect of the Poission arrival of each patient category on the waiting list. This 
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means that it is easier to select patients at a rate equal to their average arrival rate. 

9.4 Discussion 

In the sections above we have gained some insights into the way in which an admission 

policy must be developed to achieve a high occupancy of the operaring theater. We have seen 

that an actmission policy which is able to achieve a high occupancy of the operaring theater 

does not admit the patients from the waiting list in a first-come first-serve order. In actdition 

we have concluded that such a policy must balance both the configuration of patients in the 

hospital and the configuration of patients at the waiting-list 

With respect to choosing an actmission policy which is suitable for a given situation we have 

demonstrated that the situation in which the admission policy is used, the distribution of 

operaring capacity over the days of the week, the available capacity and the length of the 

waiting list are all factors which determine which type of policy should be used. 

We have seen that hospital management can minimize the occurrence of structural blocking 

by distributing the available operating capacity over as many days of the week as possible. 

The number of days over which the operating capacity can be distributed depends partly upon 

the operating time which is required for each patient category. It is of no use to distribute the 

operating capacity in such a way that it is no Jonger possible to complete the operation on a 

patient during a single sessîon. 

We also have seen that provided that the both bed capacity and operating capacity are scarce, 

the Balancing Procedure performs best in both situation 1 and situation 2 in case the operating 

theater capacity is distributed over two or three days in the week. 

In case only the operating theater capacity is scarce or the operating theater capacity is 

distributed over six days a week the Myopie Procedure performs best. 

To conclude, we have demonstrated that the occurrence of incidentàl blocking is the highest 

in a situation in which the ratios between required amount of operating theater capacity and 

required amount of bed capacity differ the most between the patient categories. In such a 

situation more capacity needs to be allocated to a specialism in order to achieve the same 

occupancy as a specialism for which the ratios between required amount of operating theater 

capacity and required amount of bed capacity do not differ much per patient category. 

The results summarized above are based upon a simulation study in which it is assumed that 

there are no emergency patients, the capacity needs are deterministic and the admission 

decision is taken at the beginning of the day on which a patient is admitted. In the paragraph 
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below we consicter what might happen with the performance of the actmission policies if the 

above assumptions are no Jonger valid. 

As described in Chapter 3, the flow of emergency patients is a patient flow which cannot be 

controlled at the operational level. The only way in which it can be assured that emergency 

patients can be admitted into the hospita! is by reserving capacity for these patients. A large 

amount of capacity must be reserved to ensure that all emergency patients can be admitted 

into the hospita! without cancelling elective patients. The reservations must be large since 

emergency patients arrive according to a Poisson process and need to be admitted into the 

hospita! immediately. When hospita! management does not want to reserve this much 

capacity, the alternative is to cancel the scheduled admissions of elective patients. This means 

that by including emergency patients in the patient flow control, the performance of the 
actmission policies wil! decrease since either capacity reservations need to be made for 

emergency patients or the number of cancellations of elective patients will increase. In 

addition, admitting emergency patients will also affect the occurrence of incidental blocking. 

Whether this would be a positive or negative effect is not directly obvious. 

The assumption that the capacity needs for patients are deterministic does not affect the 

performance of the actmission policîes, provided that the information about the availability of 

resources at the time new patients can be admitted is accurate. Also, it must be assumed that 

there are possibilities for lengthening an operaring session. If it is not possible to lengthen an 

operating session and it turns out that the scheduled operations take longer than scheduled, 
one or more patients will need to be cancelled. Otherwise, this also means that the operations 

may take less time than planned, thus reducing the occupancy of the operating theater. When 

the information about the availability of the resources is not accurate (for example, in the 

situation that an admission decision is made several days before the actual admission date) 

there will be a risk that some patients will need to be cancelled or the occupancy of the beds 

will decrease. 
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Conclusions and Recommendations 

This last chapter presents an overview of the main conclusions of our research. This includes: 

the model of the primary process, 

the development and evaluation of the decision support system for actmission planning, and 

- the development and evaluation of an actmission policy. 

Where required, the need for further research will be indicated. 

10.1 Model of the primary process 

The subject of our study was the impravement of the patient flow control by means of 

actmission planning in a surgical hospita! in a situation with multiple resource constraints. 

In our study we have modelled this type of a department as a flow shop which processes 

several different types of orders and without an intermediale buffer between the stages. This 

way of modelling has made it obvious that blocking can occur in this type of situation. 

Blocking is defined here as the phenomenon which occurs in situations in which the available 

capacity at one stage cannot be used because the capacity required to process another order 

is not available at a different stage. Blocking can lead to a loss of capacity utilization in this 

case. In order to achieve a high utilization of the resources, the occurrence of blocking has 

to be minimized. 

To be able to minimize the occurrence of blocking, information is required about the 

utilization of the resources in the future and the capacity requirements for each individual 

patient on the waiting list. To minimize the occurrence of blocking, an actmission policy must 

take all of the scarce resources into account, contrary to many of the admission policies 

proposed in the literature. 

10.2 Decision support system 

The decision support system for actmission planning was developed to provide the actmission 

planner with all of the information required to achieve the actmission planning objectives. lt 

is assumed that actmission planning should contribute to the achievement of the following 

objectives: 

a high, balanced utilization of the available resources, 
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- a reduction in the time a patient stays on the waiting list, 

- an increased period of time between a notification of admission and the actual admission 

date, 
- a reduction of the time between admission and discharge, 
- an improvement in the service provided to emergency patients. 

To achieve the aforementioned objectives, the decision support system needs to provide the 

admission planner with information about: 

- the availability of beds, nursing capacity and operating capacity for a few days into the 

future, 
- the need for beds, nursing capacity and operating capacity for an individual patient, 

- the diagnosis, operation, specialist and ward of a patient, 

- the waiting time of a patient, 

- the urgency status of a patient, 
- the capacity reservations for emergency patients, 
- the results of the pre-operative screening, 
- the need for blood, a prosthesis or other facilities. 

The prediction models developed by Kusters [1988] are used to calculate the future resource 

availability, the capacity needs for an individual patient and the capacity to be reserved for 

emergency patients. 

The decision support system was implemented in three surgical departments in three different 

hospitals. These implementation cases demonstrated that the prediction models developed by 

Kusters need to be adjusted to the specific situation of each departrnent. The adjustments 

which were required in these cases depended upon the way in which: 

- capacity reservations were made for emergency patients, 
- operations were allocated to specialists, 

- patients were allocated to wards, and 

- patient data was registered. 

When operadon time for emergency patients is reserved at a central location in the 

organization, it is not necessary to reserve operadon time for these patients at the department 

leveL The same conclusion can be made for bed reservations for emergency patients. 

When it is always known which specialist operates on a patient, better predictions of the 

duration of an operadon can be made when they are based upon both the type of operation 

performed and the specialist who performs the operation. 
When all of the patients of one specialist cannot be admitted to the same ward, it is necessary 
to make separate prediedons for each ward in which the patients can be admitted. 

When the type of operadon of a patient is known, but not his diagnosis, predictions of the 

length of stay need to be based upon the type of operation. 
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More research is required to detennine whether other types of situations may also require 

adjustments to the prediction models. 

We have stated that the fit between the predierion model for the future bed availability and 

the actual data was quite good in all three cases. Nevertheless, differences in the fit between 

the prediction model and the actual situation still occurred. These differences probably were 

due to: 

differences in patient categories (other specialisms), 

- differences in the standard deviation of the length of stay, 

- differences in the types of patients included in the prediction (elective and emergency 

patients versus only elective patients), 

- differences in the age of the historica) data. 

Definitive statements about the fit between the prediction models and the actual situations in 

the case of the other two prediction models are difficult to make since only limited data is 

available. Further research is recommended in this area. 

It has also become clear that the successof the implementation of the decision support system 

depends upon a number of factors. Case 2 has shown us that imptementing the decision 

support system is not likely to be successful in a situation in which most of the information 

provided by the decision support system is already available or when the available capacity 

of a specialism cannot be determined (e.g. when the capacity is used flexible). In addition, 

Cases 1 and 3 have demonstrated that the implementation of the system introduces more 

problems as more procedural changes are required. 

Performance measurements in Cases 1 and 3 have shown that working with the decision 

support system can significantly improve the throughput of patients and the occupancy of the 

operating theater. 

To conclude, we have indicated that the users evaluated the system as being satisfactory 

except for two points. It was argued that the system must be linked with the hospita! 

information system in order to eliminate the need for duplicate entry of data. The system 

should also provide possibilities for noting the capacity requirements for individual patients 

when these requirements are different from the capacity requirements assumed by the system. 

10.3 Admission policy 

In Chapter 3 of this book it was stated that the occurrence of blocking must be minimized for 

an actmission policy to be able to achieve a high utilization of resources in a situation with 

multiple resource constraints. 
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In Chapter 9, two types of blocking, namely, structural blocking and incidental blocking, were 

identified. Structural blocking is defined as the type of blocking which is caused by decisions 

made at a higher level of control. This means that structural blocking cannot be prevented by 

decisions made at the operational planning level (admission planning). Nevertheless, structural 

blocking can be rninimized at a higher planning level by matching the lengtbs of stay of the 

parient categones with the distribution of operating time over the days of the week. In 

practice, this means that each specialism (or group of specialisms using beds in the same 

ward) must be allocated operaring theater time over as many days of the week as possible in 

order to guarantee the achievement of a high utilization of the resources at the operational 

planning level. Incidental blocking is defined as the type of blocking which is caused by 

decisions made at the operational planning level (admission decisions). The occurrence of 

incidental blocking depends upon: 

- the type of adrnission policy used; 

- the number of available beds; 

the length of the waiting list; 

differences in the ratios of the required bed capacity and the required operaring time 

between the various categories. 

The Balancing Procedure was developed as an example of an admission policy designed to 

minimize the occurrence of blocking. The Balancing Procedure tries to minimize the 

occulTenee of blocking by balancing the future availability of beds and operation time. 

Balancing the future availability of beds and operation time is done by keeping the occupancy 

of both resources within preset boundaries. 

To investigate whether the Balancing Procedure is capable of minimizing the occurrence of 

blocking, the performance of this procedure was determined using a number of situations in 

a simulation study. The results of this study were compared with the results of simulations 

with two other admission polides currently used in practice (the FCFS Procedure and the 

Myopie Procedure). 

Main results of this comparison were that: 

- the Balancing Procedure performs best in situations in which: 

- arelation exists between the required amount of operation time and the required amount 

of bed-days for each patient category (Situations 1 and 2); 

- the operating theater time is distributed over two or three days of the week; and 

- the number of available beds is limited; 

- the Myopie Procedure tends to perform best when: 

- the maximum obtainable operating theater occupancy approaches 100%, 

- the operating theater time is distributed over six days of the week, and 

- no relation exists between the required amount of operation time and the required 
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amount of bed-days (Situation 3); 

blocking has the strongest effects in cases in which the ratio of the required operation time 

and the required number of bed-days is different for each patient categorie (Situation 3); 

- an increase in the length of the waiting list leads to an improvement in the performance 

of the Myopie Procedure; 

an increase in the length of the waiting list sometimes increases and sometimes decreases 

the performance of the Balancing Procedure. 

The simulation study provided valuable insights into the performance of the admission 

policies and, thus, into the way in which admission decisions should be made. A number of 

questions remain unanswered, however. For example, the factor which causes instability in 

the performance of the Balancing Procedure when the length of the waiting list increases is 

still unknown. The effect of changing the boundaries of the Balancing Procedure should also 

be evaluated in more detail. Since the Balancing Procedure can improve the performance of 

admission planning in a number of situations, it is recommended that more research be carried 

out on this subject. Special attention must be paid to setting the boundaries for the bed 

occupancy and the operating theater occupancy, the effect of stochastic lengtbs of stays on 

the performance of this procedure and the unbalanced mix of patients which can occur on the 

waiting list. 
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Appendix A 

Raw Data Orthopedies 1 

This appendix presents the raw data of the orthopedies 1 case. These data have been used to 

detennine the fit between the predictions of the future availability of the beds and the real 

availability of the beds and to calculate the mean and standard deviation of the operating 

theater occupancy and the bed occupancy. 

Tables A.l and A.2 present the predicted availability of the beds and the actual availability 

of the beds for rnales or females for predictions made 1 to 7 days in advance for a situation 

in which the admissions in the coming period are not known. Tables A.3 and A.4 present the 

same type of data for a situation in which the admissions in the coming period are known. 

Tables A. I through A.4 each consist of fourteen columns. These columns can be divided in 

seven sets of two colums. The first of these columns always shows the predicted number of 

available beds. The second column shows the actual number of available beds. The data of 

the first set of columns represent the predicted and actual number of occupied beds for 

predictions made one day in advance, the second set of columns represents the same data for 

predictions made two days in advance etc. 

Tables A.5 and A.6 present the measurements of the use of the available operating time. 

Table A.5 presents the use of the operation time before implementing the decision support 

system en Table A.6 after implementing the system. To conclude, Tables A.7 and A.8 give 

an overview of the number of occupied beds on each day during both measurement periods. 

Table A.7 gives an overview of the bed occupancy during the first measurement period and 

Table A.8 during the second measurement period. 
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7.575 9 6.068 9 5.803 5 5.407 5 5.051 4 5.131 3 4.555 3 
7.303 9 6.797 5 6.143 5 5.52 4 5.455 3 4.982 3 4.888 2 
8.806 6 7.629 6 6.985 5 6.818 3 6.185 3 5.922 2 5.689 2 
6.416 7 5.917 6 5.728 3 5.082 3 4.803 2 4.57 2 4.115 1 
9.463 9 8.984 5 7.818 5 7.19 3 6.587 3 6.34 2 5.904 2 
9.585 6 7.961 6 7.245 3 6.514 3 5.941 2 5.523 2 4.667 2 
5.167 6 4.99 3 4.595 3 4.317 2 3.931 2 3.17 2 2.88 3 
5.993 3 5.609 3 5.448 2 5.048 2 4.197 2 4.406 3 4.162 3 
2.708 3 2.875 2 2.603 2 1.977 2 2.186 3 2.17 3 2.076 3 
3.133 2 2.792 2 2.094 2 2.287 3 2.272 3 2.178 3 2.095 3 
3.384 3 3.428 3 3.794 3 3.778 3 3.685 3 3.602 3 3.345 3 
3.354 4 3.617 3 3.71 3 3.546 3 3.463 3 3.536 3 3.261 3 
3.83 3 3.93 3 3.513 3 3.43 3 3.503 3 3.307 3 3.204 3 
4.647 4 4.586 4 4.38 4 4.442 3 4.116 3 4.083 3 3.836 3 
4.138 4 3.975 4 4.216 3 3.889 3 3.856 3 4.149 3 3.983 3 
3.85 4 4.103 3 3.826 3 3.793 3 4.086 3 4.07 3 3.603 3 
4.253 3 3.958 3 3.925 3 4.218 3 4.203 3 3.718 3 3.375 4 
5.134 5 5.094 5 5.231 5 5.215 5 4.735 5 4.392 6 3.915 6 
6.442 8 6.318 6 6.411 5 5.735 5 5.392 6 5.19 6 4.744 7 
6.939 6 6.938 5 5.621 5 5.208 6 4.998 6 4.882 7 4.476 8 
6.536 5 4.85 5 4.441 6 4.184 6 4.068 7 3.724 8 3.421 7 
4.485 5 4.091 6 3.998 6 3.883 7 3.539 8 3.776 7 3.235 7 
4.437 6 4.5 6 4.234 7 3.674 8 3.954 7 3.522 7 3.148 7 
5.969 6 5.662 7 5.061 8 5.312 7 4.759 7 4.366 7 4.077 7 
7.176 9 6.137 10 6.344 8 5.577 8 5.035 8 4.645 8 3.366 8 
8.276 11 7.954 9 6.695 8 6.062 8 5.668 8 4.542 8 3.964 9 

11.725 12 9.392 11 8.73 10 8.266 9 6.925 8 6.188 9 5.783 7 
10.651 11 9.875 10 9.431 9 7.878 8 7.132 9 6.805 7 5.919 7 
10.718 10 10.301 9 8.853 8 8.083 9 7.751 7 7.232 7 6.793 4 
10.409 10 8.724 9 7.658 10 7.11 8 6.469 8 6.18 5 5.956 3 
8.098 9 6.818 10 6.223 8 5.548 8 5.245 5 5.022 3 4.319 3 
7.892 10 7.157 8 5.662 8 5.204 5 4.831 3 3.806 3 2.953 3 

10.277 9 8.749 9 8.372 6 7.999 4 6.946 4 6.382 4 5.639 4 
10.732 11 9.83 8 8.937 6 7.573 6 6.842 6 6.018 6 5.69 5 
12.734 10 11.619 8 9.661 8 8.646 8 7.617 8 7.344 7 6.831 6 
9.213 8 7.104 8 6.866 8 6.013 8 5.684 7 5.711 6 5.105 5 
6.25 8 5.997 8 5.092 8 4.963 7 4.989 6 4.833 5 4.475 5 
7.663 8 6.217 8 6.088 7 6.114 6 5.958 5 5.558 5 4.992 5 
6.8 8 6.671 7 6.531 6 6.375 5 5.892 5 5.159 5 4.678 4 

10.794 10 10.25 8 9.913 7 9.216 7 7.993 7 7.683 6 6.384 4 
9.222 8 8.753 7 8.076 7 7.261 7 6.943 6 5.707 4 4.815 4 
8.175 8 7.162 8 6.444 8 6.163 7 5.333 5 4.759 4 4.007 4 
6.912 8 6.56 8 6.207 7 5.344 5 4.716 4 4.437 4 3.59 5 
7.636 8 6.628 7 5.599 5 4.925 4 4.595 4 3.677 5 3.259 5 
6.938 7 5.828 5 5.08 4 4.718 4 3.778 5 3.361 5 3.278 5 
6.685 5 5.693 4 5.242 4 4.778 5 4.361 5 4.278 5 4.021 5 
5.176 5 5.015 5 4.7 5 4.222 5 4.139 5 4.212 5 3.936 5 
4.262 5 3.853 5 3.189 5 3.105 5 3.179 5 2.983 5 2.88 4 
5.647 6 4.262 6 3.935 6 3.718 5 3.221 5 3.098 4 2.981 5 
5.714 6 5.33 6 5.091 5 4.395 5 4.172 4 4.595 5 3.988 4 
5.619 6 5.37 5 4.7 5 4.466 4 4.889 5 4.264 4 3.536 4 
5.62 5 4.822 5 4.541 4 4.964 5 4.305 4 3.578 4 3.37 4 
4.8 5 4.594 4 5.011 5 4.475 4 3.735 4 3.485 4 3.128 3 
5.792 5 6.208 6 5.781 5 4.985 5 4.652 5 4.57 4 4.494 3 
6.514 7 5.993 6 5.246 6 4.63 6 4.67 5 4.674 4 4.304 3 
6.016 6 5.253 6 4.641 6 4.669 5 4.673 4 4.384 3 4.204 3 
4.888 6 4.291 6 4.484 5 4.488 4 4.199 3 4.559 3 4.268 1 
5.333 6 5.497 5 5.55 4 5.261 3 5.621 3 5.438 1 5.012 3 
6.08 5 6.134 4 5.678 3 6.038 3 5.772 1 5.178 3 4.945 3 
5.584 5 5.498 4 5.858 4 5.438 2 5.345 4 5.112 4 4.448 4 
5.504 5 5.89 5 5.3 3 5.206 5 4.973 5 4.64 5 4.284 4 

Table A.l: predieled and real number of occupied beds for rnales in a situation in which the admissions in the 
coming period are not known 
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14.18 14 13.332 13 12.822 12 12.604 12 12.385 12 11.707 9 10.055 9 
14.345 14 13.85 13 13.391 12 12.885 12 11.937 9 10.525 9 9.68 11 
13.092 13 12.487 12 12.13 12 11.182 9 9.77 9 9.245 11 7.879 9 
13.791 12 12.933 12 11.989 9 10.465 9 10.014 11 8.859 9 7.792 9 
12.628 12 11.643 9 10.341 9 10.05 11 9.14 9 8.251 9 7.747 8 
12.438 10 11.143 10 11.004 12 10.08 10 9.183 10 9.009 9 8.734 8 
9.161 10 9.481 12 8.945 10 7.911 10 7.791 9 7.686 8 7.103 8 

10.666 12 10.143 10 8.996 10 8.877 9 8.771 8 8.359 8 7.772 7 
12.209 11 10.859 11 10.808 10 10.567 9 10.154 9 9.767 8 9.038 8 
12.41 14 12.149 13 11.808 12 11.237 12 10.849 11 10.434 10 9.914 9 
15.759 15 14.881 14 14.202 14 13.675 12 13.24 11 12.7 10 12.189 10 
15.09 14 14.353 14 13.888 12 13.453 11 12.886 10 12.574 10 11.989 9 
13.615 14 13.174 12 13.177 11 12.681 10 12.412 10 12.287 9 11.916 9 
14.662 l3 14.65 12 14.174 11 13.748 11 13.577 10 13.352 10 13.229 11 
13.634 12 13.154 11 12.808 11 12.638 10 12.413 10 12.46 11 11.933 10 
14.595 14 14.058 14 13.956 12 13.522 12 13.569 13 13.372 12 12.185 12 
13.165 15 12.984 12 12.579 12 12.626 13 12.383 12 11.632 12 10.107 9 
16.756 14 15.98 14 15.806 15 15.203 13 14.136 13 12.59 10 11.588 JO 
14.373 15 14.218 16 13.825 14 12.931 14 11.339 10 10.543 10 9.949 9 
15.056 16 13.9 14 13.158 14 11.566 10 10.769 10 10.636 9 10.069 9 
16.595 16 15.437 16 13.528 12 12.651 11 12.484 10 11.957 10 11.108 10 
16.13 17 14.262 12 13.402 11 13.362 10 12.835 10 12.157 10 11.428 8 
16.085 15 14.723 12 14.59 11 13.878 11 13.199 11 12.8 9 11.377 9 
15.695 15 15.096 14 13.804 14 12.695 14 11.776 9 10.723 9 9.891 6 
14.646 14 13.524 14 12.15 14 11.194 9 10.141 9 9.459 6 8.693 6 
12.652 14 11.134 14 10.018 9 8.905 9 8.223 6 7.546 6 6.623 6 
12.41 14 11.068 9 10.06 9 9.372 6 8.662 6 8.168 6 7.562 6 
13.682 10 12.598 10 11.787 7 10.453 7 9.693 7 9.086 7 7.814 7 
9.825 10 9.51 7 8.801 7 8.158 7 7.676 7 6.725 7 5.863 5 
9.88 7 9.198 7 8.569 7 8.087 7 7.136 7 6.435 5 5.207 5 

14.69 16 12.582 16 10.41 8 10.143 8 9.824 8 9.918 9 9.65 7 
13.523 16 10.345 8 10.147 8 9.751 8 9.845 9 10.037 7 9.679 8 
12.07 9 11.715 9 11.041 9 11.056 10 11.215 8 10.97 9 10.593 8 
10.164 10 9.819 10 9.859 11 9.822 9 9.56 10 9.478 9 8.951 9 
9.845 10 9.912 11 9.683 9 9.422 10 9.339 9 9.142 9 8.34 7 

13.005 14 12.171 12 11.791 13 11.291 12 11.048 12 10.682 10 10.224 8 
15.232 14 14.652 14 13.716 13 12.823 13 11.937 11 11.539 9 11.199 10 
13.776 14 12.756 13 11.982 13 11.504 ll 11.378 9 11.262 10 9.712 9 
12.033 12 11.721 12 11.683 10 11.556 8 11.426 9 10.189 8 9.81 7 
13.103 13 13.061 ll 12.925 9 12.655 10 10.489 9 10.206 8 9.457 8 
15.074 13 14.874 ll 14.661 12 12.417 11 12.135 10 11.555 10 10.954 10 
14.04 12 14.022 13 11.62 12 11.314 11 10.916 11 10.645 11 10.242 11 
14.079 15 12.026 14 11.589 13 10.931 13 10.57 13 10.627 13 9.171 9 
13.131 14 12.666 13 12.039 13 11.657 13 11.714 13 10.247 9 9.296 8 
13.905 13 13.247 13 12.902 13 12.96 13 11.434 9 10.664 8 10.295 8 
12.352 13 11.938 13 12.147 13 10.531 9 9.676 8 9.767 8 9.437 7 
12.344 13 12.566 13 10.814 9 9.826 8 9.917 8 9.757 7 9.351 7 
14.428 14 12.484 10 10.988 9 10.41 8 10.03 7 9.654 7 9.18 7 
13.424 11 11.862 10 11.382 9 10.874 8 10.498 8 10.354 8 9.272 9 
12.826 13 12.347 12 11.638 11 10.332 11 9.749 11 8.823 12 7.419 6 
13.394 12 11.761 11 10.466 11 9.873 11 8.881 12 7.615 6 6.966 6 
11.288 11 10.012 11 9.494 11 8.643 12 7.33 6 6.888 6 6.626 6 
10.043 11 9.519 11 9.069 12 7.882 6 7.509 6 7.703 6 7.427 6 
11.114 12 10.406 13 9.143 7 8.673 7 8.842 7 8.736 7 8.613 7 
12.212 14 10.749 8 10.321 8 10.462 8 10.356 8 10.403 8 10.11 8 
13.251 9 12.773 9 12.895 9 12.703 9 12.751 9 12.741 9 11.993 9 
10.121 10 10.299 10 10.32 10 10.287 10 10.211 10 10.018 10 9.36 9 
11.372 11 11.404 11 11.421 11 11.231 11 11.039 11 10.481 10 10.145 9 
11.513 11 11.548 11 11.349 11 11.156 11 10.47 10 10.278 9 10.046 9 
11.246 11 11.084 11 11.043 11 10.356 10 10.165 9 10.393 9 10.074 9 
12.023 12 11.906 12 11.245 11 10.933 10 10.952 10 10.732 10 10.164 7 

Table A.2: Predictcd and real number of occupied beds for females in a situation in which tbe actmisslons in the 
coming period are not known 
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7575 9 7.068 10 7.723 7 9.827 10 11.441 11 10.5 6 9.075 6 
8.303 10 8.717 7 10.563 10 11.91 11 10.825 6 9.502 6 8.998 3 
9.806 7 11.629 10 12.955 11 11.858 6 10.535 6 10.032 3 9.309 3 
9.416 10 10.887 11 9.768 6 8.432 6 7.913 3 7.19 3 6.415 2 

11.463 11 10.144 6 8.638 6 7.9 3 7.177 3 7.69 3 7.194 3 
9.585 6 7.961 6 7.245 3 6514 3 6.941 3 7.523 4 5.867 4 
5.167 6 4.99 3 4.595 3 5.317 3 5.931 4 4.37 4 3.95 3 
5.993 3 5.609 3 6.448 3 7.048 4 5.397 4 6.476 4 6.232 4 
2.708 3 3.875 3 4.603 4 3.177 4 4.256 4 4.24 4 4.076 4 
4.133 3 4.792 4 3.294 4 4.357 4 4.342 4 4.178 4 3.945 4 
4.384 4 3.628 4 4.864 4 4.848 4 4.685 4 4.452 4 4.195 3 
3.354 4 4.617 4 4.71 4 4.546 4 4.313 4 6.387 5 6.011 5 
4.83 4 4.93 4 4.513 4 4.28 4 6.353 5 9.057 8 7.354 8 
4.647 4 4.586 4 4.38 4 6.442 5 9.116 8 7.483 8 6.826 6 
4.138 4 3.975 4 6.216 5 8.889 8 7.256 8 7.139 6 6.973 5 
3.85 4 6.103 5 8.826 8 7.193 8 7.076 6 7.06 5 6.353 5 
6.253 5 8.958 8 7.325 8 7.208 6 7.193 5 6.468 5 6.125 6 
8.134 8 6.494 8 6.371 6 6.355 5 5.735 5 5.392 6 4.915 6 
6.442 8 6.318 6 6.411 5 5.735 5 5.392 6 7.19 8 5.924 9 
6.939 6 6.938 5 5.621 5 5.208 6 6.998 8 8.062 ll 6.136 11 
6.536 5 4.85 5 4.441 6 6.184 8 7.248 11 9.384 15 5.651 12 
4.485 5 4.091 6 5.998 8 7.063 11 9.199 15 8.006 14 5.345 11 
4.437 6 6.5 8 7.414 11 9.334 15 8.184 14 5.632 11 4.728 10 
7.969 8 8.842 11 10.721 15 9.542 14 6.869 l1 6.946 11 6.457 10 
9.176 11 11.027 15 9.834 14 7.077 11 7.155 11 6.665 10 5.166 9 

12.276 15 11.044 14 8.135 11 8.182 11 7.688 10 6.342 9 5.564 10 
13.725 14 9.832 11 9.85 11 9.286 10 7.725 9 7.788 11 7.183 9 
10.651 11 10.875 11 10.331 10 8.678 9 8.732 11 12.205 13 9.519 11 
11.718 11 11.201 10 9.653 9 9.683 11 13.151 13 12.832 13 11.833 10 
10.409 10 8.724 9 8.658 11 12.11 13 11.769 13 11.92 11 10.296 8 
8.098 9 7.818 11 11.223 13 10.847 13 10.985 11 9.362 8 8.089 8 
8.892 11 12.157 13 10.962 13 10.944 11 9.171 8 7.576 8 6.523 8 

14.277 13 13.049 13 13.112 11 11.339 8 9.716 8 8.952 8 7.939 8 
12.732 13 12.73 11 10.937 8 9.243 8 8.312 8 10.318 11 9.89 10 
13.734 11 11.819 8 9.731 8 8.716 8 10.617 11 10.244 10 9.301 8 
9.213 8 7.104 8 6.866 8 9.013 11 8.584 10 11.181 11 7.795 8 
6.25 8 5.997 8 8.092 11 7.863 10 10.459 11 7.523 8 6.655 8 
7.663 8 9.217 11 8.988 10 1L'i84 11 8.648 8 7.738 8 6.682 8 
9.8 11 9.571 10 12.001 11 9.065 8 8.072 8 6.849 8 6.078 7 

10.794 10 13.25 11 10.423 8 9.346 8 8.123 8 8.683 8 6.474 5 
12.222 11 9.263 8 8.206 8 7.391 8 7.943 8 6.797 6 5.035 5 
8.175 8 7.162 8 6.444 8 7.163 8 6.423 6 4.979 5 4.067 5 
6.912 8 6.56 8 7.207 8 6.434 6 4.936 5 5.497 6 4.65 6 
7.636 8 7.628 8 6.689 6 5.145 5 5.655 6 4.737 6 4.259 6 
7.938 8 6.918 6 5.3 5 5.778 6 4.838 6 4.361 6 4.008 6 
7.685 6 5.913 5 6.302 6 5.838 6 5.361 6 5.008 6 4.471 5 
5.176 5 6.015 6 5.7 6 5.222 6 4.869 6 4.662 5 4.116 5 
5.262 6 4.853 6 4.189 6 3.835 6 3.629 5 4.163 6 3.97 5 
5.647 6 4.262 6 3.935 6 3.718 5 4.221 6 5.098 6 4.881 7 
5.714 6 5.33 6 5.091 5 5.395 6 6.172 6 6.495 7 5.788 6 
5.619 6 5.37 5 5.7 6 6.466 6 6.789 7 6.064 6 5.136 6 
5.62 5 5.822 6 6.541 6 6.864 7 6.105 6 5.178 6 4.77 6 
5.8 6 6.594 6 6.911 7 6.275 6 5.335 6 4.885 6 4.428 5 
6.792 6 7.108 7 6.581 6 5.585 6 5.052 6 5.87 6 4.994 5 
6.514 7 5.993 6 5.246 6 4.63 6 5.67 6 5.874 6 5.374 5 
6.016 6 5.253 6 4.641 6 5.669 6 5.873 6 6.454 6 6.274 6 
4.888 6 4.291 6 5.484 6 5.688 6 6.269 6 7.629 7 7.018 5 
5.333 6 6.497 6 6.75 6 7.331 6 8.691 7 8.188 5 7.632 7 
7.08 6 7.334 6 7.748 6 9.107 7 8.522 5 7.798 7 7.315 7 
6.584 6 7.498 6 8.857 7 8.188 5 7.965 7 7.482 7 6.568 7 
6.504 6 7.89 7 7.05 5 6.826 7 6.343 7 6.76 8 6.154 6 

Table A.3: predicted and real number of beds for rnales in a situation in which the admissions for the coming period 
are k:nown 
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15.18 15 14.332 14 14.822 14 15.254 13 14.515 13 13.307 10 11.475 10 
14.345 14 14.85 14 15.311 13 14.565 13 13.357 10 11.855 10 10.85 12 
14.092 14 14.407 13 13.81 13 12.602 10 11.1 10 11.415 13 9.879 11 
14.791 13 14.193 13 12.989 10 11.465 10 12.014 13 13.859 14 12.602 14 
13.628 13 12.643 10 11.341 10 12.05 13 14.14 14 15.061 16 14.117 15 
12.438 10 11.143 10 12.004 13 14.08 14 14.993 16 14.509 15 13.844 14 
9.161 10 10.481 13 12.945 14 13.721 16 13.291 15 12.796 14 11.883 14 

11.666 13 14.143 14 14.806 16 14.377 15 13.881 14 14.139 15 13.492 13 
15.209 14 15.669 16 15.308 15 14.757 14 15.014 15 14.567 13 13.708 12 
14.41 16 13.959 15 13.498 14 13.737 15 13.289 13 15.874 15 14.644 14 
15.759 15 14.881 14 15.202 15 14.675 13 17.24 15 16.99 15 15.199 15 
15.09 14 15.353 15 14.888 13 17.453 15 17.176 15 17.584 17 16.959 14 
14.615 15 14.174 13 17.177 15 16.971 15 17.422 17 18.257 15 16.876 15 
14.662 13 17.65 15 17.464 15 17.838 17 18.627 15 17.392 15 16.999 16 
16.634 15 16.444 15 16.898 17 17.688 15 16.453 15 18.23 18 16.813 16 
15.595 15 16.058 17 16.956 15 15.722 15 17.499 18 17.412 17 14.915 17 
15.165 17 15.984 15 14.779 15 16.556 18 16.423 17 17.362 20 13.787 15 
17.756 15 16.18 15 18.006 18 17.873 17 18.766 20 18.26 18 16.278 15 
14.373 15 16.218 18 16.495 17 17.561 20 17.009 18 16.233 16 14.259 14 
17.056 18 16.57 17 17.788 20 17.236 18 16.459 16 14.946 14 13.459 14 
17.595 17 18.727 20 18.198 18 17.421 16 15.874 14 14.427 14 12.728 14 
19.13 20 18.842 18 18.122 16 16.752 14 15.305 14 15.777 16 14.528 10 
19.085 18 18.263 16 16.88 14 15.428 14 15.899 16 14.98 10 13.467 10 
16.695 16 15.296 14 14.004 14 14.695 16 13.776 10 12.723 10 11.771 7 
14.646 14 13.524 14 14.15 16 13.194 10 12.141 10 12.339 8 10.323 8 
12.652 14 13.134 16 12.018 JO 10.905 10 11.103 8 12.176 11 10.373 10 
14.41 16 13.068 10 12.06 10 12.252 8 13.292 11 11.918 10 10.682 10 
13.682 JO 12.598 JO 12.787 8 13.653 I 1 12.153 10 11.086 10 9.544 10 
9.825 10 10.51 8 12.001 11 10.618 JO 9.676 10 10.455 12 8.573 8 

10.88 8 12.398 11 11.029 10 10.087 10 10.866 12 10.145 9 8.297 9 
14.69 16 13.582 17 12.41 10 12.143 10 14.734 13 16.468 16 15.82 14 
14.523 17 12.345 10 12.147 10 14.661 13 16.395 16 16.207 14 15.269 14 
13.07 10 12.715 10 14.951 13 16.686 16 16.465 14 15.64 14 14.383 13 
10.164 10 12.819 13 14.609 16 14.312 14 13.68 14 13.788 14 12.611 14 
12.845 13 14.662 16 14.173 14 13.542 14 13.649 14 14.802 16 13.39 14 
15.005 16 14.041 14 13.541 14 13.641 14 14.748 16 14.772 15 14.194 13 
15.232 14 14.652 14 14.716 14 15.823 16 15.847 15 17.419 15 16.869 16 
13.776 14 13.756 14 14.982 16 15.414 15 17.258 15 16.932 16 14.992 15 
13.033 13 14.721 15 15.593 14 17.436 14 17.096 15 15.469 14 14.66 13 
15.103 15 16.061 14 17.925 14 17.565 15 15.219 14 14.576 13 13.567 13 
16.074 14 17.874 14 17.571 15 15.147 14 14.505 13 13.665 l3 12.974 13 
16.04 14 15.932 15 13.35 14 12.764 13 12.106 13 12.745 14 12.202 14 
14.079 15 12.026 14 11.589 13 10.931 13 11.57 14 12.487 15 10.881 11 
13.131 14 12.666 13 12.039 13 12.657 14 13.574 15 14.957 14 12.946 13 
13.905 13 13.247 13 13.902 14 14.82 15 16.144 14 14.314 13 13.875 12 
12.352 13 12.938 14 14.007 15 15.241 14 13.326 13 13.347 12 12.297 11 
13.344 14 14.426 15 15.524 14 13.476 13 13.497 12 12.617 11 11.391 11 
15.428 15 16.484 14 14.138 13 13.56 12 12.68 11 12.484 12 11.67 12 
16.424 14 14.012 13 13.532 12 12.604 11 12.408 12 12.924 13 11.572 14 
12.826 13 12.347 12 11.638 11 11.332 12 11.749 13 11.823 15 10.419 9 
13.394 12 11.761 11 11.466 12 11.873 13 11.881 15 11.615 10 10.886 10 
11.288 ll 11.012 12 11.494 13 11.643 15 11.33 1() 11.808 11 11.546 11 
11.043 12 11.519 13 12.069 15 11.882 10 12.429 11 12.623 11 12.267 11 
12.114 13 12.406 15 12.143 10 12.673 11 12.842 11 12.656 11 12.453 11 
13.212 15 12.749 10 13.321 11 13.462 11 13.276 11 14.243 12 13.87 12 
14.251 10 14.773 ll 14.895 11 14.703 11 15.671 12 17.581 14 16.743 14 
11.121 11 11.299 ll 11.32 11 12.287 12 14.131 14 14.848 15 14.16 14 
11.372 11 11.404 11 12.421 12 14.231 14 14.949 15 14.361 14 13.765 13 
11.513 11 12.548 12 14.349 14 15.066 15 14.35 14 14.898 14 13.876 12 
12.246 12 14.084 14 14.953 15 14.236 14 14.785 14 15.223 13 13.314 12 
14.023 14 14.906 15 14.245 14 14.793 14 15.232 13 14.492 13 13.114 10 

Table A.4: Predicted and real numbcr of occupied beds for femals in a situation in which the admissions for the 
coming period are known 
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Allocated OJ:emting time 
(in mmutes) 

Used operating time 
(in minutes) 

Opemting theater occupancy 
(in percentages) 

480 520 108 
480 415 86 
480 300 63 
240 165 69 
240 150 63 
480 405 84 
480 490 102 
240 330 138 
480 375 78 
240 125 52 
240 190 79 
480 120 25 
240 295 123 
240 295 123 
480 330 69 
480 430 90 
240 195 81 
240 145 60 
480 320 67 
480 430 90 
480 430 90 
480 370 77 

Table A.5: Operating theater occupancy during the frrst measurement period 

Allocated operating time 
(in mmutes) 

Used operating time 
(in mi nut es) 

pemting theater occupancy 
(in percentages) 

480 465 97 
480 500 104 
480 460 96 
480 485 101 
240 220 92 
240 305 127 
240 295 123 
480 430 90 
480 425 89 
480 455 95 
240 280 117 
240 180 75 
480 475 99 
480 390 81 
480 340 71 
480 325 68 
480 500 104 
120 95 79 
240 425 177 
240 265 110 
480 525 109 
480 475 99 
480 450 94 
480 465 97 
120 110 92 
240 360 150 
240 280 117 
480 485 lOl 

Table A.6: Opemting theater occupancy during the second measurement period 
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Raw Data Orthopedies 1 

date ward 1 ward 2 number of total number occupance rate 
occupied beds of beds bed~ 

01-06-1991 20 2 22 35 62.9% 

02-06-1991 20 2 22 35 62.9% 

03-06-1991 21 2 23 35 65.7% 

04-06-1991 25 4 29 35 82.9% 

05-06-1991 23 4 27 35 77.1% 

06-06-1991 27 4 31 35 88.6% 

07-06-1991 27 4 31 35 88.6% 

08-06-1991 24 4 28 35 80.0% 

09-06-1991 25 2 27 35 77.1 % 

10-06-1991 22 3 27 35 77.1% 

11-06-1991 25 5 31 35 88.6% 

12-06-1991 26 4 30 35 85.7% 

13-06-1991 23 4 27 35 77.1% 

14-06-1991 19 3 23 35 65.7% 

15-06-1991 17 I 18 35 51.4% 

16-06-1991 20 4 24 35 68.6% 

17-06-1991 22 4 26 35 74.3% 

18-06-1991 23 6 29 35 82.9% 

19-06-1991 22 5 28 35 80.0% 

20-06-1991 25 4 30 35 85.7% 

21-06-1991 22 3 26 35 74.3% 

22-06-1991 19 2 23 35 65.7% 

23-06-1991 23 2 25 35 71.4% 

24-06-1991 23 3 26 35 74.3% 

25-06-1991 25 2 27 35 77.1% 

26-06-1991 27 3 30 35 85.7% 

27-06-1991 27 3 31 35 88.6% 

28-06-1991 25 3 29 35 82.9% 

29-06-1991 23 I 25 35 71.4% 

30-06-1991 23 I 25 35 71.4% 

Table A.7: Bed occupancy during the first measurement period. 
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date ward 1 ward2 number of total number occupancy rate 
occupied beds of beds beds 

01-06-1992 16 0 16 35 45.7% 

02-06-1992 21 4 26 35 74.3% 

03-06-1992 22 5 28 35 80.0% 

04-06-1992 26 5 32 35 91.4% 

05-06-1992 20 3 24 35 68.6% 

06-06-1992 19 3 22 35 62.9% 

07-06-1992 21 3 24 35 68.6% 

08-06-1992 19 1 21 35 60.0% 

09-06-1992 16 3 19 35 54.3% 

10-06-1992 17 2 20 35 57.1% 

ll-06-1992 20 4 26 35 74.3% 

12-06-1992 19 2 22 35 62.9% 

13-06-1992 17 2 19 35 54.3% 

14-06-1992 19 0 19 35 54.3% 

15-06-1992 20 3 23 35 65.7% 

16-06-1992 23 4 29 35 82.9% 

17-06-1992 24 1 27 35 77.1% 

18-06-1992 24 3 29 35 82.9% 

19-06-1992 23 2 25 35 71.4% 

20-06-1992 23 2 25 35 71.4% 

21-06-1992 25 2 27 35 77.1% 

22-06-1992 25 1 26 35 74.3% 

23-06-1992 30 2 32 35 91.4% 

24-06-1992 28 4 33 35 94.3% 

25-06-1992 28 4 34 35 97.1% 

26-06-1992 28 4 35 35 100.0% 

27-06-1992 25 2 27 35 77.1% 

28-06-1992 25 2 27 35 77.1% 

29-06-1992 23 1 24 35 68.6% 

30-06-1992 25 5 30 35 85.7% 

Table A.8: Bed occupancy during the second measurement period. 
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Appendix B 

Raw Data Orthopedies 2 

This appendix presents the raw data of the orthopedies 2 case. These data have been used to 

determine the fit between the predictions of the future availability of the beds and the real 

availability of the beds. Tables B.l and B.2 present the predicted availability of the beds and 

the actual availability of the beds for rnales or females for predictions made 1 to 7 days in 

advance for a situation in which the admissions in the coming period are not known. Tables 

B.3 and B.4 present the same type of data for a situation in which the admissions in the 

coming period are known. Tables B.l through B.4 each consist of fourteen columns. These 

columns can be divided in se ven sets of two colums. The first of these columns always shows 

the predicted number of available beds. The second column shows the actual number of 

available beds. The data of the first set of columns represent the predicted and actual number 

of occupied beds for predictions made one day in advance, the second set of columns 

represents the same data for predictions made two days in advance etc. 
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4.964 3 4.964 3 4.891 3 4.855 3 4.782 2 3.691 2 3.618 2 
3 3 2.925 3 2.887 3 2.811 2 2.717 2 2.642 2 1.251 0 
2.925 3 2.887 3 2.811 2 2.717 2 2.642 2 1.251 0 0.954 0 
2.959 3 2.878 2 2.776 2 2.694 2 1.291 0 0.989 0 0.868 0 
2.915 2 2.809 2 2.723 2 1.313 0 1.009 0 0.884 0 0.652 0 
2 2 2 2 0.76 0 0.52 0 0.48 0 0.29 0 0.29 0 
4 4 2.76 2 2.52 2 2.48 2 2.29 2 2.29 2 2.24 2 
2.76 2 2.52 2 2.48 2 2.29 2 2.29 2 2.24 2 2.19 2 
2 2 2 2 2 2 2 2 2 2 2 2 0.76 0 
2 2 2 2 2 2 2 2 2 2 0.76 0 0.52 0 
3 3 3 3 3 3 2.9 3 1.66 1 1.42 1 1.28 1 
4 4 4 4 3.9 4 2.66 2 2.42 2 2.28 2 2.09 2 
4 4 3.9 4 2.66 2 2.42 2 2.28 2 2.09 2 2.09 2 
4.9 5 3.66 3 3.42 3 3.28 3 3.09 3 3.09 3 3.04 3 
3.76 3 3.52 3 3.369 3 3.179 3 3.179 3 3.129 3 2.329 3 
3 3 2.889 3 2.889 3 2.889 3 2.889 3 2.139 3 1.139 2 
2.889 3 2.889 3 2.889 3 2.889 3 2.139 3 1.139 2 1.139 2 
3 3 3 3 3 3 2.25 3 1.25 2 1.25 2 1.25 2 
3 3 3. 3 2.25 3 1.25 2 1.25 2 1.25 2 1.25 2 
4 4 3.25 4 2.25 3 2.1 3 2.1 3 2.1 3 2.1 3 
3.25 4 2.25 3 2.1 3 2.1 3 2.1 3 2.1 3 1.77 2 
3 3 2.85 3 2.85 3 2.85 3 2.85 3 1.77 2 1.77 2 
2.85 3 2.85 3 2.85 3 2.85 3 1.77 2 1.77 2 1.54 2 
4 4 4 4 4 4 2.906 3 2.906 3 2.635 3 2.541 3 
4.07 5 4.06 5 2.956 4 2.926 4 2.655 4 2.561 4 2.342 4 
4.857 5 3.62 4 3.192 4 2.921 4 2.827 4 2.608 4 2.465 4 
4.119 6 3.549 6 3.209 5 3.085 5 2.865 5 2.699 5 1.736 3 
5.064 6 4.428 5 3.896 5 3.667 5 3.467 5 2.207 3 2.064 3 
5.295 5 4.691 5 4.462 5 3.962 5 2.601 3 2.434 3 1.684 2 
4.852 5 4.579 5 4.079 5 2.515 3 2.515 3 1.765 2 1.176 2 
5.011 6 4.451 6 2.805 4 2.805 4 2.055 3 1.44 3 1.31 3 
5.306 6 3.494 4 3.494 4 2.709 3 2.04 3 1.62 3 1.62 3 
5.142 5 5.142 5 3.856 4 3.187 4 2.667 4 2.667 4 2.206 3 
5 5 3.714 4 3.313 4 2.629 4 2.629 4 2.371 3 2.055 2 
4.024 5 3.563 5 2.819 5 2.819 5 2.561 4 2.245 3 1.875 3 
4.348 5 3.471 5 3.471 5 3.213 4 2.897 3 2.237 3 1.997 3 
4.076 5 4.076 5 3.728 4 3.412 3 2.652 3 2.412 3 2.068 2 
6 6 5.652 5 4.652 4 3.728 4 3.488 4 3.144 3 2.638 3 
5.652 5 4.652 4 3.728 4 3.488 4 3.144 3 2.638 3 2.04 3 
6.05 6 5.046 6 4.776 6 4.626 5 4.05 5 3.72 5 2.63 3 
5.004 6 4.744 6 4.622 5 4.045 5 3.713 5 2.623 3 2.522 3 
5.662 6 5.522 5 4.195 5 3.857 5 2.747 3 2.626 3 2.299 2 
5.833 5 4.389 5 4.049 5 2.908 3 2.756 3 2.397 2 1.808 2 
3.914 5 3.565 5 2.515 3 2.454 3 2.189 2 1.674 2 1.634 l 
4.642 5 3.588 3 3.52 3 3.253 2 2.736 2 2.696 1 2.452 1 
4.939 4 4.864 4 4.593 3 3.99 3 3.95 2 3.699 2 3.669 2 
3.919 4 3.647 3 3.042 3 3.002 2 2.747 2 2.715 2 2.6 2 
4.725 4 4.116 4 4.076 3 3.666 3 3.631 3 3.511 3 2.373 2 
4.63 5 4.63 4 4.408 4 4.371 4 4.298 4 3.208 3 3.055 3 
5 4 4.775 4 4.737 4 4.661 4 3.567 3 3.412 3 3.261 3 
3.85 4 3.85 4 3.85 4 2.85 3 2.77 3 2.77 3 1.54 2 
4 4 4 4 3 3 2.906 3 2.906 3 1.635 2 1.541 2 
4 4 3 3 2.906 3 2.906 3 1.635 2 1.541 2 1.447 1 
3 3 2.906 3 2.906 3 1.635 2 1.541 2 1.447 1 1.447 1 
3.906 4 3.906 4 2.635 3 2.541 3 2.447 2 2.447 2 2.365 2 
5 5 3.701 4 3.597 4 3.494 3 3.494 3 3.403 3 3.403 2 
3.701 4 3.597 4 3.494 3 3.494 3 3.403 3 3.403 2 3.403 2 
3.852 4 3.704 3 3.704 3 3574 3 3.574 2 3.574 2 3.426 1 
4.826 4 4.826 4 4.674 4 4.674 3 4.624 3 4.45 2 3.7 1 
5 5 4.816 5 4.816 4 4.766 4 4.555 3 3.805 2 3.805 0 

Table B.1: predicted and actual number of occupied beds for rnales in a situation in which the admissions in the 
coming period are not lmown 

144 



Raw Data Orthopedies 2 

14.534 14 13.464 13 12.656 12 12.048 12 11.43 10 10.423 10 10.12 10 
12.949 13 12 11.52812 10.89410 9.80810 9.49 10 8.84610 
13.032 13 12.497 13 11.935 11 10.906 11 10.566 11 10.042 11 9.718 10 
13.831 15 13.26 13 12.018 13 11.662 13 11.259 13 10.705 12 10.394 11 
17.248 16 15.649 16 15.219 16 14.805 16 14.134 14 13.818 13 13.162 10 
14.916 16 14.574 16 14.232 16 13.561 14 13.261 13 12.587 10 11.357 10 
15.564 16 15.193 16 14.398 14 14.033 13 13.237 10 11.916 10 11.257 10 
15.614 16 14.749 14 14.359 13 13.512 10 12.144 10 11.441 10 10.92 9 
16.127 15 15.686 14 14.819 11 13.283 11 12.531 !I 11.956 10 11.403 10 
15.511 15 14.502 12 12.995 12 12.112 12 11.497 11 10.849 1 1 10.256 11 
15.031 13 13.465 13 12.531 13 11.838 12 11.162 12 10.52 12 10.123 11 
12.806 15 12.126 14 11.593 13 11.057 13 10.387 13 9.969 12 9.069 10 
13.871 14 13.058 13 12.355 13 11.584 13 10.961 12 9.934 10 9.4 9 
14.455 14 13.723 14 12.916 14 12.42 13 ll.l99 11 10.608 10 10.052 8 
13.608 14 12.749 14 12.223 13 11.252 11 10.633 10 10.051 8 9.667 7 
14.106 15 13.526 14 12.514 12 11.859 JO 11.237 8 10.846 7 10.514 7 
14.367 14 13.237 12 12.55 10 11.893 8 11.499 7 11.167 7 10.901 7 
14.744 14 13.922 12 13.139 10 12.711 9 12.346 9 12.077 9 11.281 9 
13.054 12 12.023 10 11.558 9 11.185 9 10.974 9 10.218 9 9.915 7 
11.645 11 ll.ll7 10 10.631 JO 10.33 10 9.532 10 9.226 7 8.407 6 
10.733 10 10.539 10 10.233 10 9.434 10 9.128 7 8.632 6 8.087 4 
9.807 10 9.526 10 8.704 10 8.379 7 7.913 6 7.345 4 7.04 4 
9.687 10 8.815 10 8.458 7 7.962 6 7.361 4 7.057 4 6.75 4 
9.072 10 8.677 7 8.142 6 7.503 4 7.194 4 6.881 4 6.468 4 
9.48 7 8.813 6 8.051 4 7.709 4 7.355 4 6.937 4 6.723 4 
7.878 7 7.577 5 7.39 5 7.229 5 6.858 5 6.643 5 6.356 5 
7.689 6 7.465 6 7.3 6 6.859 6 6.602 6 6.264 6 5.94 6 
5.763 6 5.592 6 5.306 6 5.159 6 4.994 6 4.776 6 4.502 6 
6.816 7 6.51 7 6.355 7 6.179 7 5.945 7 5.654 7 5.484 6 
6.686 7 6.529 7 6.348 7 6. I 11 7 5.818 7 5.64 6 5.485 6 
7.821 8 7.612 8 7.329 8 6.995 8 6.792 7 6.631 7 6.576 1 

12.6 12 11.994 12 11.789 10 10.99 10 10.107 10 8.904 9 7.949 9 
I 1.391 12 11.359 10 10.588 10 9.755 10 8.672 9 7.838 9 7.078 7 
14.967 13 14.101 13 13.184 13 11.917 12 11.015 12 10.206 10 9.355 10 
13.478 14 12.819 14 11.938 13 11.098 13 10.551 11 9.784 11 9.34 ll 
15.206 16 14.273 15 13.299 15 12.619 13 11.817 13 11.371 13 9.832 12 
15.992 16 14.803 16 14.06 14 13.19 14 12.707 14 11.143 13 10.662 13 
16.845 18 16.005 16 14.988 16 14.371 16 12.771 15 12.266 15 11.699 14 
17.014 16 15.844 16 15.207 16 13.584 15 13.062 15 12.478 14 12.022 13 
14.769 16 14.245 16 12.76 15 12.327 15 11.778 14 11.343 13 10.654 11 
15.39 16 13.822 15 13.324 15 12.704 14 12.23 13 10.871 11 10.706 11 
15.291 16 14.676 16 13.923 15 13.411 14 12.052 12 11.886 12 11.419 12 
16.185 17 15.229 16 14.627 15 13.268 13 13.102 13 12.635 13 12.083 13 
16.676 17 15.951 16 14.567 14 14.384 14 13.89 14 13.319 14 12.337 14 
16.161 16 14.848 14 14.712 14 14.311 14 13.81 14 12.205 14 11.366 13 
14.687 14 14.55 14 14.125 14 13.604 14 11.968 14 11.444 13 11.089 12 
14 14 13.779 14 13.371 14 I 1.843 14 11.431 13 11.06 12 10.571 8 
14.779 15 14.371 15 12.843 15 12.431 14 12.06 13 11.571 9 11.296 9 
15.557 16 13.977 16 13.531 15 13.13 14 12.607 10 12.332 10 12.142 10 
15.324 17 14.791 16 14.325 15 13.737 11 13.428 11 13.237 11 12.656 11 
18.317 18 17.703 17 16.988 13 16.571 13 16.34 13 15.694 13 14.245 11 
17.478 17 16.825 13 16.611 13 16.379 13 15.726 13 14.269 !I 13.338 10 
16.088 13 15.872 13 15.624 13 14.959 13 13.489 11 12.542 10 11.708 10 
12.783 13 12.709 13 12.093 13 10.689 11 9.891 10 9.534 10 8.927 9 
12.923 13 12.301 13 10.894 11 10.06 10 9.685 10 9.076 9 8.511 9 
15.172 16 13.331 13 12.095 12 11.648 12 10.996 11 10.377 11 9.719 11 
15.665 15 14.207 14 13.607 14 12.812 13 12.127 13 11.338 12 10.644 11 
13.943 14 13.284 14 12.405 13 11.666 13 10.914 12 10.274 11 9.852 11 
15.463 16 14.687 15 14.117 14 13.145 13 12.375 12 11.825 12 11.269 10 
15.188 15 14.605 14 13.584 13 12.81 12 12.239 12 11.663 10 10.727 8 

Table B.2: predicted and actual numbcr of beds for females in a situation in which the admissions in the coming 
period are not known 
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4.964 3 4.964 3 4.891 3 4.855 3 4.782 2 5.691 4 5.618 4 
3 3 2.925 3 2.887 3 2.811 2 4.717 4 4.642 4 3.251 2 
2.925 3 2.887 3 2.811 2 4.717 4 4.642 4 3.251 2 2.954 2 
2.959 3 2.878 2 4.776 4 4.694 4 3.291 2 2.989 2 2.868 2 
2.915 2 4.809 4 4.723 4 3.313 2 3.009 2 3.884 3 3.652 3 
4 4 4 4 2.76 2 2.52 2 3.48 3 4.29 4 4.29 4 
4 4 2.76 2 2.52 2 3.48 3 4.29 4 4.29 4 4.24 4 
2.76 2 2.52 2 3.48 3 4.29 4 4.29 4 5.24 5 5.09 5 
2 2 3 3 4 4 4 4 5 5 4.9 5 3.66 3 
3 3 4 4 4 4 5 5 4.9 5 3.66 3 3.42 3 
4 4 4 4 5 5 4.9 5 3.66 3 3.42 3 3.28 3 
4 4 5 5 4.9 5 3.66 3 3.42 3 3.28 3 3.09 3 
5 5 4.9 5 3.66 3 3.42 3 3.28 3 3.09 3 3.09 3 
4.9 5 3.66 3 3.42 3 3.28 3 3.09 3 4.09 4 4.04 4 
3.76 3 3.52 3 3.369 3 3.179 3 4.179 4 4.129 4 3.329 4 
3 3 2.889 3 2.889 3 3.889 4 3.889 4 3.139 4 2.139 3 
2.889 3 2.889 3 3.889 4 3.889 4 3.139 4 2.139 3 1.989 3 
3 3 4 4 4 4 3.25 4 2.25 3 3.1 4 3.1 4 
4 4 4 4 3.25 4 2.25 3 3.1 4 4.1 5 3.17 5 
4 4 3.25 4 2.25 3 3.1 4 4.1 5 3.17 5 3.16 5 
3.25 4 2.25 3 3.1 4 4.1 5 3.17 5 4.16 6 3.13 5 
3 3 3.85 4 4.85 5 3.92 5 4.91 6 3.13 5 3.04 5 
3.85 4 4.85 5 3.92 5 4.91 6 3.13 5 3.04 5 2.75 5 
5 5 4.07 5 5.06 6 3.266 5 3.176 5 2.845 5 2.751 5 
4.07 5 5.06 6 3.266 5 3.176 5 2.845 5 3.751 6 2.842 6 
5.857 6 3.93 5 3.442 5 3.111 5 4.017 6 3.108 6 2.905 6 
4.119 6 3.549 6 3.209 5 4.085 6 3.175 6 3.949 7 2.926 5 
5.064 6 4.428 5 4.896 6 3.977 6 4.717 7 3.397 5 3.254 5 
5.295 5 5.691 6 4.772 6 5.212 7 3.791 5 3.624 5 2.874 4 
5.852 6 4.889 6 5.329 7 3.705 5 3.705 5 2.955 4 2.366 4 
5.011 6 5.451 7 3.805 5 3.805 5 3.055 4 2.44 4 2.31 4 
6.306 7 4.494 5 4.494 5 3.709 4 3.04 4 3.62 5 3.62 5 
5.142 5 5.142 5 3.856 4 3.187 4 3.667 5 3.667 5 3.206 4 
5 5 3.714 4 3.313 4 3.629 5 3.629 5 5.371 5 4.125 4 
4.024 5 3.563 5 3.819 6 3.819 6 5.561 6 4.315 5 3.935 5 
4.348 5 4.471 6 4.471 6 6.213 6 4.967 5 4.297 5 4.047 5 
5.076 6 5.076 6 6.728 6 5.482 5 4.712 5 4.462 5 4.088 4 
6 6 7.652 6 5.722 5 4.788 5 4.538 5 4.164 4 3.658 4 
7.652 6 5.722 5 4.788 5 4.538 5 4.164 4 3.658 4 3.06 4 
6.05 6 5.046 6 4.776 6 4.626 5 4.05 5 3.72 5 2.63 3 
5.004 6 4.744 6 4.622 5 4.045 5 3.713 5 2.623 3 2.522 3 
5.662 6 5.522 5 4.195 5 3.857 5 2.747 3 3.626 4 3.299 3 
5.833 5 4.389 5 4.049 5 2.908 3 3.756 4 4.397 4 3.808 4 
3.914 5 3.565 5 2.515 3 3.454 4 4.189 4 3.674 4 3.634 3 
4.642 5 3.588 3 4.52 4 5.2.."i3 4 4.736 4 4.696 3 4.302 3 
4.939 4 5.864 5 6.593 5 5.99 5 5.95 4 5.549 4 5.519 4 
4.919 5 5.647 5 5.042 5 5.002 4 4.597 4 4.565 4 4.45 4 
5.725 5 5.116 5 5.076 4 4.666 4 4.631 4 4.511 4 3.373 3 
4.63 5 4.63 4 4.408 4 4.371 4 4.298 4 4.208 4 4.055 4 
5 4 4.775 4 4.737 4 4.661 4 4.567 4 5.412 5 5.261 5 
3.85 4 3.85 4 3.85 4 3.85 4 4.77 5 4.77 5 3.54 4 
4 4 4 4 4 4 4.906 5 4.906 5 3.635 4 3.541 4 
4 4 4 4 4.906 5 4.906 5 3.635 4 4.541 5 4.447 4 
4 4 4.906 5 4.906 5 3.635 4 4.541 5 5.447 5 5.447 5 
4.906 5 4.906 5 3.635 4 4.541 5 5.447 5 6.447 6 6.365 6 
5 5 3.701 4 4.597 5 5.494 5 6.494 6 6.403 6 6.403 5 
3.701 4 4.597 5 5.494 5 6.494 6 6.403 6 6.403 5 6.353 5 
4.852 5 5.704 5 6.704 6 6.574 6 6.574 5 6.524 5 6.376 4 
5.826 5 6.826 6 6.674 6 6.674 5 6.624 5 6.45 4 5.7 3 
6 6 5.816 6 5.816 5 5.766 5 5.555 4 4.805 3 4.805 0 

Table B.3: predicted and actual number of beds for rnales in a situation in which the admissions for the coming 
period are known 
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14.534 14 14.464 14 14.656 14 15.718 16 15.04 14 13.823 14 13.46 14 
13.949 14 14.123 14 15.198 16 14.504 14 13.208 14 12.83 14 12.186 14 
14.032 14 15.167 16 14.545 14 13.306 14 12.906 14 12.382 14 11.948 13 
15.831 17 15.26 15 13.918 15 13.562 15 13.159 15 13.605 15 13.294 14 
17.248 16 15.649 16 15.219 16 14.805 16 15.134 15 14.818 14 14.162 11 
14.916 16 14.574 16 14.232 16 14.561 15 14.261 14 15.587 13 13.457 13 
15.564 16 15.193 16 15.398 15 15.033 14 16.237 13 14.016 13 13.317 12 
15.614 16 15.749 15 15.359 14 16.512 13 14.244 13 13.501 12 12.95 11 
17.127 16 16.686 15 17.819 14 15.383 14 14.591 13 13.986 12 13.423 12 
15.511 15 16.502 14 14.095 14 13.172 13 12.527 12 12.869 13 12.276 13 
17.031 15 14.565 15 13.591 14 12.868 13 13.182 14 12.54 14 12.123 13 
12.806 15 12.126 14 11.593 13 12.057 14 11.387 14 12.969 15 12.069 13 
13.871 14 13.058 13 13.355 14 12.584 14 13.961 15 12.934 13 12.4 11 
14.455 14 14.723 15 13.916 15 15.42 16 14.199 14 13.608 12 13.052 10 
14.608 15 13.749 15 15.223 16 14.252 14 13.633 12 13.051 10 12.667 9 
14.106 15 15.526 16 14.514 14 13.859 12 13.237 10 12.846 9 12.514 9 
16.367 16 15.237 14 14.55 12 13.893 10 13.499 9 13.167 9 12.901 9 
14.744 14 13.922 12 13.139 10 12.711 9 12.346 9 12.077 9 11.281 9 
13.054 12 12.023 10 11.558 9 11.185 9 10.974 9 10.218 9 9.915 7 
11.645 11 11.117 10 10.631 JO 10.33 10 9.532 10 10.226 8 9.407 7 
10.733 10 10.539 10 10.233 10 9.434 10 10.128 8 9.632 7 9.087 5 
9.807 10 9.526 10 8.704 10 9.379 8 8.913 7 8.345 5 8.04 5 
9.687 10 8.815 10 9.458 8 8.962 7 8.361 5 8.057 5 7.75 5 
9.072 10 9.677 8 9.142 7 8.503 5 8.194 5 7.881 5 7.468 5 

10.48 8 9.813 7 9.051 5 8.709 5 8.355 5 8.937 6 8.723 6 
7.878 7 7.577 5 7.39 5 7.229 5 7.858 6 7.643 6 7.356 6 
7.689 6 7.465 6 7.3 6 7.859 7 7.602 7 7.264 7 6.94 7 
5.763 6 5.592 6 6.306 7 6.159 7 5.994 7 5.776 7 5.502 7 
6.816 7 7.51 8 7.355 8 7.179 8 6.945 8 6.654 8 6.484 7 
7.686 8 7.529 8 7.348 8 7.111 8 6.818 8 6.64 7 6.485 7 
7.821 8 7.612 8 7.329 8 6.995 8 6.792 7 6.631 7 6.576 1 

12.6 12 13.994 14 13.789 12 13.99 13 14.107 14 13.804 14 12.849 14 
13.391 14 13.359 12 13.588 13 13.755 14 13.572 14 12.738 14 11.978 12 
14.967 13 15.101 14 15.184 15 14.917 15 14.015 15 13.206 13 12.355 13 
14.478 15 14.819 16 14.938 16 14.098 16 13.551 14 12.784 14 12.24 14 
16.206 17 16.273 17 15.299 17 14.619 15 13.817 15 14.271 16 12.732 15 
16.992 17 15.803 17 15.06 15 14.19 15 14.607 16 14.043 16 13.562 16 
16.845 18 16.005 16 14.988 16 15.371 17 14.771 17 15.266 18 14.699 17 
17.014 16 15.844 16 16.207 17 15.584 17 16.062 18 15.478 17 15.022 16 
14.769 16 15.245 17 14.76 17 15.327 18 14.778 17 14.343 16 13.654 14 
16.39 17 15.822 17 16.324 18 15.704 17 15.23 16 13.871 14 13.706 14 
16.291 17 16.676 18 15.923 17 15.411 16 14.052 14 14.886 15 14.419 15 
17.185 18 16.229 17 15.627 16 14.268 14 15.102 15 15.635 16 15.083 16 
16.676 17 15.951 16 14.567 14 15.384 15 15.89 16 16.319 17 15.337 17 
16.161 16 14.848 14 15.712 15 16.311 16 16.81 17 16.205 18 15.366 17 
14.687 14 15.55 15 16.125 16 16.604 17 15.968 18 15.444 17 15.089 16 
15 15 15.779 16 16.371 17 15.843 18 15.431 17 15.06 16 14.571 12 
15.779 16 16.371 17 15.843 18 15.431 17 15.06 16 14.571 12 14.296 12 
16.557 17 15.977 18 15.531 17 15.13 16 14.607 12 14.332 12 14.142 12 
16.324 18 15.791 17 15.325 16 14.737 12 14.428 12 15.237 13 14.456 13 
18.317 18 17.703 17 16.988 13 16.571 13 17.34 14 18.494 16 16.315 13 
I 7.478 17 16.825 13 16.611 13 17.379 14 18.526 16 16.339 13 14.948 12 
16.088 13 15.872 13 16.624 14 17.759 16 15.559 13 14.152 12 13.208 12 
12.783 13 13.709 14 14.893 16 12.759 13 11.501 12 11.034 12 10.367 11 
13.923 14 15.101 16 12.964 13 11.67 12 11.185 12 10.516 11 9.951 11 
17.172 18 15.001 15 13.705 14 13.148 14 12.436 13 11.817 13 11.049 12 
15.665 15 14.207 14 13.607 14 12.812 13 12.127 13 12.338 13 11.644 12 
13.943 14 13.284 14 12.405 13 11.666 13 11.914 13 12.274 13 11.522 13 
15.463 16 14.687 15 14.117 14 14.145 14 14.375 14 15.495 16 14.879 14 
15.188 15 14.605 14 14.584 14 14.81 14 15.909 16 15.273 14 14.127 12 

Table B.4: predieled and actual number of occupied beds for females in a situation in which the admissions for the 
coming period are known 
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Appendix C 

Raw Data Gynecology 

This appendix presents the raw data of the gynecology case. These data have been used to 

determine the fit between the predictions of the future availability of the beds and the real 

availability of the beds. Table C.l presents the predicted availability of the beds and the 

actual availability of the beds for predictions made 1 to 7 days in advance for a situation in 

which the admissions in the coming period are not known. Table C.2 presents the same type 

of data for a situation in which the admissions in the coming period are known. Tables C.l 

and C.2 each consist of fourteen columns. These columns can be divided in seven sets of two 

colums. The first of these columns always shows the predicted number of available beds. The 

second column shows the actual number of available beds. The data of the first set of 

columns represent the predicted and actual number of occupied beds for predictions made one 

day in advance, the second set of columns represems the same data for predictions made two 

days in advance etc. 
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Raw Data Gynecology 

12.031 11 10.728 IJ 8.779 JO 8.046 9 7.156 8 6.395 7 4.953 5 
10.042 11 8.482 10 7.907 9 7.13 8 6.383 7 4.969 5 3.521 3 
10.261 11 9.568 10 8.713 9 7.858 8 6.344 6 4.815 4 4.22 4 
11.904 12 10.753 10 9.91 9 8.467 7 6.918 5 6.305 5 5.592 4 
13.124 12 11.985 11 10.564 9 8.974 7 8.354 7 7.633 6 6.565 5 
14.307 13 12.845 11 11.077 9 10.444 9 9.689 8 8.535 7 7.6 7 
12.502 12 10.37 9 9.544 9 8.752 8 7.565 7 6.681 7 6.064 7 
9.925 9 9.285 9 8.661 8 7.443 7 6.616 7 6.073 7 4.677 5 
8.66 9 8.194 8 7.441 7 6.296 7 5.788 7 4.623 5 3.223 3 
9.465 9 8.621 8 7.398 8 6.856 8 5.664 6 4.238 4 3.258 4 

10.321 10 9.129 10 8.677 10 7.492 8 6.128 6 5.214 6 4.453 6 
I 1.819 14 10.834 13 9.526 11 8.155 9 7.199 9 6.402 8 6.156 7 
13.292 15 1 1.2.'i4 13 9.794 11 8.832 11 8.033 9 7.726 8 7.17 8 
11.672 13 10.045 11 9.059 11 8.245 9 7.93 8 7.366 8 5.869 5 
11.94 12 11.202 12 10.528 10 10.273 9 9.803 9 7.803 6 6.463 5 
11.503 12 11.182 10 10.965 9 10.499 9 8.602 6 7.259 5 5.963 2 
12.164 ll 11.621 10 11.021 JO 9.069 7 7.687 5 6.345 2 5.274 2 
10.232 lO 9.517 10 7.495 7 6.07 5 4.683 2 3.58 2 1.963 1 
10.474 11 8.676 8 7.328 6 5.937 3 4.845 3 3.176 2 2.657 2 
10.454 8 8.493 6 6.648 3 5.507 3 3.737 2 3.161 2 2.648 2 
7.092 6 6.011 3 5.208 3 4.437 2 3.901 2 3.452 2 3.137 1 
:î.21 3 4.446 3 3.804 2 3.374 2 3.049 2 2.761 1 2.646 I 
2.859 3 2.342 2 1.919 2 1.697 2 1.585 1 1.515 1 1.201 1 
5.084 5 4.342 4 4.05 4 3.919 3 3.819 3 3.394 2 3.114 2 
6.265 6 5.838 6 5.727 4 5.291 4 4.446 3 3.86 3 3.499 2 
7.84 9 7.38 7 7.2 6 6.415 5 6.075 5 5.765 4 5.305 3 
8.255 8 7.787 7 6.922 6 6.546 6 6.184 5 5.678 4 4.897 4 
8.33 8 7.862 7 7.446 7 7.029 6 6.493 5 5.607 5 4.428 4 
9.166 8 8.458 8 7.765 7 7.207 6 6.408 6 5.196 5 4.055 5 
7.521 8 7.146 7 6.726 6 6.261 6 5.149 5 4.115 5 3.114 4 
7.541 7 7.029 6 6.519 6 5.321 5 4.219 5 3.182 4 2.387 3 
6.531 6 6.251 6 5.364 5 4.202 5 3.129 4 2.325 3 1.433 2 
5.824 6 5.1 5 4.109 5 3.093 4 2.276 3 1.489 2 0.953 2 
5.242 5 4.216 5 3.175 4 2.335 3 1.521 2 0.982 2 0.887 2 
3.883 5 2.899 4 2.078 3 1.243 2 0.709 2 0.656 2 0.574 1 
3.601 4 2.551 3 1.548 2 0.93 2 0.866 2 0.769 1 0.63 0 
2.714 3 1.606 2 0.89 2 0.788 2 0.642 1 0.464 0 0.312 0 
1.573 2 0.831 2 0.748 2 0.664 I 0.551 0 0.393 0 0.393 0 
2.25 3 2.25 3 2.25 2 1.795 I 1.682 I 1.682 I 1.682 l 
3 3 3 2 2.545 1 2.091 1 2.091 1 2.091 1 2.091 1 
3 2 2.545 1 2.091 1 2.091 1 2.091 I 2.091 1 2.091 1 
2 1 1.545 1 1.545 1 1.545 1 1.545 1 1.545 1 1.545 1 
1.65 2 1.4 2 1.33 2 1.31 2 1.28 2 1.24 2 1.23 2 
1.615 2 1.508 2 1.477 2 1.431 2 1.369 2 1.354 2 1.292 1 
3.825 4 3.775 4 3.7 4 3.6 4 3.575 4 3.475 3 3.32 3 
6.589 7 6.248 7 6.057 7 6.007 7 5.856 6 5.645 6 5.514 6 
8.969 10 7.842 9 7.549 9 7.354 8 7.085 8 6.901 8 6.445 7 
8.082 9 7.596 9 7.379 8 7.091 8 6.924 8 6.432 7 5.671 6 
9.898 11 9.64 10 9.314 10 9.117 10 8.592 9 7.75 8 6.477 7 

12.379 11 11.79 11 11.514 11 10.788 10 9.907 9 8.425 8 7.037 6 
10.393 11 10.249 11 9.755 10 8.892 9 7.578 8 6.311 6 5.114 6 
12.783 13 12.247 12 11.322 11 9.61 10 7.948 8 6.405 8 5.458 8 
15.115 15 13.839 14 11.759 12 9.768 10 7.842 9 6.597 9 5.313 9 
15.459 16 13.092 14 10.994 12 9.004 11 7.685 11 6.327 11 5.708 10 
13.101 14 11.061 12 8.994 11 7.702 11 6.297 11 5.694 10 5.346 9 
14.795 15 12.636 14 11.694 14 10.544 14 9.823 13 9.363 12 8.546 11 
13.618 15 12.227 15 10.794 15 10.208 14 9.671 13 8.758 12 7.57 9 
12.262 15 10.402 15 9.737 14 9.114 13 8.085 12 6.862 9 5.197 6 
14.17 17 13.197 16 12.272 15 10.882 14 9.411 11 7.49 8 5.656 8 
16.781 17 15.654 16 13.755 15 12.179 12 10.117 9 8.109 9 6.72 5 
16.896 17 14.068 16 11.779 13 9.481 10 7.371 10 5.953 6 4.955 0 

Table C.l: predicted and actual number of occupied beds for females in a situation in which the admissions for the 
coming period are not known 
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12.031 11 11.728 12 11.779 13 12.446 14 13.236 14 13.385 13 11.333 11 
11.042 12 11.482 13 12.307 14 13.21 14 13.373 13 11.349 11 9.541 8 
12.261 13 12.968 14 13.793 14 13.848 13 11.724 11 9.835 8 9.16 8 
13.904 14 14.753 14 14.9 13 12.847 11 10.938 8 11.245 9 10.492 8 
15.124 14 14.975 13 12.944 11 10.994 8 11.294 9 12.553 10 11.455 9 
15.307 14 13.245 12 11.157 9 11.444 10 12.689 11 15.535 14 13.39 14 
12.502 12 10.37 9 10.544 10 11.752 11 14.565 14 14.471 16 12.604 15 
9.925 9 10.285 10 11.661 11 14.443 14 14.406 16 12.613 15 10.697 13 
9.66 10 11.194 11 14.441 14 14.086 16 12.328 15 11.643 14 10.143 12 

11.465 11 14.621 14 14.188 16 12.396 15 11.684 14 10.178 12 9.178 12 
14.321 14 13.919 16 12.217 15 11.512 14 10.068 12 9.134 12 8.343 10 
13.819 16 12.234 15 11.606 14 10.155 12 9.199 12 8.402 10 8.096 9 
13.292 15 12.254 14 10.794 12 9.832 12 9.033 10 9.726 JO 9.17 10 
12.672 14 11.045 12 10.059 12 9.245 10 9.93 10 10.366 10 8.479 7 
11.94 12 11.202 12 10.528 10 11.273 10 11.803 10 9.473 7 7.803 6 
11.503 12 11.182 10 11.965 10 12.499 10 10.272 7 8.599 6 6.963 3 
12.164 11 12.621 11 13.021 11 10.739 8 9.027 6 7.345 3 6.274 3 
11.232 11 11.517 11 9.165 8 7.41 6 5.683 3 6.58 5 4.963 4 
11.474 11 9.346 8 7.668 6 5.937 3 6.845 5 7.176 5 6.657 5 
10.454 8 8.493 6 6.648 3 7.507 5 7.737 5 9.161 7 8.638 7 
7.092 6 6.011 3 7.208 5 8.437 5 9.901 7 9.442 7 9.117 6 
5.21 3 6.446 5 7.804 5 9.374 7 9.039 7 9.741 7 9.266 7 
4.859 5 6.342 5 7.919 7 7.687 7 8.565 7 8.135 7 7.401 6 
7.084 6 8.342 7 8.04 7 8.899 7 8.439 7 7.654 6 7.054 6 
8.265 8 7.828 8 8.707 7 8.231 7 7.386 6 6.78 6 6.409 5 
7.84 9 8.38 8 82 7 7.415 6 ï.075 6 6.765 5 6.305 4 
9.255 9 8.787 8 7.922 7 7.546 7 7.184 6 6.678 5 5.837 5 
8.33 8 7.862 7 7.446 7 7.029 6 6.493 5 5.607 5 4.428 4 
9.166 8 8.458 8 7.765 7 7.207 6 6.408 6 5.196 5 4.055 5 
7.521 8 7.146 7 6.726 6 6.261 6 5.149 5 4.115 5 3.114 4 
7.541 7 7.029 6 6519 6 5.321 5 4.219 5 3.182 4 2.387 3 
6.531 6 6.251 6 5.364 5 4.202 5 3.129 4 2.325 3 1.433 2 
5.824 6 5.1 5 4.109 5 3.093 4 2.276 3 2.489 3 1.953 3 
5.242 5 4.216 5 3.175 4 2.335 3 2.521 3 1.982 3 1.887 3 
3.883 5 2.899 4 2.078 3 2.243 3 1.709 3 1.656 3 1.574 2 
3.601 4 2.551 3 2.548 3 1.93 3 1.866 3 1.769 2 1.63 1 
2.714 ·3 2.606 3 1.89 3 1.788 3 1.642 2 1.464 1 1.312 1 
2.573 3 1.831 3 1.748 3 1.664 2 1.551 1 1.393 1 1.393 1 
2.25 3 2.25 3 2.25 2 1.795 1 1.682 1 3.682 3 3.682 3 
3 3 3 2 2.545 1 2.091 1 4.091 3 5.091 4 5.091 4 
3 2 2.545 1 2.091 1 4.091 3 5.091 4 7.091 6 6.491 6 
2 1 1.545 1 3.545 3 4.545 4 6.545 6 5.945 6 5.625 5 
1.65 2 3.4 4 4.33 5 6.31 7 5.68 7 7.32 8 7.23 8 
3.615 4 4508 5 6.477 7 5.831 7 7.449 8 7.354 8 7.292 7 
4.825 5 6.775 7 6.1 7 7.68 8 7.575 8 7.475 7 7.32 7 
8.589 9 7.648 9 9.137 10 9.007 10 8.856 9 10.645 1l 10.514 11 
8.969 10 9.842 1l 9549 11 9.354 10 11.085 12 12.901 14 12.445 13 

10.082 11 9.596 ll 9.379 10 11.091 12 12.924 14 14.432 15 13.601 14 
9.898 11 9.64 10 11.314 12 13.117 14 14.592 15 13.74 14 12.137 12 

12.379 11 13.79 13 15.514 15 16.788 16 15.897 15 16.085 15 13.977 13 
12.393 13 14.249 15 15.755 16 14.882 15 15.238 15 13.251 13 11.414 13 
14.783 15 16.247 16 15.312 15 1559 15 13.568 13 11.665 13 10.418 13 
17.115 17 15.829 16 15.739 16 13.708 14 11.782 13 12.517 15 11.123 15 
15.459 16 15.092 16 12.994 14 11.004 13 11.685 15 11.227 16 10.408 15 
15.101 16 13.061 14 10.994 13 11.702 15 11.197 16 12.394 17 11.116 15 
14.795 15 12.636 14 13.694 16 13.444 17 14.523 18 14.153 17 12.426 16 
13.618 15 14.227 17 13.694 18 14.908 19 14.461 18 12.638 17 10.67 14 
14.262 17 13.302 18 14.437 19 13.904 18 11.965 17 9.962 14 8.137 11 
15.17 18 16.197 19 15.562 18 13.462 17 11.411 14 9.49 11 7.596 11 
18.781 19 17.944 18 15.335 17 13.179 14 11.117 11 9.109 ll 7.72 7 
17.896 18 15.068 17 12.779 14 10.481 11 8.371 11 7.953 8 5.955 0 

Table C.2: predicted and actual num!:Jer of occupied beds for females in a situation in which the admissions for the 
coming period are known 
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Appendix D 
Simulation Results 

This appendix presents the results of the simulation study. 
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FCFS Procedure 
Sixteen patients at the waiting list 
Distribution of opemting capacity over two days of the week 
Situation 1 

Beds 14 15 

Occupancy operating 
room (o.r.) 0.6671 0.7135 
Stamlard deviation occupancy o.r. 0.1920 0.1831 

Occupancy beds 0.6941 0.6920 
Standard deviatioo occupancy 
beds 0.2557 0.2713 

Waiting time patiellts category l 6.2819 5.8542 
Standard deviation waiting time 
patients category I 1.1064 0.9924 

Waiting time patients category 2 6.3756 5.8883 
Standard deviation waiting time 
patients category 2 1.3817 1.3116 

Waiting time patients category 3 6.3071 5.9568 
Standard deviation waiting time 
patients category 3 1.2275 1.0847 

Number of treated patients 
category I 356.6 377.2 

Number of treated patients 
category 2 203.4 215.2 

Number of treated patieniS 
category 3 209.4 226.2 

Beds 18 19 

Occupancy operating room ( o.r.) 0.8327 0.87066 
Standard deviation occupancy o.r. 0.1482 0.12768 

Occupancy beds 0.6746 0.66842 
Standard deviation occupancy 
beds 0.3141 0.24142 

Waiting time patients category 1 4.8479 4.60046 
Standard deviation waiting time 
patients category I 0.9286 0.91736 

Waiting time patients category 2 4.8265 4.63116 
Standani deviation waiting time 
patients category 2 1.2540 1.21852 

Waiting time patients category 3 4.9954 4.60898 
Standard deviation waiting time 
patients category 3 1.0902 1.17872 

Number of treated patienls 
category I 440.6 461.2 

Number of treated patients 
category 2 257.4 268.6 

Number of t realed pat ie nu 
category 3 260.8 272.8 
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16 17 

0.75702 0.7955 
0.17788 0.1605 

0.69036 0.6833 

0.25ll2 0.3000 

5.46322 5.1819 

1.0169 0.9102 

5.4627 5.0974 

1.14086 1.1805 

5.61292 5.1954 

1.11864 1.1567 

397.6 418.4 

232.4 247.0 

238.6 249.2 

20 21 

0.9007 0.9233 
0.1123 0.0873 

0.6574 0.6422 

0.3388 0.3507 

4.3398 4.2181 

0.9210 0.8970 

4.3773 4.3040 

1.2090 1.2349 

4.5415 4.3858 

J.l537 Li987 

478.4 492.4 

278.8 286.2 

281.4 287.8 



Simulation Results 

FCFS Proccdure 
Sixteen patients at the waiting list 
Distrihution of operating capacity over three days of thc week 
Situation 1 

Beds 14 15 

Occupancy operating room {o.r.) 0.7927 0.8342 
Standard deviation occupancy o.r. 0.1876 0.1652 

Occupancy beds 0.8267 0.8110 
Standard deviation occupancy 
beds 0.1620 0.1732 

Waiting time patients category I 5.1201 4.7832 
Standard deviation waiting time 
patienls category I 1.0360 1.0553 

Waiting time patients catcgory 2 5.1697 4.8524 
Standard deviation waiting rirne 
patients catcgory 2 1.1934 J. 1153 

Waiting time patieots catcgory 3 5.2686 4.9547 
Standard Ocvlation waitiug time 
patients catcgory 3 1.1995 1.1220 

Number of treatetl patients 
categ<")' 1 415.4 440.6 

Number of treated patienu 
category 2 246.4 258.4 

Number of trcated patients 
category 3 248.6 261.2 

Beds 18 19 

Occupancy operaring room {o.r.) 0.9217 0.9297 
Standard devîation occupancy o.r. 00961 0.0820 

Occupan<--y beds 0.7483 0.7155 
Standard deviation occupancy 
beds 0.1973 0.2037 

Waiting time palients calegory I 4.1784 4.1546 
Standard dev i at ion waiting 1 i me 
patients category I 0.90&3 0.9037 

Walting time patients category 2 4.2852 4.2402 
Slandard deviation waiting ti me 
patients category 2 1.0706 1.0965 

Waiting time patients: category 3 4.4299 4.4388 
Stanûard dcvlation waiting IÏmc 
palicnts category 3 1.0903 1.0754 

Number of trcaled patient~ 
category I 491.6 498.0 

Number nf treated patients 
category 2 287.8 290.6 

Number of treated patîents 
category 3 286.2 288.0 

16 17 

0.8739 0.8978 
0.1424 0.1158 

0.7966 0.7712 

0.1831 0.1919 

4.5330 4.3265 

0.9730 0.8912 

4.5480 4.3868 

1.0639 1.0537 

4.6804 4.6012 

1.0686 1.1227 

463.8 477.0 

270.0 278.8 

273.4 280.0 

20 21 

0.9371 0.9402 
0.0799 0.0670 

0.6850 0.6544 

0.2116 0.2117 

4.1382 4.1101 

0.9383 0.9265 

4.1953 4.1975 

1.0870 1.0852 

4.3730 4.3726 

1.1456 1.0859 

502.6 503.6 

294.4 294.8 

I 289.4 290.8 
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FCFS Procedure 
Sixteen patients at the waiting list 
Distribution of operating capacity over two days of the week 
Situation 2 

Beds 20 21 

Occupancy operating room (o.r.) 0.8131 0.84516 
Standani deviation occupancy o.r. 0.1664 0.15158 

Occupancy beds 0.8467 0.8381 
SUUJdani deviation occupancy 
beds 0.1714 0.17014 

Waiting time patients categol}' 1 5.0510 4.78892 
Standani deviation waiting time 
patients categol}' l 0.9869 0.97904 

Waiting time patients categol}' 2 5.0146 4.8013 
Standani deviation waiting time 
patients categol}' 2 1.1860 1.18982 

W aiting time patients categol}' 3 5.1310 4.85622 
Standard deviation waiting time 
patients categol}' 3 1.1661 1.23046 

N umber of treated patients 
categol}' 1 42&.2 447.6 

Number of treated patients 
categOI}' 2 252.0 261.6 

Number of treated patients 
categol}' 3 254.8 264.4 

Beds 24 25 

Occupancy operating room (o.r.) 0.9195 0.9404 
Standani deviation occupancy o.r. 0.0949 0.07468 

Occupancy beds 0.7979 0.7838 
Standard deviation occupancy 
beds 0.2011 0.166 

Wailing time patients categol}' I 4.2579 4.09484 
Standard deviation waiting time 
patients categol}' I 0.9467 0.97302 

Waiting time patients categol}' 2 4.3157 4.23708 
Standani deviation waiting time 
patients categol}' 2 1.2275 1.23754 

Waiting time patients categol}' 3 4.4206 4.31506 
SUUJdard deviation waiting time 
patients categol}' 3 1.1767 1.1882 

Number of treated patients 
categOI}' I 489.6 503.4 

Number of treated patients 
categol}' 2 285.4 294 

Number of treated patients 
categol}' 3 286.6 291.4 
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22 23 

0.8750 0.90274 
0.1316 0.10954 

0.8290 0.81734 

0.1872 0.16886 

4.5317 4.35906 

0.9760 0.90676 

4.6439 4.3622.8 

1.2547 1.24 

4.6244 4.493 

1.2031 1.17378 

464.8 479.8 

270.0 279.8 

273.8 281.8 

26 27 

0.95!9 0.9576 
0.0589 0.05232 

0.7625 0.73858 

0.2132 0.15908 

4.0070 3.99146 

0.9703 0.9986 

4.2231 4.1379 

l.1945 1.2201 

4.2916 4.28808 

1.2011 1.18984 

510.2 513.4 

299.6 301.2 

293.8 295.6 



Simulation Results 

FCFS Procedure 
Sixteen patients at the waiting list 
Distribution of operaling capacity over thrce days of the week 
Situation 2 

Beds 20 ~· 

Occupancy operating room ( o.r.) 0.&506 0.8811 
Standard dcviation occupancy o.r. 0.1565 0.1379 

Occupancy beds 0.8845 0.8738 
Standard deviation occupancy 
beds 0.1187 0.1225 

Waiting time patients catcgory I 4.7563 4.5056 
Standard deviation wailing lime 
patients category I 0.9623 0.9501 

Waitlog time patients category 2 4.7686 4.5335 
Standard deviation waiting time 
patients category 2 1.1019 1.0695 

Wailing time patients eategory 3 4.8185 4.6352 
Standard dcviation waiting time 
patients category 3 1.0936 1.0756 

:>lumber of trcated paticnts 
catcgory l 449.4 466.6 

Number of treatcd paticnts 
catcgory 2 262.4 272.4 

Number of trcaled pal ients 
çategory 3 266.8 275.8 

Beds ~. .,. 

Oceupancy operating room (o.r.) 0.9286 0.9341 
Standard deviation occupancy o.r. 0.0875 0.0735 

Occupancy beds 0.8069 0.1793 
Standard deviation occupancy 
beds 0.1447 0.1480 

Waiting time patienls calegory I 4.1574 4.1242 
Standard deviation waiting time 
patients catcgory 1 0.9312 0.9084 

Waiting lime patlenl s: calegory 2 4.2774 4.2349 
Standard deviatton waiting time 
paticnts category 2 1.0920 1.0826 

Waiting time patients category 3 4.4558 4.3444 
StandanJ dt!Viation wai1ing time 
patients category 3 1.0798 1.0678 

!\umber of trcated paticnts 
category I 497.8 501.0 

Number of trcated patients 
calegory 2 290.6 292.& 

Number of tre.atcd patients 
catcgory 3 287.4 288.8 

22 23 

0.8995 0.9179 
0.1140 0.0943 

0.8520 0.8315 

0.1331 0.1382 

4.2984 4.1930 

0.8931 0.8702 

4.4512 4.3527 

1.0488 1.0566 

4.5934 4.4877 

1.0882 1.0843 

478.4 490.2 

279.0 286.0 

280.6 285.2 

1.< 27 

0.9385 0.9433 
0.0702 0.0658 

0.7532 0.7281 

0.1515 0.152& 

4.116& 4.1012 

0.8861 0.9046 

4.1739 4.1655 

1.0521 1.0895 

4.3925 4.3228 

1.0915 1.0739 

508.4 505.4 

290.8 295.6 

290.6 291.8 
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FCFS Procedure 
Sixteen patients at the waiting list 
Distribution of operating capacity over six days of the week 
Situation 2 

Beds 20 21 

Occupancy operating room (o.r.) 0.8309 0.8549 
Standard deviation occupancy o.r. 0.1886 0.1673 

Occupancy beds 0.8655 0.8472 
Standard deviation occupancy 
beds 0.1095 0.1153 

Waiting time patients category 1 4.7932 4.6313 
Standard deviation waiting time 
patients category 1 0.9270 0.9218 

Waiting time palients category 2 4.8222 4.6432 
Standard deviation waiting time 
patients category 2 0.9663 0.9743 

W aiting time patients category 3 5.1205 4.9542 
Standard deviation waiting time 
patients category 3 0.9857 1.0163 

Nurnber of treated patients 
category 1 439.0 453.0 

Number of treated patients 
category 2 257.2 265.0 

Number of treated patients 
category 3 260.2 267.2 

Beds 24 25 

Occupancy operating room (o.r.) 0.8822 0.8854 
Standard deviation occupancy o.r. 0.1378 0.13522 

Occupancy beds 0.7647 0.7368 
Standard deviation occupancy 
beds 0.1290 0.10402 

Wailing time patients category I 4.4369 4.42052 
Standard deviation waiting time 
patients category I 0.9725 0.98066 

Waiting time patients category 2 4.4743 4.4621 
Standard deviation waiting time 
patients category 2 1.0384 1.04066 

Waiting time patients category 3 4.8273 4.81756 
Standard deviation waiting time 
patients category 3 1.0367 1.04852 

Number of treated patients 
category 1 467.4 470.6 

N omber of treated patients 
category 2 273.0 274 

Number of treated patients 
category 3 276.0 276.6 
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22 23 

0.8704 0.8777 
0.1561 0.1420 

0.8233 0.7938 

0.1209 0.1275 

4.5178 4.4726 

0.9347 0.9702 

4.5484 4.4998 

0.9905 1.0220 

4.8581 4.8321 

1.0039 1.0252 

462.2 465.4 

269.0 270.6 

272.2 275.0 

26 27 

0.8849 0.88558 
0.1373 0.13494 

0.7083 0.68266 

0.1324 0.09776 

4.4202 4.41876 

0.9941 0.981 

4.4667 4.46648 

1.059'1 1.05608 

4.8205 4.81744 

1.0527 1.04724 

469.4 470.6 

274.0 274.2 

276.6 276.6 



Simulation Results 

FCFS Procedure 
Sixteen patlenis at the waiting list 
Distri bution of opemting capacity over two days of the week 
Siluation 3 

Beds 16 17 

Occupancy operating room (o,r.) 0.7310 0.774&6 
Standard deviation occupancy o.r. 0.2273 0.2201 

Occupancy beds 0.7667 0.76176 
Standard deviation occupancy 
beds 0.2144 0.20604 

Waiting time patients category I 5.6436 5.2904 
Standard deviation waiting time 
patients category 1 1.0665 1.05384 

Waiting time patients catcgory 2 5.6990 5.2966 
Standard dcviation waiting time 
patients calegory 2 l.1943 1.27872 

Waiting time patients category 3 5.7492 5.36394 
Standani devlation waitlng time 
patients category 3 1.2090 1.21124 

Number of treated paticots 
category l 385.2 405.6 

Number of treated patients 
category 2 222.6 238.6 

Number of treated patients 
category 3 231.0 244.2 

Beds 20 21 

Occupaney operating room ( o. r.) 0.8731 0.8924 
Standard deviation occupancy o.r. 0.14824 0.1382 

Occupancy beds 0.73084 0.7126 
Standard deviation occupancy 
beds 0.\8275 0.2379 

Waiting time patients category I 4.45854 4.3987 
Standard deviation waiting time 
patients category I 1.02996 1.0552 

Waiting tlme patients category 2 4.5764 4.3325 
Standard dcviation waiting time 
patients category 2 1.2709 1.3063 

Waiting time patients category 3 4.76278 4.5684 
Standard deviacion waîting time 
patients category 3 1.21014 1.2041 

Number of treated patiellis 
category I 462.2 47H 

!'>umber of treated patients 
category 2 271.8 276.8 

I 
Number of treated paticnts 

I I category 3 272.4 278.6 

18 19 

0.8086 0.8368 
0.2064 0.1886 

0.7511 0.7376 

0.2261 0.2372 

4.9960 4.7386 

!.1014 1.1174 

5.0208 4.7851 

1.2580 1.2873 

5.1084 4.8578 

1.2568 1.2340 

425.0 442.0 

250.6 258.4 

253.6 262.4 

22 23 

0.9083 0.92758 
0.1253 0.10804 

0.6928 0.67716 

0.2485 0.17646 

4.2844 4.1314 

1.0780 1.07544 

4.2085 4.25078 

1.2820 1.26068 

4.4898 4.33688 

1.2315 1.20354 

483.8 496.6 

282.0 289.6 

I 2&3.0 I 287.6 

157 



Appendix D 

FCFS Procedure 
Sixteen patients at the waiting list 
Distribution of operating capacity over three days of the week 
Situation 3 

Beds 16 17 18 19 

Occupancy operatîng room (o.r.) 0.8039 0.8370 0.8657 0.8858 
Standard deviation occupancy o.r. 0.1947 0.1715 0.1596 0.1351 

Occupancy beds 0.8402 0.8249 0.8059 0.7818 
Standard deviation occupancy 
beds 0.1539 0.!655 0.1790 0.1838 

Waiting time patients category 1 5.0590 4.7902 4.5975 4.4499 
Standard deviation waiting time 
patients category 1 0.9652 0.9211 0.8928 0.9065 

Waiting time patients category 2 5.1322. 4.7964 4.6366 4.47{)3 
Standard deviation waiting time 
patients category 2 1.0404 1.0594 1.0443 1.0241 

Waiting time patients category 3 5.1814 5.0100 4.7991 4.6554 
Standard deviation waiting time 
patients category 3 1.0911 1.0395 1.0413 1.0529 

Number of treated patients 
category 1 422.6 442.4 459.4 470.2 

N umber of treated patients 
category 2 249.0 259.2 268.4 275.4 

Number of treated patients 
category 3 252.2 262.0 270.4 276.2 

23 

Occupancy operating roon1 (o.r.) 0.9112 0.9239 0.9313 0.9368 
Standard deviation occupancy o.r. 0.1092 0.0953 0.0825 0.0762 

Occupancy beds 0.7637 0.7396 0.6773 0.6838 
Standard deviation occupancy 
beds 0.1992 0.2071 0.2159 0.2183 

Waiting time patients category 1 4.2486 4.1690 4.0978 4.1098 
Standani deviation waiting time 
patients category I 0.8852 0.8601 0.8433 0.8691 

Waiting time patients category 2 4.3464 4.2785 4.2386 4.1923 
Standard deviatioo waitiog time 
patients category 2 1.0436 1.0498 1.0486 1.0575 

Waiting time patients category 3 4.5090 4.4719 4.4057 4.3790 
Standard deviation waiting time 
patients category 3 1.0594 !.0576 !.0648 1.0794 

Number of treated patients 
category I 484.8 495.0 499.2 502.8 

Number of treated paticnts 
category 2 283.0 288.4 291.6 294.4 

Nurnber of treated patients 
category 3 284.0 286.4 288.2 289.2 
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Simulation Results 

FCFS Procedure 
Sixteen patients at the waiting list 
Distribution of opemting capacity over six days of the week 
Situation 3 

Beds 16 17 

Occupancy operating room (o.r.) 0.8111 0.8367 
Standard deviation occupancy o.r. 0.2076 0.1934 

Occupancy beds 0.8487 0.8232 
Standard deviation occupancy 
beds 0.1355 0.1480 

Waiting time patients category 1 4.9488 4.7609 
Standard deviation waiting time 
patients category 1 0.9010 0.8854 

Waiting time paticnts category 2 4.9820 4.7814 
Standard deviation waiting time 
paticnts category 2 0.9328 0.9408 

Waiting time patients category 3 5.2253 5.5072 
Standard deviation waiting time 
patients catcgory 3 1.0079 0.9687 

Numher of treated patients 
calegory 1 426.2 442.0 

Number of treatcd palients 
calegory 2 252.2 259.0 

Number of treated paticnts 
calegory 3 254.0 262.0 

Beds 20 21 

Occupancy operating room (o.r.) 0.8752 0.8805 
Standard dcviation occupancy o.r. 0.1446 0.1404 

Occupancy beds 0.7330 0.7023 
Standard deviation occupancy 
beds 0.1740 0.1774 

Waiting time patients category 1 4.4649 4.4386 
Standard deviation waiting time 
patients category I 0.9561 0.9737 

Waiting time paticnts category 2 4.5202 4.4814 
Standard deviation waiting time 
patients category 2 1.0138 1.0367 

Waiting time patients category 3 4.8367 4.8154 
Standard deviation waiting time 
palients category 3 1.0469 1.0407 

Number of treated patients 
category I 465.0 466.8 

Number of treated patients 
category 2 269.8 271.6 

Number of treated patients 
calegory 3 274.0 275.8 

18 19 

0.8547 0.8704 
0.1707 0.1568 

0.7958 0.7676 

0.1606 0.1651 

4.6273 4.4989 

0.9160 0.9153 

4.6610 4.5572 

0.9670 0.9951 

4.9692 4.8779 

0.9942 1.0317 

453.2 462.2 

264.6 269.4 

267.2 272.0 

22 23 

0.8828 0.88268 
0.1380 0.13728 

0.6721 0.64292 

0.1811 0.128 

4.4190 4.42524 

0.9858 0.99592 

4.4806 4.48394 

1.0350 1.04914 

4.8202 4.82006 

1.0312 1.04104 

468.0 468.0 

272.6 272.8 

276.4 276.2 
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FCFS Procedure 
Sixteen patients at the waiting list 
Distribution of operating capacity over six days of the week 
Situation 1 

Beds 14 15 

Occupancy operating room (o.r.) 0.8125 0.8457 
Standard deviation occupancy o.r. 0.2016 0.1793 

Occupancy beds 0.8474 0.8223 
Standard deviation occupancy 
beds 0.1386 0.1529 

Waiting lime patients category I 4.9443 4.6765 
Standard devialion waiting time 
patients category I 0.8883 0.8806 

Waiting time patients category 2 4.9636 4.7257 
Standard deviation waiting time 
patients category 2 0.9216 0.9163 

Waiting time patients category 3 5.2179 4.9803 
Standard deviation waiting time 
patients category 3 0.9554 0.9680 

Number of treated patients 
category I 427.2 447.8 

Number of treated patients 
category 2 251.8 261.4 

Number of treated patients 
category 3 254.8 264.8 

Beds 18 19 

Occupancy operating room (o.r.) 0.8813 0.8846 
Standard deviation occupancy o.r. 0.1377 0.1358 

Occupancy beds 0.7140 0.6793 
Standard deviation occupancy 
beds 0.1747 0.1760 

Waiting time patients category I 4.4506 4.4281 
Standard deviation waiting time 
patients category 1 0.9637 0.9745 

Waiting time patients calegory 2 4.8095 4.4640 
Standard deviation waiting time 
palients category 2 1.0304 1.0462 

Waiting time patients category 3 4.8095 4.8208 
Standard deviation waiting time 
patienls category 3 1.0438 1.0470 

Number of treated patients 
category I 466.8 469.8 

Number of treated patients 
category 2 272.6 274.2 

Number of treated patients 
category 3 275.8 276.2 
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16 17 

0.8630 0.8745 
0.1584 0.1454 

0.7868 0.7504 

0.1597 0.1711 

4.5579 4.4658 

0.9168 0.9519 

4.5956 4.5197 

0.9587 1.0092 

4.8977 4.5197 

1.0018 1.0625 

458.0 464.4 

267.0 270.4 

269.8 273.4 

20 21 

0.8853 0.8862 
0.1383 0.1347 

0.6459 0.6159 

0.1758 0.!768 

4.4259 4.4169 

0.9788 0.9811 

4.4686 4.4604 

1.0551 1.0560 

4.8236 4.8153 

1.0419 1.0441 

470.8 471.2 

274.2 274.6 

276.4 276.6 



Simulation Results 

Myopie Procedure 
Sixteen patients at the waiting list 
Distribution of openHing capacity over two days of the week 
Situation I 

Beds 14 15 

Occupancy operating room (o.r.) 0.6713 0.7151 
Standarel deviation occupancy o.r. 0.1806 0.1856 

Occupancy beds 0.6979 0.6955 
Standard deviation occupancy 
beds 0.2644 0.2832 

Waiting time patients category I 8.6649 8.5686 
Standard deviation waiting time 
patients category I 18.0781 13.7472 

Waiting time patients catcgory 2 2.8599 3.0147 
Standani devîation waiting time 
patients catcgmy 2 1.2821 1.3887 

Waiting time patients category 3 2.5640 2.5903 
Standard deviation waiting time 
patients category 3 0.6094 0.6384 

Number of treated patients 
category I 357.4 381.8 

Number of treated patients 
category 2 203.6 216.8 

Number of treated patients 
category 3 211.6 225.2 

Beds 18 19 

Occupancy operating room (o.r.) 0.8425 0.88308 
Standard devialion occupancy o.r. 0.1573 0.13426 

Occupancy beds 0.6822 0.6782 
Standard deviation occupancy 
beds 0.3275 0.25018 

Waiting time patients category 1 7.0260 6.28 
Standard deviation waiting time 
patients category I 6.6525 5.23692 

Waiting time patients category 2 4.0790 3.16838 
Standard deviation waiting time 
patients category 2 1.3039 1.22418 

Waiting time patîents category 3 2.5975 2.61448 
Standard deviation waiting time 
patients category 3 0.6644 0.6349 

Nmnber of trcated patients 
category I 447.6 469 

Number of trcated patients 
category 2 259.2 273.6 

Number of treatcd patients 
category 3 264.0 275.8 

16 17 

0.76114 0.8037 
0.17292 0.1747 

0.6945 0.6898 

0.25854 0.3140 

8.25722 7.5286 

11.34334 7.9822 

2.8429 3.0217 

1.06302 1.2452 

2.55062 2.5461 

0.60748 0.5641 

401.2 422.6 

233.6 249.2 

239.6 252.0 

20 21 

0.9149 0.9377 
0.1178 0.1028 

0.6678 0.6530 

0.3549 0.3628 

6.0899 5.5937 

4.0645 2.7971 

3.2333 3.4105 

1.2247 1.3123 

2.6351 2.6507 

0.6576 0.6784 

486.6 502.6 

283.4 294.0 

285.6 290.0 
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Myopie Procedure 
Sixteen patients at the waiting list 
Distribution of the operating capacity over three days of the week 
Situation I 

Beds 1< 

Occupancy operating room (o.r.) 0.8133 0.8679 
Standard deviation occupancy o.r. 0.2223 0.1851 

Occupancy beds 0.8484 0.8453 
Standard deviation occupancy 
beds 0.1711 0.1778 

Waiting time patients category 1 7.2172 6.2894 
Standard deviation waiting time 
patients category 1 6.4967 5.3164 

Waiting time patients category 2 2.7572 2.7415 
Standard deviation waiting time 
patients category 2 2.1033 1.7982 

Wailing time patients category 3 1.7350 1.7453 
Standard deviation wailing time 
patients category 3 1.0422 0.9166 

Number of treated patients 
category 1 429.2 460.6 

Number of treated patients 
category 2 251.8 268.8 

Number of treated patients 
category 3 254.8 271.2 

Beds 18 19 

Occupancy operatîng room (o.r.) 0.9849 0.9943 
Standard deviation occupancy o.r. 0.0632 0.0341 

Occupancy beds 0.7994 0.7645 
Standard deviation occupancy 
beds 0.2013 0.2097 

Waiting time patients category 1 4.8227 4.5565 
Standard deviation waiting time 
patients categ01y I 1.6951 1.2617 

W aiting time patients category 2 3.5835 3.6699 
Standard deviation waiting time 
patients category 2 1.2793 l.l598 

Waiting time patients category 3 2.5448 2.8726 
Standard deviation waiting time 
patients category 3 LJ826 1.2108 

Number of treated patients 
category I 527.0 532.4 

Number of treated patienls 
category 2 308.4 311.4 

Number of treated patients 
category 3 305.0 307.8 
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16 17 

0.9143 0.9562 
0.1506 0.1084 

0.8347 0.8225 

0.1877 0.1947 

5.7669 5.1646 

3.9840 2.7957 

2.9832 3.2445 

1.7833 1.5341 

1.9810 2.2203 

1.1205 1.1504 

486.8 512.4 

285.0 301.6 

284.4 294.8 

20 21 

0.9979 0.9988 
0.0208 0.0125 

0.7293 0.6953 

0.2111 0.2149 

4.4377 4.4282 

1.0662 1.0448 

3.7980 3.7855 

1.0488 1.0396 

2.9034 2.9442 

1.1651 1.1298 

535.4 535.6 

313.0 313.2 

308.4 308.8 



Simulation Results 

Myopie Proccdure 
Sixtccn paticnts at the waiting list 
Distribution of the operating capacity over six days of the week 
Situation l 

Beds 14 15 

Occupancy operating mom (o.r.) 0.8832 0.9259 
Standard deviation occupancy o.r. 0.2443 0.2101 

Occupancy beds 0.9217 0.9027 
Standard deviatioo occupancy 
beds 0.1180 0.!380 

Waiting time patients category I 5.9584 5.4021 
Standard deviation waiting time 
patients category 1 3Jl016 2.1520 

W àÏtÎng time patlents category 2 33624 3.4461 
Standani deviation waiting time 
patients category 2 1.9045 1.6275 

Waitîng time patÎents çategory 3 2.1818 2.3838 
Standard deviatlon waîlîng tÎmc 
patients calegory 3 1.6623 1.5672 

Numbcr of treated patients: 
category 1 468.8 497.8 

Number of treated patients 
category 2 273.4 289.8 

Number of I realed patients 
categ.ory 3 276.0 286.2 

Beds :===1 19 

Occupancy operating room (o.r.) 0.9988 0.9993 
Standard deviation occupancy o.r. 0.0166 0.0095 

OccupanL-y beds 0.8114 0.7690 
Standard deviation occupan<.-y 
beds 0.1580 0.1660 

Waiting time patients category I 4.1622 4.1073 
Standard deviation waiting time 
patients category I 0.8119 0.8180 

Waiting time patients category 2 3.7244 3.7682 
Standard devialion waiting time 
patients category 2 0.9700 0.9702 

Waiting time patients category 3 3.}562 3.4024 
Standard deviation wail ing time 
patients category 3 1.1360 1.0833 

Number of treated patients 
category I 537.0 536.2 

Number of treated patients 
category 2 313.2 313.4 

Number of trcatcd patients 
category 3 308.4 308.8 

16 17 

0.9678 0.9919 
0.1417 0.0626 

0.8840 0.8531 

0.1416 0.1514 

4.7100 4.3055 

Ll472 0.9420 

3.6270 3.7425 

1.2981 1.0903 

2.9308 3.1936 

1.4376 1.2586 

518.0 530.2 

305.2 311.6 

298.6 306.8 

20 21 

0.9999 1.0000 
0.0014 0.0000 

0.7312 0.6964 

0.1713 0.1734 

4.0908 4.0834 

0.8309 0.8398 

3.7459 3.7626 

0.9575 0.9489 

3.4521 3.4639 

1.0285 1.0173 

537.0 537.2 

313.4 313.4 

309.0 309.0 
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Appendix D 

Myopie Procedure 
Sixteen patients at the waiting list 
Distribution of the operating capacity over two days of the week 
Situation 2 

20 21 22 23 

Occupancy opemting room (o.r.) 0.8148 0.8489 0.8834 0.91042 
Standanl deviation occupancy o.r. 0.1810 0.16612 0.1437 0.12736 

Occupancy beds 0.8478 0.84056 0.8362 0.824232 
Standanl deviation occupancy 
beds 0.1869 0.1845 0.1998 0.18362 

Waitiog time patients category I 7.2586 6.73022 6.1207 6.064 
Standanl deviation waiting time 
patients calegory I 7.4577 5.42636 4.2020 3.91868 

Waiting time patients category 2 3.1293 3.202 3.2744 3.30266 
Standard deviation waiting time 
patients category 2 1.3490 1.4692 1.3746 1.24552 

Waiting time patients category 3 2.6185 2.62446 2.6264 2.64386 
Standanl deviation waiting time 
patients category 3 0.6649 0.65836 0.6475 0.68438 

Number of treated patients 
category 1 430.0 449.4 468.6 484.2 

Number of treated palients 
category 2 252.4 261.2 273.8 283.6 

Number of treated patienls 
category 3 255.2 226.4 276 283.4 

24 25 26 27 

Occupancy eperating room ( o. r.) 0.9351 0.95334 0.9700 0.97724 
Standanl deviation occupancy o.r. 0.1083 0.0905 0.0693 0.0621 

Occupancy bed• 0.8122 0.79376 0.7771 0.754 
Standanl deviation occupancy 
beds 0.2166 0.17728 0.2262 0.17134 

Waiting time patiellts category I 5.6356 5.5011\4 5.3090 5.2063 
Standanl deviation waiting time 
patienls category 1 3.1232 2.53728 2.0124 1.65698 

Waiting time palients category 2 3.3184 3.4879 3.4309 3.64164 
Standard deviation waiting time 
patienls calegory 2 1.3221 1.3352 1.3049 1.3402 

Waiting time patients category 3 2.6492 2.64918 2.7170 2.70668 
Standard deviation waiting time 
patients category 3 0.6513 0.6955 0.7846 0.73574 

Number of lreated patienls 
category 1 501.8 512.8 521.6 525 

Number of lreated patients 
category 2 293.2 299.6 305.2 307.4 

Number of treated palienls 
category 3 289.0 294 299.0 301.4 
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Simulation Results 

Myopie Procedure 
Sixtecn patients at the waiting list 
Distribution of the operating capacity over three days of the week 
Situation 2 

Beds 20 21 

Occupancy operating room (o.r.) 0.8640 0.8987 
Standard deviation occupancy o.r. 0.1936 0.1616 

Occupancy beds 0.8980 0.8912 
Standard deviation occupancy 
beds 0.1294 0.1353 

Waiting time palients category l 6.ü:\66 5.5629 
Standard deviation wailing time 
patients category 1 4.9188 4.2002 

Waiting time patients category 2 3.0352 3.1274 
Standard dcvîaiÎon waîting time 
patienls category 2 1.R901 1.6732 

Waiting tirne llaticnts category 3 1.9609 2.0443 
Standani dcviation waiting titne 
patients category 3 1.0501 1.1227 

Number of I realed patients 
catcgory 1 460.0 4&1.6 

Numher of trcated palientt-O 
catcgory 2 267.2 278.4 

i'iumber of trcated patients 
category 3 269.8 279.6 

Beds 25 

Occupancy opemting roon1 (o.r.) 0.9819 0.9922 
Standard deviation occupancy o.r. 0.0695 0.0465 

Occupancy beds 0.8513 0.8258 
Standard deviation occupancy 
beds 0.1511 0.1522 

Waiting time patJenis category 1 4.7385 4.5751 
Standard devïation waiting time 
patients category I 1.7866 1.3082 

Waiting time patients category 2 .'.5773 3.7119 
StandanJ devialion waiting time 
pa!ients category 2 L2562 1.1616 

Waiting time palieniS category 3 2.6l32 2.7973 
Standard deviation waiting lime 
palicnts category 3 1.1999 1.1752 

Number of treated paticnts 
calegory 1 525.8 531.2 

~ urnOer of trcated patients 
catcgory 2 308.6 311.0 

Number of treated patients 
category 3 303.4 307.0 

22 23 

0.9318 0.9579 
0.1433 0.1150 

0.8831 0.8670 

0.1416 0.1498 

5.2977 4.9718 

3.3985 2.5293 

3.2097 3.3918 

1.6081 1.3769 

2.2878 2.3962 

1.1676 1.1584 

498.6 515.0 

292.4 302.4 

288.2 294.8 

26 27 

0.9983 0.9992 
0.0153 0.0092 

0.7993 0.7704 

0.1518 0.1536 

4.4955 4.4728 

1.0382 1.0077 

3.7440 3.8235 

1.0337 1.0614 

2.9253 2.8806 

1.1424 l.l524 

535.6 535.4 

313.0 313.0 

308.6 309.2 
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Appendix D 

Myopie Procedure 
Sixteen patients at the waiting list 
Distribution of the operating capacity over six days of the week 
Situation 2 

20 22 23 

Occupancy operating room (o.r.} 0.8854 0.9236 0.9513 0.9795 
Standard deviation occupancy o.r. 0.2395 0.2038 0.1672 0.1077 

Occupancy beds 0.9236 0.9179 0.9010 0.8859 
Standard deviation occupancy 

o."u84 beds 0.1050 0.1074 0.1171 

W aiting time patients categoty 1 5.6357 5.2383 4.8034 4.4687 
Standard devialion waiting time 
patients categoty 1 3.5738 2.6001 1.8172 1.2187 

Waiting time patients category 2 3.3307 3.4835 3.5622 3.6651 
Standard deviation waiting time 
patients category 2 1.9876 1.7079 1.5283 1.2460 

Waiting time patients category 3 2.4064 2.5949 2.8514 3.0790 
Standard deviation waiting time 
patients category 3 1.7163 1.6375 1.4590 1.3451 

Number of treated patients 
categOty 1 470.6 494.2 509.2 524.4 

Number of treated patients 
category 2 276.4 288.8 300.2 307.6 

Number of treated patients 
categOty 3 275.4 286.2 293.4 302.8 

Beds 24 25 26 27 

Occupancy operating room (o.r.) 0.9921 0.99826 0.9996 0.99992 
Standard deviation occupancy o.r. 0.0705 0.02778 0.0072 0.00144 

Occupancy beds 0.8605 0.8312 0.8007 0.77116 
Standard deviation occupancy 
beds 0.1225 0.09904 0.1268 0.09498 

Waiting time patients category l 4.2498 4.13822 4.0889 4.08972 
Standard deviation waiting time 
patients category 1 0.9600 0.85158 0.8342 0.83386 

Waiting time patients category 2 3.7256 3.71762 3.7716 3.7501 
Standard deviation waiting time 
patients category 2 1.0823 0.97114 1.0045 0.94038 

Waiting time patients category 3 3.2871 3.40514 3.4427 3.45288 
Standard deviation waiting time 
patients category 3 1.1760 1.1111 1.0501 1.0337 

Number of treated patients 
category I 531.4 535.0 535.4 535.8 

Number of treated patients 
categOty 2 310.8 312.8 313.4 313.6 

Number of treated patient; 
ca!egOJY 3 307.0 308.8 309.2 309.2 
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Simulation Results 

Myopie Procedure 
Sixteen patients at the waiting list 
Distribution of the operating capacity over two days of the week 
Situation 3 

Beds 16 17 

Occupancy opcrating mom ( o.r.) 0.7013 0.74426 
Standatd dcviation occupancy o.r. 0.2131 0.20468 

Occupancy beds 0.7366 0.734 
Standatd deviation occupancy 
beds 0.2811 0.27674 

Waiting time patients category I 9.1033 8.06548 
Slandard deviation waiting time 
pationis category I 10.2447 7.69058 

Waiting time palients catcgory 2 3.6334 3.63538 
Standard deviatlon wailing time 
paticnts category 2 1.6983 1.78642 

Waîting time patîents category ~ 2.7521 2.79112 
Standard cleviation waicîng time 
palieniS category 3 1.0747 1.13518 

Number of trcated palienls 
calegory I 369.2 391.0 

Number of lreated patienls 
calegory 2 212.6 225.6 

Number of treated patients 
calegory 3 222.2 236.0 

Beds 20 21 

Occupancy opcrating room (o.r.) 0.85584 0.8891 
Standard devialion occupancy o.r. 0.17076 0.1517 

Occupancy beds 0.71846 0.7106 
Standatd deviation occupancy 
beds 0.26526 0.3338 

Wailing time patieniS calegory I 6.08172 5.6857 
Standard deviation waiting time 
patients category I 2.96!04 2.0117 

Waiting time patients cacegory 2 3.79354 3.7800 
Standard devlation waiting time 
palients category 2 1.71586 1.6721 

Waiting time palienls category 3 2.75344 2.7447 
Standard deviation waiüng time 
patients calegory 3 !.03238 0.9727 

Number of 1 realed patients 
category I 454.8 473.0 

Number of trealed patients 
category 2 266.4 276.8 

Number of sreated paüents 
category 3 266.6 276.8 

l:==r 19 

0.7&62 0.8197 
0.1947 0.1946 

0.7321 0.7219 

0.3054 0.3221 

7.1472 6.6489 

5.4226 3.7641 

3.7102 3.8561 

1.6991 1.7807 

2.7241 2.7813 

1.0581 1.0293 

412.8 433.2 

243.8 253.8 

246.6 256.6 

22 23 

0.9154 0.9424 
0.1266 0.1069 

0.6993 0.68776 

0.3386 0.22926 

5.2903 5.15096 

1.8313 1.6748 

3.6546 3.63292 

1.4828 1.46484 

2.7029 2.69946 

0.8575 0.79688 

489.4 505.0 

285.4 295.6 

284.2 291.4 
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Myopie Procedure 
Sixteen patients at the waiting list 
Distribution of the operating capacity over three days of the week 
Situarlon 3 

16 17 

Occupancy operating room (o.r.) 0.8346 0.8761 
Standani deviation occupancy o.r. 0.2072 0.1788 

Occupancy beds 0.8733 0.8641 
Standani deviation occupancy 
beds 0.1558 0.1671 

Waiting time patients category I 7.2298 6.7113 
Standani deviation waiting time 
patients category I 6.5164 5.0307 

Waiting time patients category 2 2.9796 2.9247 
Standani deviation waiting time 
patienls category 2 2.0036 1.9433 

Waiting time patients category 3 1.7247 1.7871 
Standani deviation waiting time 
patients category 3 0.9423 0.9773 

N omber of treated patients 
category I 441.0 464.2 

Number of treated patienls 
category 2 259.0 273.6 

Number of treated patients 
category 3 261.0 272.8 

Beds 20 21 

Occopancy operaling room ( o.r.) 0.9781 0.9913 
Standani deviation occupancy o.r. 0.0767 0.0391 

Occupancy beds 0.8191 0.7911 
Standard deviation occupancy 
beds O.l'i46 0.2087 

Waiting time patients category I 4.9457 4.7805 
Standard deviation waiting time 
patients category I 1.8050 1.3734 

Waiting time patients category 2 3.5763 3.6504 
Standard deviation waiting time 
patients category 2 1.4092 1.2380 

Wailing time patients category 3 2.4503 2.6205 
Standard deviation waiting time 
patients category 3 1.1749 1.1289 

Number of treated patients 
category I 523.4 530.6 

Number of treated patients 
category 2 307.6 311.0 

Nurnber of treated patient< 
category 3 302.2 306.6 
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18 19 

0.9183 0.952 
0.1467 0.1178 

0.8570 0.8404 

0.1746 0.1798 

5.9817 5.5291 

3.7971 2.7082 

3.1156 3.4083 

1.6744 1.5985 

1.9234 2.1000 

1.0186 1.0898 

493.2 511.2 

286.6 300.0 

284.4 293.4 

22 23 

0.9970 0.9981 
0.0222 0.0139 

0.7601 0.7280 

0.2155 0.2290 

4.5534 4.4488 

1.1019 1.0825 

3.7158 3.7842 

1.1069 1.0529 

2.8577 2.9402 

1.1580 1.1531 

535.6 536.6 

312.2 313.0 

308.3 308.2 



Simulation Results 

Myopie Proccdure 
Sixtccn patients at the waiting list 
Distribution of the operating capacity over six days of the weck 
Situation 3 

Beds 17 

Occupancy operating room ( o.r.) 0.8812 0.9227 
Standard deviation occupancy o.r. 0.2589 0.2160 

Occupancy beds 0.9241 0.9122 
Standard deviation occupancy 
beds 0.1124 0.1196 

Waiting time patients category 1 5.9647 5.2988 
Standard deviation waiting time 
patients category I 2.1783 1.5289 

Waiting time patients category 2 3.6180 3.7006 
Standard deviation waiting time 
patients category 2 1.&694 1.6198 

Waiting time paticnts category 3 2.3245 2.5446 
Standard deviation waiting titne 
patients category 3 1.6388 1.5663 

Number of treated patiellts 
category I 468.8 494.4 

Number of treated patients 
category 2 274.6 288.4 

Number of lreated patients 
category 3 274.2 285.8 

Beds 20 21 

Occupancy operating room ( o. r.) 0.9902 0.9956 
Standard devîation occupancy o.r. 0.0705 0.0502 

Occupancy beds 0.8299 0.7949 
Standard deviation occupancy 
bcds 0.1654 0.1751 

Waitîng time pal ients category 1 4.2730 4.1806 
Standard deviation waîting time 
patients category 1 0.8116 0.8232 

Waiting time patients category 2 3.7215 3.7699 
Standard deviation waitîng time 
patients category 2 1.0655 0.9840 

Waiting time patients category 3 .1.2979 3.3800 
Standard deviation waiting time 
patients ealegory 3 1.1721 Ll194 

Number of treated patients 
calegory l 530.0 533.8 

Number of treated patîents 
category 2 310.0 312.6 

Number of trcated patients 
category 3 306.6 307.6 

18 19 

0.9592 0.9791 
0.1530 0.1148 

0.8929 0.8635 

0.1347 0.1505 

4.8958 4.5476 

1.2003 0.8893 

3.7068 3.6756 

1.3778 1.1329 

2.7094 3.0537 

1.4429 1.3434 

514.4 525.0 

302.2 307.6 

295.8 302.4 

22 23 

0.9992 0.99932 
0.0117 0.01156 

0.7621 0.72904 

0.178& 0.1268 

4.1532 4.0928 

0.7907 0.79976 

3.7369 3.76712 

0.9847 0.96818 

3.4489 3.45794 

1.0533 1.03402 

536.6 536.8 

313.2 313.2 

308.8 30&.8 
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Balancing Procedure 
Sixteen patients at the waiting list 
Distribution of the operating capacity over two days of the week 
Situation 1 

Beds 14 15 

Occupancy operating room (o.r.) 0.6714 0.7188 
Standard deviation occupancy o.r. 0.1122 0.1025 

Occupancy beds 0.6994 0.6993 
Standard deviation occupancy 
beds 0.3169 0.3281 

Waiting time patients category I 7.9659 7.1763 
Standard deviation waiting time 
patient~ category I 3.5137 2.8479 

Waiting time patients category 2 4.9073 4.79!7 
Standard deviation waiting time 
patients category 2 2.0223 1.8830 

Waiting time patienls category 3 3.6242 3.5231 
Standard deviation waiting time 
patients category 3 1.6295 1.4145 

Number of I realed patients 
category 1 359.0 381.0 

Number of treated patients 
category 2 204.2 217.6 

Number of treated patienls 
category 3 211.0 227.2 

Beds 18 19 

Occupancy operating room ( o. r.) 0.8559 0.72626 
Standard deviation occupancy o.r. 0.1029 0.06582 

Occupancy beds 0.6937 0.56248 
Standard deviation occupancy 
beds 0.3615 0.207 

Waiting time patients category l 5.4942 3.46372 
Standard deviation waiting time 
patients category 1 1.8793 1.3777 

Waiting time patients category 2 4.0021 3.08086 
Standard deviation waiting time 
patients category 2 1.3797 1.07108 

Waiting time patients category 3 3.4062 3.34766 
Standard deviation waiting time 
patients category 3 1.1682 1.23864 

Number of treated patients 
category l 454.2 387.0 

Number of treated patients 
category 2 264.4 225.2 

Number of lreated patients 
category 3 267.8 226.4 
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16 17 

0.76734 0.8114 
0.11172 0.1130 

0.70052 0.6965 

0.29826 0.3511 

6.51812 6.0040 

2.52052 2.1440 

4.39136 4.1116 

1.59624 1.5234 

3.5667 3.5431 

1.35416 1.2942 

402.0 427.8 

236.6 251.4 

241.6 254.2 

20 21 

0.9339 0.9620 
0.0945 0.0725 

0.6828 0.6700 

0.3794 0.3806 

4.61:13 4.2462 

1.8990 !.5656 

3.5336 3.4878 

1.2256 1.2222 

3.4341 3.7397 

1.1806 l.1892 

499.8 516.4 

291.6 303.0 

289.6 296.6 



Simulation Results 

Balancing Procedure 
Sixteen patients at the waiting list 
Distribution of the operating capacity over thrce days of the week 
Situation I 

Beds 14 15 

Occupancy operating room (o.r.) 0.8324 0.8877 
Standard deviation occupancy o.r. 0.1355 0.1114 

Occupancy beds 0.8753 0.8698 
Standard deviation occupancy 
beds 0.1851 0.1881 

Waiting time patients categoty I 4.8228 4.4405 
Stamiard deviation waitfng time 
patients calegoty 1 1.7128 1.5207 

Waiting time patients ca1cgory 2 4.9829 4.5265 
Standard ûcvïation waïting tÎJne 
patients category 2 1.7244 1.5224 

Waiting time patients categoty 3 4.4595 4.0333 
Standard deviation waiting time 
patients categoty 3 2.2389 1.9986 

Number of treated pattents 
categoty 1 441.0 471.6 

Number of treated patients 
categoty 2 257.6 275.0 

N umber of treated pat i ent s 
categoty 3 260.4 277.2 

Beds 18 19 

Oecupancy operati ng room ( o. r.) 0.9878 0.9891 
Slandard deviation occupancy o.r. 0.0370 0.0341 

Occupancy beds 0.8051 0.7639 
Standard deviation occupancy 
beds 0.211C 0.2100 

Waiting time patients category 1 3.6920 3.4126 
Standard deviation waiting time 
patients catcgo.y I 11548 0.9876 

Waiting time paüents catcgory 2 3.5571 3.7548 
Standard deviation waicing time 
patients categoty 2 1.2611 1.1371 

Waiting time patienls categoty 3 4.3277 4.6832 
Standard deviation waiting time 
patieots categoty 3 1.4685 1.3748 

Number of I realed patients 
category I 529.6 529.0 

Number of treated patients 
category 2 309.8 310.0 

Number of treated patients 
categoty 3 305.4 306.2 

16 l7 

0.9415 0.9762 
0.0&66 0.0618 

0.8641 0.8419 

0.2052 0.2125 

4.2999 4.0354 

1.5131 1.4523 

3.7318 3.2429 

1.6625 1.4190 

3.7361 3.9811 

1.8378 l.7062 

504.8 522.2 

295.8 306.8 

290.8 301.8 

20 21 

0.9899 0.9904 
0.0313 0.0309 

0.7270 0.6924 

0.2135 0.2161 

3.3140 3.3076 

0.9185 0.9113 

3.8506 3.8754 

1.1247 1.0909 

4.7669 4.7542 

1.2612 1.2453 

531.0 530.6 

309.6 310.0 

306.4 306.6 
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BalmlCing Procedure 
Sixteen patients at the waiting list 
Distribution of the opemting capacity over six days of the week 
Situation 1 

Beds 14 15 

Occupancy opera!ing room (o.r.) 0.8219 0.8952 
Standard deviation occupancy o.r. 0.2508 0.1710 

Occupancy beds 0.9325 0.9197 
Standard deviation occupancy 
beds 0.1180 0.1059 

W aitlng time patients category I 1.0692 2.1412 
Standard deviatlon waiting time 
palients calegory I 1.1355 1.8002 . 

Waitlng time patients category 2 4.1194 4.7747 
Standard deviation waiting time 
patients category 2 2.6559 2.0852 

Waiting time patients category 3 11.8567 7.3314 
Standard deviation waiting time 
patients category 3 3.4518 3.0355 

Number of treated patients 
category I 435.0 475.8 

Number of treated patients 
category 2 256.4 277.2 

Number of treated patients 
category 3 256.2 279.6 

Beds 18 19 

Occupancy opernting room (o.r.) 0.9479 0.9473 
Standard deviation oceupancy o.r. 0.0928 0.0916 

Occupancy beds 0.8016 0.7591 
Standard deviation occupancy 
beds 0.1314 0.1312 

Waiting time patients category I 2.4443 2.4834 
Standard deviation waiting time 
patients category l 1.3076 1.2963 

Waiting time patients category 2 4.5550 4.5202 
Standard devialion waiting time 
patients category 2 1.3365 1.3050 

Waiting time patients category 3 6.2151 6.2255 
Standard deviation waiting time 
patients category 3 1.9506 1.8344 

Number of treated patients 
category 1 505.0 506.2 

Number of treated patients 
category 2 299.4 297.6 

Number of treated patients 
category 3 292.8 293.0 
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16 17 

0.9366 0.9404 
0.1245 0.0994 

0.8901 0.8425 

0.1134 0.1207 

2.6316 2.5452 

1.5043 1.3804 

4.4487 4.4085 

1.7443 1.4900 

6.1425 6.2562 

2.4686 2.1217 

499.4 504.6 

294.2 295.0 

290.0 290.6 

20 21 

0.9517 0.9524 
0.0885 0.0877 

0.7242 0.6900 

0.1364 0.1411 

2.5220 2.5056 

1.2346 1.2385 

4.5635 4.5378 

1.1984 1.2146 

6.1279 6.1330 

1.6682 1.6531 

507.2 507.4 

298.8 300.0 

! 294.8 294.6 



Simulation Results 

Balancing Procedure 
Sixteen patients at the waiting list 
Distribution of thc opcrating capacity over threc days of the weck 
Situation 2 

Beds 20 21 22 23 

<kcupancy operating room (o.r.) 0.8677 0.9209 0.9488 0.9736 
Standard deviation occupancy o.r. 0.1873 0.1161 0.0733 0.0534 

<kcupancy beds 0.9314 0.9242 0.9076 0.8898 
Standard deviation occupanc-y 
beds 0.1219 0.1303 0.1314 0.1341 

Wailing time patients category 1 3.4818 4.1528 3.7008 3.5747 
Standard deviation waiting time 
patients category I 1.8857 1.9152 1.4630 1.3155 

Waiting time patients catcgory 2 4.1004 3.8173 3.7495 3.5567 
Standard deviation waiting time 
patients category 2 1.6562 1.7434 1.5358 1.4222 

Waîtîng time patieots catcgory 3 6.6805 4.2829 4.5667 4.6371 
Standard deviation waiting time 
patients calegory 3 3.2298 2.2545 2.0533 1.8201 

Number of lreatcd patients 
category l 458.4 491.4 510.4 522.8 

Number of trcatetl patients 
category 2 269.6 287.4 298.6 306.2 

Number of I realed patiellts 
category 3 271.2 286.0 292.4 300.4 

Beds 24 25 26 27 

Occupancy operating room (o.r.) 0.9775 0.9829 0.9813 0.9823 
Slanûard deviation occupancy o.r. 0.0481 0.0397 0.0403 0.0394 

Occupancy bed.• 0.8555 0.8258 0.7931 0.7646 
S1andard deviation occupancy 
beds 0.134? 0.1406 0.1398 0.1431 

Waiting time palients category I 3.2837 3.2329 3.!968 3.1513 
Standani deviation wailing time 
patients catcgory l 1.3284 1.0153 1.0331 0.9992 

Waiting time palients category 2 3.8237 3.8645 3.8798 3.9678 
Standard dcviation waiting time 
patients category 2 1.3284 1.1776 1.1650 1.0921 

Waiting time palients category 3 4.9562 5.0574 5.1410 5.1237 
Standa.rd dcviation waiting time 
patients catcgory 3 1.6708 1.4662 1.4623 1.4577 

Number of treated patients 
category I 524.0 527.4 528.0 527.6 

Number of treatcd paüents 
category 2 305.8 308.6 308.0 308.2 

Number of lreated patients 
category 3 302.6 303.6 302.8 303.4 
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BalmlCing Procedure 
Sixteen patients at the waiting list 
Distribution of the operating capacity over six days of the week 
Situation 2 

CBeds 20 21 

Occupancy operating room (o.r.) 0.8415 0.8853 
Standani deviation occupancy o.r. 0.2292 0.1848 

Occupancy beds 0.9367 0.9270 
Standard deviation occupancy 
beds 0.0861 0.0841 

Waiting time patients category I 0.6542 1.3177 
Standard deviation waiting time 
patients category l 0.8876 1.4515 

Waiting time patients category 2 2.0187 4.4287 
Standani deviation waiting time 
patients category 2 1.9328 2.5694 

Waiting time patients category 3 14.1457 9.4296 
Standani deviation waiting time 
patients category 3 3.1216 3.6106 

Nwnber of treated patients 
category 1 448.0 469.0 

Number of treated patients 
category 2 263.0 274.6 

Number of treated patients 
category 3 261.4 276.6 

I Beds 24 25 

Occupancy operating room (o.r.) 0.9406 0.98784 
Standani deviation occupancy o.r. 0.1046 0.03758 

Occupancy beds 0.8500 0.85172 
Standani deviation occupancy 
beds 0.0930 0.08086 

Waiting time patients category I 1.8644 2.37228 
Standani deviation waiting time 
patients calegory I 1.6117 1.51544 

Waiting time patients category 2 3.8849 4.02272 
Standard deviation waiting time 
patients eategory 2 1.9066 1.49976 

Waiting time patients eategory 3 7.7593 6.14976 
Standani deviation waiting tin1e 
patients category 3 3.1031 2.27304 

Number of lreated patients 
eategory 1 503.0 530.0 

Number of treated patients 
category 2 293.6 309.2 

Number of treated pal ients 
category 3 291.8 305.6 
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22 23 

0.9152 0.9373 
0.1626 O.ll91 

0.9080 0.8843 

0.0868 0.0906 

1.8132 2.0638 

1.7382 1.7127 

4.3594 4.1412 

2.2357 1.9277 

7.9248 7.4516 

3.0759 3.0169 

485.0 500.2 

284.6 293.8 

285.6 290.4 

26 27 

0.9487 0.987 
0.0880 0.0382 

0.7892 0.78952 

0.1003 0.07758 

2.0123 2.20604 

1.4323 1.41566 

4.2133 4.18406 

1.6288 1.37006 

7.2670 6.32092 

2.5981 2.08278 

505.4 529.2 

298.2 309.4 

293.8 305.2 



Simulation Results 

Balancing Procedure 
Sixteen patients at the waiting list 
Distribution of the operating capacity over three days of the week 
Situation 3 

Beds 16 17 

Occupancy operating room (o.r.) 0.8265 0.8703 
Standard deviation occupancy o.r. 01876 0.1744 

Occupancy beds 0.8768 0.8668 
Standard deviation occupancy 
beds 0.1833 0.1956 

Waîting time patîents category 1 4.6817 4.4268 
Standard deviation wailing time 
palients calegory l 2.1251 1.7575 

Waiting time patienls category 2 5.0068 4.5689 
Standard devîation waiting time 
patients category 2 2.0139 1.6956 

Waiting time pat ien!S category 3 4.8882 4.2776 
Standard dcviation waiting time 
patients category 3 2.8441 2.4263 

Number of treated patienls 
category 1 438.4 463.8 

Number of trcated patients 
category 2 256.2 271.2 

Number of I realed patients 
category 3 258.2 270.6 

Beds 20 21 

Occupancy operating room (o.r.) 0.9665 0.9815 
Standard deviation occupancy o.r. 0.0999 0.0549 

Occupancy beds 0.8130 0.7873 
Standard deviation occupancy 
beds 0.2047 0.2059 

Waiting time patients category I 3.7468 3.4773 
Standard devîation waiting time 
patienls category l 1.2680 1.0571 

Waiting time patients category 2 3.5414 3.8003 
Standard deviaüon waiting timè 
patients category 2 1.3652 1.2208 

Waiting time patients category 3 4.4763 4.6513 
Standard deviation waiting time 
patients category 3 !.6682 1.4761 

Number of treated palients 
category I 519.2 525.2 

Number of treated patients 
category 2 304.2 308.0 

Number of treated patients 
category 3 298.0 303.6 

18 19 

0.9121 0.9478 
0.1515 0.1314 

0.8558 0.8406 

0.2018 0.2065 

4.3008 4.0598 

1.7903 1.5303 

4.0762 3.5598 

1.6586 1.5425 

3.9968 4.1069 

2.1333 1.9410 

486.2 507.6 

284.2 297.6 

283.6 293.0 

22 23 

0.9850 0.9862 
0.0451 0.0390 

0.7552 0.7230 

0.2122 0.2119 

3.3395 3.2743 

0.9407 0.8727 

3.7428 3.8752 

1.1944 1.1522 

4.8626 4.8933 

1.3782 1.3767 

527.2 528.0 

308.8 308.6 

304.8 305.4 
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Balancing Procedure 
Sixteen patients at the waiting list 
Distribution of the operating capacity over six days of the week 
Situation 3 

Beds 16 17 

Occupancy operating room (o.r.) 0.8044 0.8578 
Standard deviation occupancy o.r. 0.2797 0.2254 

Occupancy beds 0.9136 0.9028 
Standard deviation occupancy 
beds 0.1266 0.1171 

W ailing time patients category 1 0.7416 1.3668 
Standard deviation waiting time 
patienls category I 0.9025 1.3354 

Waiting time patients category 2 2.7523 4.4612 
Standard deviation waiting time 
patienls category 2 2.5617 2.5600 

Waiting time patients category 3 14.2744 10.0189 
Standard deviation waiting time 
patients category 3 3.0590 3.4444 

Number of treated patients 
category 1 425.8 454.6 

Number of treated patients 
category 2 248.8 266.0 

Number of treated patiems 
category 3 251.l! 268.0 

Beds 20 21 

Occupancy operating room ( o. r.) 0.9472 0.9537 
Standard deviation occupancy o.r. 0.1137 0.0891 

Occupancy beds 0.8261 0.7923 
Standard deviation occupancy 
beds 0.1395 0.1378 

Waiting time patients category I 2.2884 2.3794 
Standard deviation waiting time 
patients category 1 1.3844 1.2452 

Waiting time patîenls category 2 4.3146 4.3342 
Standard deviation waiting time 
patients category 2 1.7470 1.3676 

Waiting time patients category 3 6.5899 6.3447 
Standard deviation waiting time 
patients category 3 2.4741 2.0222 

Number of trealed patients 
category 1 506.8 512.0 

Number of treated patients 
category 2 297.6 300.0 

Number of treated patients 
category 3 292.8 294.2 
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Appendix D 

18 19 

0.9113 0.9333 
0.1647 0.1419 

0.8903 0.8611 

0.1139 0.1242 

2.1298 2.2009 

1.5434 1.4411 

4.6626 4.5191 

1.9581 1.6658 

7.3132 6.8431 

2.8809 2.5835 

484.6 498.4 

283.2 291.2 

284.0 289.8 

22 23 

0.9527 0.99202 
0.0876 0.03046 

0.7551 0.7527 

0.1436 0.10598 

2.3078 2.40174 

1.2630 1.17632 

4.4479 4.29456 

1.3288 1.11816 

6.4087 5.77828 

2.0261 1.60348 

511.4 531.2 

300.0 310.8 

293.8 307.0 



Summary 

The intent of this study was to improve the patient flow control by means of actmission 

planning in a situation with multiple resource constraints. Interviews with hospita! managers 

showed that they experience difficulties achieving a high utilization of all resources and a 

better patient service in this type of situation. These difficulties were mainly due to a Jack of 

knowledge and information about: 

1) the capacity needs of an individual patient for the individual processing steps, 

2) the availability of resources in the future, and 

3) the type of polkies that have to be used in this type of situation. 

A decision support system was developed to provide the admission planner with information 

about the capacity needs of an individual patient for the individual processing steps and the 

availability of resources in the future. This type of information was based upon the prediction 

models of Kusters. In addition, the system provided the planner with information about the 

patient's waiting time, the results of the preoperative screening and the requirements for blood 

or a prosthesis. 

The decision support system was implemented in three hospitals in order to determine: 

whether the predierion models developed by Kusters could be applied in practice, 

whether using the decision support system could lead to improving the achlevement of the 

actmission planning goals, and 

whether the system design was satisfactory. 

Results from these case studies showed that: 

the prediction models developed by Kusters could, with minor adjustments, by applied in 

practice, 

using the decision support system could improve the achievement of the actmission 

planning goals, and 

the system design was judged to be satisfactory on almost every aspect. 

In our study, the admission planning in a situation with multiple resource constraints is 

modelled as a flow shop with a number of different orders and without buffers between the 

individual processing steps. This way of modelling makes is clear that in this type of 

situation: 

control of all the resources at the operational level of planning is only possible by 

selecting patients from the waiting list to be admitted into the hospita!, and 

blocking can occur. 
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beheersing van de bezetting van alle capaciteiten op het operationele nivo van planning 

alleen mogelijk is door een selectie te maken van patienten uit de wachtlijst, en 

blokkering kan optreden. 

Blokkering is hier gedefinieerd als het verschijnsel dat optreedt in situatie waarin capaciteit 
in één behandelingsstap niet gebruikt kan worden, omdat de benodigde capaciteit 

voor deze patient in een andere behandelingsstap ontbreekt. Als blokkering optreedt kan dit 

leiden tot een daling in de bezetting. Om een hoge bezetting van de capaciteiten te bereiken 

is het dus belangrijk om het optreden van blokkering te minimaliseren. 

Om te onderzoeken welk type beslissingsregels gebruikt moet worden in een situatie met 
meerdere schaarse capaciteiten zijn twee nieuwe beslissingsregels geformuleerd en vergeleken 

met twee in de praktijk gebruikte beslissingsregels met behulp van simulatie. De resultaten 

van deze simulatie tonen aan welke beslissingsregel het beste gebruikt kan worden in welke 

situatie. Bovendien laten de resultaten van deze simulatie zien dat een hoge benutting van de 

capaciteiten het beste bereikt kan worden als de operatiecapaciteit over zoveel dagen in de 
week verdeeld is als mogelijk is. 
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STELLINGEN 

behorende bij het proefschrift 
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van 
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I 

Als een gebruiker de patienten voor opname naar ingreep classificeert en deze classificatie 
gebruikt wordt als invoer voor het door Kusters ontwikkelde voorspelmodel voor de 
beddenbezetting in de toekomst, wordt een grootdeel van de variantie in de bedbezetting, die 
in de praktijk optreedt, verklaard. 

(Dit proefschrift, hoofdstukken 5, 6 en 7) 

II 

Het gebruiken van voorspellingen betreffende de bezetting van capaciteiten in de toekomst, 
bijvoorbeeld op de wijze waarop dit in het beslissingsondersteunende systeem gebeurt, kan 
leiden tot het bereiken van een betere benutting van deze capaciteiten en een hogere 
doorstroomsnelheid van de patienten. 

(Dit proefschrift, hoofdstukken 5 en 7) 

lil 

De opnameplanning op een chirurgische afdeling waar zowel de beddencapaciteit als de 
operatiecapaciteit schaars is kan gemodel1eerd worden als een flowshop waarin meerdere 
producten worden bewerkt en waarin zich geen buffers tussen de opeenvolgende 
bewerkingsstadia bevinden. Deze wijze van modelleren maakt het duidelijk dat in een 
dergelijke situatie capaciteit verloren kan gaan door het optreden van "blocking"-ver

schijnselen. 
(Dit proefschrift, hoofdstuk 3 en hoofdstuk 6) 

IV 

De externe budgetfinanciering sluit niet aan op de wijze waarop de padentenstroom in 
ziekenhuizen beheerst wordt. 

V 

Het feit dat specialisten nog steeds apart betaald worden voor ligdagen, operaties en onderzoe
ken, vormt een blokkade voor het verbeteren van het primaire proces in een ziekenhuis. 



VI 

De huidige Ziekenhuis Infonnatie Systemen bieden weinig ondersteuning aan de planning van 

de operationele activiteiten. 

VII 

Het doorlopen van een promotie-traject kan, als neveneffect, een grote mate van zelf-inzicht 

in de persoonlijkheid van de promovendus opleveren. 

VIII 

Indien ervan uitgegaan wordt dat bijzonder verlof toegekend wordt om iemand de gelegenheid 

te geven aan bijzondere situaties in zijn persoonlijke leven het hoofd te bieden, dan zou het 

bijzonder verlof van de man in verband met de geboorte van zijn kind verlengd moeten 

worden. 

IX 

Softbalteams die geen scheidsrechter beschikbaar stellen, dienen niet toegelaten moeten 

worden tot de competitie. 

x 

De verbouwing van de kantine in het paviljoen heeft de mogelijkheid geschapen tot grotere 

sociale controle tussen de medewerkers onderling. 

XI 

Het feit dat promoveren een traject van vallen en opstaan is en niemand daarbij zo goed 

ondersteuning kan bieden als iemand die hetzelfde traject doorloopt pleit ervoor om twee 

promovendi in een werkruimte onder te brengen. 



XII 

Het woord leesvoer moet bedacht zijn door iemand die kleine kinderen geobserveerd heeft. 

Eindhoven, 21 september 1993. 


