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Management summary 

Ever since government decided that hospitals receive a fixed amount of money for a complete 

treatment trajectory, whereby the hospital is left to decide about how this money is spent and which 

services are offered to the patient (Rijksoverheid, 2007), hospitals have been seeking for ways to 

improve efficiency and become more competitive. Consequently, hospitals are seeking for ways in which 

they can improve efficiency in order to help more patients and make more profit (Lamiri, Xie, Dolgui, & 

Grimaud, 2008). Historically, efficiency gains were primarily achieved through optimization of specific 

resources in the patient chain, especially those that form a bottleneck in the complete process. Recently 

however, there has been increased interest in not only optimizing local resources, but optimizing the 

complete patient process by taking a more holistic view (Vissers & Beech, 2005).  

An interesting case in which a more holistic view is taken is the Rotterdam Eye Hospital (REH), where 

ophthalmologists within the retina specialism can work either in the operating room or on the 

outpatient department.  

Problem definition 

The problem within the retina specialism in the REH is that there is a discrepancy between supply and 

demand. The demand for elective and acute patients is approximately constant during the year (Tee, 

2010), but the capacity is fluctuating during the year, due to holiday periods and conferences. The result 

of this discrepancy is that patients have to wait longer for an operation or consult, that fewer patients 

can have an operation within the given urgency period and that more operations of elective patients are 

postponed. For this reason, this research aims to answer the following research question:  

How does the distribution of ophthalmologist capacity within the retina specialism between the 

outpatient department and the operating room influence the number of patients that can be treated 

within their given urgency? 

Nowadays, the task-scheduling of the ophthalmologists is derived from a fixed Master Planning that is 

used for every week in the year. In this research, it is investigated whether more patients can have an 

operation within the given urgency period when the capacity between the outpatient department and 

the operating rooms is distributed in a different and more flexible way than currently is done. Not only 

the operating rooms are considered, but also the outpatient department, because they are dependent 

on each other. Besides searching to an optimal distribution of the ophthalmologist capacity, also 

different scenarios are worked out to get a better picture of the behavior of the planning system.  

Model and results 

To give an answer to the research question, a Linear Programming model is built that determines the 

distribution of the ophthalmologist capacity between the outpatient department and the operating 

room in such a way that, given different constraints, the number of patients with a delay for operations 

and consults is minimized. The LP-model can prioritize the reduction of delay for either the operation or 

consults using a weighting factor in the model. The LP-problem is implemented in Excel and solved using 
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the built-in Excel Solver that is built to analyze and solve Linear Programming problems. An optimal 

distribution of the ophthalmologist capacity is found with help of the Excel Solver. The optimal 

distribution results in a shorter delay for patients than when the capacity distribution of 2010 is used. If 

the capacity distribution of 2010 was used, the average delay for operations is equal to 2.63 weeks and 

the average delay for consults 2.42 weeks. When the optimal solution of the model is used, the average 

delay becomes equal to 1.43 weeks for operations and 1.99 weeks for consults. This means that another 

distribution of the ophthalmologist capacity between the outpatient department and the operating 

room results in shorter delay times and therefore, more patients can have an operation within the given 

urgency period. It is for the hospital interesting to know that another distribution of the 

ophthalmologists’ capacity results in a shorter delay time for operations and consults.  

However, the optimal solution that is found by the Excel Solver requires much flexibility of the 

ophthalmologists, because their Master Planning changes every week and because the number of 

sessions is non-integer. Besides, in the model it was known in advance what the demand of the whole 

year was and that is in practice not the case. For that reason, different scenarios are worked out to 

better approximate reality and to get a better understanding of the planning and the effects of changing 

some parameters. These scenarios are chosen with help of the specialists of the hospital. The following 

three scenarios are conducted to only investigate the effect of changing some parameters. Not only is it 

for the hospital useful to know how increasing demand or a different distribution of the demand can be 

handled with the current capacity, it is also valuable to know how the demand can be handled if 

more ophthalmologists were hired. The results of these three scenarios are as follows: 

1. If the demand is constant or Poisson distributed the delay time for operations and consults is 

shorter than when the data of 2010 was used. Also random demand, dependent on the scale, 

results in a shorter delay time for operations and consults.  

2. If the demand increases, the delay times for operations and consults also increase. If the demand 

increases with 10%, the delay time for operations increases with 14% and the delay time for 

consults with 57%.  

3. Dependent on the weighting factor, the delay time for consults becomes approximately equal to 

zero after a capacity increase of 20% and the delay time for operations after a capacity increase of 

40%. The occupancy rate for the ophthalmologists is equal to 0.93 when the capacity increases with 

20% and 0.80 when the capacity increases with 40%.  

 

In addition to investigating the effects of changing some parameters, it is also investigated how the 

model behaves when the method of planning is changed. The scenario with the best results is given first 

and the scenario with the worst result last below.  

4. If 0.5 patients more can be seen during an operating session, the delay time for consults decreases 

with 40% and the delay time for operations with 73%. In contrary to having more patients during an 

operating session, having more patients during an outpatient department sessions has no positive 

influence on the delay times, but more patients can have a consult.   

5. If different Master Plannings are used for different parts of the year, the delay times decrease. If for 

example five different Master Plannings are used throughout the year, the delay time for 
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operations decreases with 41.4% and the delay time for consults with 17.4% compared with the 

delay times of the distribution of 2010.  

6. If a different Master Planning is used during the holidays and in the beginning of the year, the delay 

times for operations and consults decrease compared with the 2010-based distribution. When the 

Master Planning is based on the number of absent ophthalmologists, the delay time for consults 

decreases with 31.0% and the delay time for operations decreases with 21.7%. If only during the 

holiday periods a different Master Planning is used, the delay time for consults decreases with 

14.8% and the delay time for operations decreases with 39.2%.  

7. If patients can be operated earlier, the delays time doesn’t decrease. Positively however, the total 

waiting time is shorter in this case. This means that patients can have an operation earlier. The total 

waiting time for operations decreases with 2.7% when elective patients can be operated earlier and 

decreases with 23.7% when urgency semi-acute patients can be operated earlier.  

8. It is also possible to decide only at the beginning of every week how the capacity of that week 

should be distributed between the operating and outpatient department. In that case the demand 

for any week must be estimated at the start of that week. If this scenario is used, the delay time for 

operations decreases with 38.0% and the delay time for consults decreases with 3.7% compared to 

the distribution used in 2010.  

9. Changing some operating sessions into outpatient department or vice versa when the numbers of 

patients that have a delay for operation or consults reach a certain limit will result in shorter delay 

times for operations or consults, depending on the priority that is given to operations or consults.   

Recommendations and further research  

It can be concluded that the delay times for consults and operations can indeed decrease, using a 

multitude of different ways. The recommendations for the hospital on the short-term are:  

- Increase the number of patients per operating session (scenario 4). The delay times for consults and 

operations strongly decrease when 0.5 extra patients are planned for any operating sessions of half a 

day.  

- Make use of a Master Planning Cycle (scenario 5 and 6). If different Master Plannings are used 

throughout the year, the delay times decrease.  

- Change the term in which patients are scheduled (scenario 7): it is advised to the hospital to plan 

patients with urgency 1 in week 0 or 1 (instead of week 1 or 2) and patients with urgency 2 in week 1, 

2, 3, 4 or 5 (instead of week 3, 4, 5 or 6). In this case, more patients can have an operation within 

their urgency level. It must be investigated whether this is possible in the current planning.  

For the long term, it is recommended that the hospital records all the arrivals of patients and their delay 

times. With this new demand pattern and the known delay terms, it could be possible to implement a 

planning system that decides weekly how the capacity of the week has to be distributed between the 

outpatient department and the operating rooms (scenario 8 and 9). Further research must be conducted 

about how the planning system must be developed in practice and how it should move from a 

theoretical model to an implemented planning system. 
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Also further research can be conducted in extending the model. For the model, different assumptions 

are made and the model can be improved and extended when more assumptions are released.  

The case in the REH shows that through a more holistic view the efficiency can indeed be improved; 

another distribution of the limited ophthalmologist capacity between the outpatient department and 

the operating room results in shorter delay times for operations and consults. It is therefore 

recommended to do some further research in which the complete patient process and the 

corresponding resources are considered. In the case of the REH, only the ophthalmologist capacity and 

the patients are considered, but in further research, also other employees and resources can be added 

to the research.  
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Introduction  

For long, hospitals in the Netherlands were paid for the exact care that patients received in the 

hospitals, be it specific treatments or simply having a bed for a certain amount of time. Recently 

however, governments have tried to improve hospital efficiency by paying a fixed amount of money for 

a complete treatment trajectory, whereby the hospital is left to decide about how this money is spent 

and which services are offered to the patient (Rijksoverheid, 2007). Consequently, hospitals have 

become more competitive, and especially with an increasing demand for care, hospitals have been 

seeking for ways in which they can improve efficiency in order to help more patients and make more 

profit (Lamiri, Xie, Dolgui, & Grimaud, 2008).  

Historically, efficiency gains were primarily achieved through optimization of specific resources in the 

patient chain, especially those that form a bottleneck in the complete process (Vissers & Beech, 2005; 

Hopp & Spearman, 2008). Examples include the operating room (Belien, Demeulemeester, & Cardoen, 

2005; Lamiri, Xie, Dolgui, & Grimaud, 2008), the optimization of the patient planning and the reduction 

of waiting lists of outpatient departments (Su & Shih, 2003; Klassen & Rohleder, 1996).  

Recently however, there has been increased interest in not only optimizing local resources, but 

optimizing the complete patient process by taking a more holistic view (Vissers & Beech, 2005). For 

every local problem, it should be taken into account that involved resources can be dependent on 

elements outside of the local scope. For example specialists can work on multiple departments, so that 

with limited availability of time there is always a choice to be made in which department the specialist 

has to work at certain times. 

It is thus useful to investigate how overall hospital efficiency is dependent on how certain resources are 

distributed over different units that are dependent on each other. An interesting case is the Rotterdam 

Eye Hospital (REH), where specialists can work either in the operating room or on the outpatient 

department. More specifically, it is the question how the limited ophthalmologist capacity can best be 

divided between the outpatient department and the operating room, in such a way that as many 

patients as possible can be treated within a so called urgency period. This research will propose a year 

plan for the ophthalmologist capacity that balances the fluctuating availability of ophthalmologists, 

especially during the holidays and absence periods.  

To introduce the research problem in its context, Chapter 1 provides a sketch of the current situation in 

the hospital. This chapter contains a formal description of the REH, as well as a more specific description 

of the studied retina specialism and the process. In Chapter 2 a literature review is given about topics 

related to the problem. Chapter 3 contains the problem analysis and problem definition. To describe 

how the problem will be solved Chapter 4 is devoted to the research design and research method. 

Chapter 5 is about the data collection and subsequent analysis. After the model definition is given and 

the model is validated in Chapter 6, the results of the model are discussed in Chapter 7. Thereafter, 

different scenarios are elaborated in Chapter 8 and at the end, the conclusion and recommendations 

can be found.   
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1. Environment 

In order to help understand the problem definition in its context, this chapter provides a sketch of the 

current situation of the REH. First, descriptions are given of the REH in general and the retina specialism 

in particular. Next, the process of the retina patient is described. Lastly, it is explained how consults and 

operations are scheduled and which factors play a role within the total planning process.  

1.1 Description of Eye Hospital 

The Rotterdam Eye Hospital (REH) was founded in 1874. It is the only independent eye hospital in the 

Netherlands and it is the super specialist for all eye-related issues. The hospital characterizes itself as 

innovative and customizable (Oogzorgnetwerk, 2010). In addition, the REH is called a ‘Center of 

Excellence’ because it provides care, education and research according to the criteria as set by the 

World Association of Eye Hospitals (KiesBeter, 2010), with which the REH is connected  (WAEH, 2008).  

The REH performs four different core functions: patient care, training, education and research. First, the 

patient care contains second line or regular ophthalmic care for the region Rijnmond, third line or top 

clinic care for patients from the whole country and the non-insured care, for example laser treatment. 

Second, the hospital provides specializations for ophthalmologists, training for medical support staff and 

a five-year program for basis doctors to become ophthalmologists. Third, the hospital provides 

education for interns of the Erasmus University and for students that are trained for nurses, medical 

support staff or management functions in the healthcare. Fourth, scientific research is conducted in 

collaboration with the Erasmus University and other institutes and universities in the Netherlands, but 

also from foreign countries (REH, 2009).   

Because there is an increasing demand for ophthalmologists, higher requirement of customers and a 

strong development of competition, the REH have taken the initiative to start the Eye Care Network. The 

Eye Care Network is an intensive cooperation between various providers of eye care. This network 

works successfully; it has reinforced the regional position of the ophthalmologists, increased the quality 

of the care and optimized the conduct of business (Oogzorgnetwerk, 2010).  

Around 350 people are employed in the REH, working in both medical and non-medical functions (REH, 

2009). Each year, approximately 130,000 patients have a consult on the outpatient department and 

11,500 operations are carried out. Most of those operations do not require long-lasting aftercare so that 

the majority of patients (93%) only stays in the hospital for one day. The REH contains different 

specialisms (REH, 2009). This paper investigates the retina specialism because it is especially the retina 

specialism that encounters evident capacity and planning problems (Vliet, 2010). Some practical 

information regarding the retina specialism is provided in the next paragraph.  
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1.2 Explanation about the retina 

Although the focus of this report is not medical, this chapter 

provides some information about the retina.  

Figure 1 shows how the retina is positioned within the eye. Light 

waves from objects in the environment enter the eye through 

the cornea and the pupil determines how much light is entering. 

The lens focuses the incoming light onto the retina, which 

converts the light into an impulse. The impulses leave the eye 

through the optic nerve. The optic nerve brings the signal to the 

brain where the final image is formed (Eysenck & Keane, 2005). 

The retina can be distributed in two parts: the inner part and 

the outer part. The inner part consists of light sensitive cells: the photoreceptors. The functionality of 

the photoreceptors depends on the connection to the retinal pigment epithelium, which is the outer 

part of the retina (Arndt & Arndt, 2009).  

Within the retina specialism, different disorders can be distinguished: retinal detachment, vitreous 

hemorrhage, rear vitreous detachment, vitreous clouding, macular pucker and macular hole. More 

information about these disorders can be found in Appendix 1. A description of these disorders is given 

to get a better picture of the retina specialism. In addition, the different disorders need different 

treatments and these differences must be explicitly considered by the planning of the operating room, 

because they all require a different operating time.  

1.3 Explanation of process  

The focus of this report is on the specialism retina and this chapter focuses on the process of the retina 

patient within this specialism. The process starts when the patient arrives at the REH and ends when the 

patient returns to the ophthalmologist in their own hospital or their general practitioner. This means 

that the general practitioners and the ophthalmologists of the other hospitals are excluded in this 

research.  

Patients can enter the retina process at different places; the retina outpatient department, a general 

outpatient department or the emergency department. A patient arrives with a reference of the general 

practitioner or another hospital (a tertiary reference). If the request of the patient arrives at the retina 

outpatient department, first a consult with the patient is scheduled. This is done per letter. Patients who 

have their first consult or patients who had their last appointment more than two years ago must have 

an eye observation first. This observation is done on the department ‘eye observation’ through a 

technical ophthalmic assistant (TOA) or optician. The patient is not required to schedule for this 

observation, because the department works with a ‘walk-in hour’. After the observation is conducted or 

when no observation was needed, there will be an anamnesis on the outpatient department with an 

ophthalmologist, an assistant or a fellow. During this anamnesis it will be determined whether a 

treatment is needed. If no treatment is needed, the patient is referred back to the general practitioner 

Figure 1: Retina (myDr, 2003) 
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or to their own ophthalmologist and the patient can later make a new appointment on the outpatient 

department. If a patient makes such a new appointment he is considered as a control patient and not as 

a new patient. If further treatment is needed and the anamnesis is performed by the fellow or assistant, 

the ophthalmologist has to confirm the diagnosis and fill in the admission form. If a patient arrives on a 

general outpatient department, he will be referred to the retina outpatient department.  

The patient with the confirmed diagnosis goes to de department ‘intake and screening’. The intake and 

screening are performed by an intake-nurse. This nurse can request for some additional tests, like an 

ECG or an OCT. After the intake and screening, there will be another screening by an anesthesiologist. By 

this screening, the patient gets an ASA-score; the urgency level. The anesthesiologist can also request 

for some additional tests. The anesthesiologist determines whether there is a need for a screening by an 

internist. If the anamnesis was not performed by the ophthalmologist who will conduct the operation, 

there will be also a screening by the operating ophthalmologist. It is attempted to conduct all screenings 

and additional tests on the same day as the anamnesis. The screening by the operator is often executed 

on the day of the operation. If the patient is screened and has received an urgency level, the operation 

will be scheduled through the scheduling department. This department receives the admission form and 

schedules the patient accordingly. For high urgency levels, the patient is immediately scheduled, but 

when the urgency level is low, this can be postponed to later. On the scheduled day, the patient has to 

check-in at the nursing department from which the surgery will be executed.  

Patients that arrive at the emergency department will be assessed through an assistant. If the assistant 

expects that an operation must be performed, he takes the patient to the outpatient department. At the 

outpatient department the patients is seen by a retina ophthalmologist. If it is decided that the patient 

must be operated on the same day, there will be a call with the scheduling department about the 

operating options of that day. The ophthalmologist and possibly the assistant fill in the admission form 

and the patient goes to de department ‘intake and screening’ for an intake and a medical questionnaire, 

as described in the previous paragraph. After the intake, the patient will be screened by the 

anesthesiologist and in some cases additional researches take place. If the patient is to be operated on 

the same day, the patient is admitted to the ward after the screenings. The emergency patients that will 

be treated on another day have to make an appointment at the scheduling department.   

When the patient has checked in at the nursing department, the patient waits until he can be operated. 

If so, the patient is called and brought to the recovery room. In the recovery room, the patient is 

prepared for the operation. The operation takes place in the operating room and the following persons 

are present: the operating ophthalmologist, a surgery assistant, an anesthesiologist, an anesthesiology 

assistant and two persons that control the instruments and the whole operation setting. After the 

operation, the patient can go home or in some cases the patient has to wait until the anesthesia wears 

off.  
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The day after the operation, there will be a control consult by the ophthalmologist that had operated 

the patient. After two and six weeks respectively there will be other control consults. If the patient is 

diagnosed to be sufficiently recovered to not require another consult, the patient leaves the system.  

A visualization of this process can be found in Figure 2.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2: Retina process 
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1.4 Planning  

To properly understand the process that is described in the previous section, it is also necessary to 

understand the way of planning in the REH. This chapter provides a general overview, divided in two 

parts. First, it is described how the ophthalmologists are scheduled. Second, the planning rules of the 

outpatient department and operating rooms are explained.  

1.4.1 Master Planning 

The task-scheduling of the ophthalmologists is decided upon a fixed Master Planning, which can be 

found in Table 1.  

Table 1: Master Planning as used since February 2011 (Kerklaan, 2011) 

       Ophthalmologist 

    

Day session 

A B C D E 

Monday  Morning OR/LASER OR RETI ASV 

/ LASER 

RETI/ reserve 

OR 

RETI/LASER 

 Afternoon OR OR RETI RETI/ reserve 

OR /LASER 

RETI ASV 

Tuesday Morning RETI RETI/ LASER 

ASV (2:1) 

OR RETI/ reserve 

OR 

OR 

 Afternoon RETI ASV RETI SV 

RETP 

OR RETI/ reserve 

OR 

OR 

Wednesday Morning - OR - GOS/ reserve 

OR 

RETI ASV 

 Afternoon RETI SV ASV OR - GOS/ reserve 

OR 

RETI SV 

RETP 

Thursday Morning OR RETI RETI ASV OR - 

 Afternoon OR RETI RETI ASV OR - 

Friday Morning - - OR ASV / 

LASER 

GOS/ reserve 

OR 

OR 

 Afternoon LASER ASV - OR - OR 

The ophthalmologists can be scheduled for the retina outpatient department (RETI), operating room 

(OR), laser treatment (LASER), retina post (RETP) and for a general ophthalmic session (GOS). 

RETI/LASER (2:1) means that in the even weeks the ophthalmologist has RETI and in the odd weeks 

LASER. The gray boxes in Table 1 mean that the specialists have one laser session in every three weeks. 

(A)SV means that the specialist has supervision on the outpatient department; the assistants and fellows 

can ask the specialist for supervision if there are some uncertainties. If a specialist has supervision, he 

can see fewer patients in a session than he usually would. RETP means that the ophthalmologist has 

supervision on the retina post. At the retina post, only those patients are seen that come for yearly 

control consults. GOS means that an ophthalmologist has a general ophthalmic session. At this session 

patients from different specialisms can be seen. 
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This planning is very strict and used for each week of the year. There is not much flexibility in the Master 

Planning, because the operating rooms are shared with other specialisms and each specialism is 

allocated distinct operating room sessions. Only if an ophthalmologist is unavailable through for 

example a holiday, it is allowed that another ophthalmologist does the operating session. All in all, the 

Master Planning makes it possible to know long in advance what which ophthalmologist is going to do 

on which day session. However, patients are planned at most four or five weeks in advance.   

1.4.2 Planning rules for the outpatient department 

The requests for the outpatient department can arrive in different ways; patients can send a letter with 

a reference from their general practitioner; ophthalmologists from other hospitals can request per 

phone, mail or letter; the program of the operating rooms shows which patients need control consults 

and the SEH can yield requests for anamnesis of acute patients. Therefore, four different kinds of 

patients arrive at the outpatient department: new patients, patients with a tertiary reference, control 

patients and acute patients. In the planning, different places are reserved for the different kinds of 

patients. With the exception of rare cases, it is not possible to put a patient on another place in the 

planning. It is tried to plan four or five weeks in advance. This means that patients with an urgency level 

smaller than approximately five weeks can be scheduled immediately and that other patients are 

scheduled at a later time, because their urgency falls outside the planning scope (Waal, 2011).   

At each day there can be two outpatient department sessions. The morning sessions are from 8:30 to 

11:30 and the afternoon sessions from 13:30 to 16:30. Each consult takes ten minutes. Two patients are 

scheduled at both 8:30 and 13:30 after which one patient is scheduled for approximately every ten 

minutes. It is different per ophthalmologist how many patients can exactly be planned in a session. For 

some ophthalmologists this is equal to 18 and for others 20. There are also some assistants that can see 

patients on the outpatient department. For a session of an assistant, mostly six patients can be planned 

(Waal, 2011).   

Patients that come for the first control consult, have to arrive at 11:30 at the day after the operation. 

They first get some information from a nurse and after which they are seen by the ophthalmologist. This 

takes only a few minutes and therefore the patients are not scheduled for this control consult (Waal, 

2011).  

It is not exactly known what the no-show percentage of the outpatient department is. In some sessions 

all patients arrive, but there are also sessions where two, three or four patients do not arrive (Waal, 

2011). Chapter 5 elaborates more on the no-show percentage. 

1.4.3 Planning rules for the operating rooms 

The admission forms that are filled in it at the outpatient department are going to the scheduling 

department. This form contains the following information; diagnosis, kind of operation, duration of the 

operation, the operating ophthalmologist and the urgency level. The scheduling department has to 

schedule the patient according to this information. For each kind of operation, a different time is 
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reserved. The operating times can be found in Appendix 2. These operating times also include the time 

that is needed to change the setting of the operating room between two operations (Langstraat, 2011).   

Operations are carried out between 8:00 and 17:00. There is a morning and an afternoon session and at 

each session approximately three operations can be carried out. On Monday, Tuesday, Thursday and 

Friday there are four operating sessions of half a day and on Wednesday there are two sessions. Since 

February 2011, there are two different operating sessions within the retina specialism; an acute session 

and an elective session. Patients that must be treated within 24 hours (urgency level A), within one 

week (urgency level B1), within two weeks (urgency level B2) and within three weeks (urgency level B3) 

can be planned on the acute session and the patient that must be treated within more than three weeks 

can be planned on the elective sessions. Patients with urgency A, B1, B2 or B3 are scheduled 

immediately and as previously explained; patients outside the planning scope of five weeks are put on 

the waiting list and scheduled later (Langstraat, 2011).  

If the acute session for a specific day is empty or if only a few patients are scheduled, some elective 

patients can be placed in this session. This should be discussed with the ophthalmologist, because it is 

possible that there still arrive many acute patients on that day and in that case, the ophthalmologist has 

to work longer or some elective patients must be postponed. Patients can be postponed at most once, 

but in some exceptional cases it happens twice (Langstraat, 2011).  

The no-show percentage is approximately three patients per month. If a patient does not arrive, it is 

checked whether the patient had received the correct information. If the patient received the correct 

information, the patient has to make a new appointment himself. In the other case, there is made a 

mistake by the hospital and therefore, the scheduling department makes a new appointment with the 

patient (Langstraat, 2011). 

All in all, the planning process in the REH is strict and transparent. It is well known which specialists work 

when and there are clear rules regarding the planning in both the outpatient department and the 

operating room. Still, some evident problems will be identified later in this report. Using knowledge on 

how the current planning works, it is possible to identify weaknesses and to improve those weaknesses 

in order to solve the apparent problems (Langstraat, 2011). 
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2. Literature review  

Before the problem is analyzed and described, some literature is given. This literature provides some 

background information about the healthcare environment and about topics that are related to the 

capacity planning problem in the REH. The information will help  to better understand the problem and 

the context of the problem. At first, different views about levels of planning are given. Thereafter, 

information is given about resources and how they can be classified. Also some information is given 

about patient classification and different planning methods that can be used for the planning in 

hospitals are discussed. At the end, some information is given about issues specific for the healthcare.  

2.1 Level of planning 

If there are some planning problems, it is important to investigate on which level the planning problem 

occurs. This is because at each level, a different approach has to be used.  Vissers & Beech (2005) the 

have developed a conceptual framework for positioning health operation management theories and 

techniques. This conceptual framework contains the following five levels (Vissers & Beech, 2005): 

1. Strategic planning: this is the long-term vision of the hospital. At this level several strategic decisions 

must be made; the vision of the hospital, the service that the hospital wants to provide, the market 

where the hospital will operate in and the annual patient volumes that the hospital wants to achieve.   

2. Patient volume planning and control: at this level it is decided what the best way is to transform the 

input into output. A decision must be made about the number of resources that must be available to 

realize the annual patient volume determined at the first level. 

3. Resources planning and control: at this level more insight is needed about the detailed numbers of 

specialists per patientgroup per period. The resources must be allocated between the different 

patientgroups. In mostly all hospitals, this is done only once or a few times a year.     

4. Patient group planning and control: at this level decisions are made about the urgency and service 

level of the different groups and about the planning guidelines for the different groups.  

5. Patient planning and control: this is the scheduling of the individual patient according to the 

guidelines of the fourth level.  

Each level in de framework needs horizontal controls to match the patient flows with the resources and 

vertical control to set the targets for the lower levels (Vissers & Beech, 2005).Before a solution for the 

planning problem can be searched, it is important to investigate at which level the planning problem 

occurs. If this delineation isn’t made, the problem can become too complex. If for example a planning 

problem is positioned on the third and fourth level of the framework of Vissers & Beech (2005), 

decisions on the first two levels are already made. For this reason, the information of the first levels can 

considered as fixed information and this makes the problem less complex.  

2.2 Resource classification 

By the planning in hospitals, many resources must be taken into account. It is important to know what 

kind of resource each involved resource is, if it must be shared with other resources and how many 

capacity of each resource is available. According to Vissers & Beech (2005) resources can be defined as 

‘objects that are used in the production process, but that are not transformed or consumed by 
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production’ (Vissers & Beech, 2005. p. 51). Examples of resources in hospitals are the operating rooms, 

the surgeons and beds. Resources can be classified in different ways, which is shown below:  

- Dedicated and shared resources: dedicated resources are resources that are only used by one patient 

group and shared resources are resources that are also used by other patient groups.  

- Leading and following resources: a resource can be seen as a leading resource when it is the trigger 

for the use of other resources, the following resources.  

- Bottleneck resources: the resource that is the scarcest. Because it is the scarcest, it determines the 

number of products that can be produced or the number of patients that can be treated.  

- Continuous and intermittently available resources: continuous resources are continuously available 

and intermittently available resources are only available during specified periods.  

So, resources can be classified in different ways. Classifying resources can give a better picture of the 

problem and it is helpful in finding a solution. Besides the classification of resources, also the capacity of 

each resource should be taken into consideration. Capacity can be displayed in different ways and it is 

important to consider this to avoid confusion. According to Vissers & Beech (2005) capacity of resources 

can be distinguished in the following types of capacity: 

- Potential capacity: this is the total number of resources that the hospital holds.  

- Available capacity: this is the amount of capacity that is available for production. It can be the case 

that for example one of the operating rooms cannot be used for some reasons.  

- Usable capacity: the total amount of capacity that is normally available. This amount is used to make 

calculations and to make the planning.  

- Utilized capacity: the total amount of capacity that is really used.   

- Productive capacity: a part of the utilized capacity is used for non-productive purposes, for example 

changing and cleaning the operating rooms (Kusters & Groot, 1996). Productivity capacity is the 

amount of capacity that is really used for production (Vissers & Beech, 2005).  

It is important to determine which kinds of resources are involved in the planning problem and what 

kind of capacity is used. The most important properties of the resources that must be considered are 

their availability, utilization and dependency. The planning problem of the REH has to do with different 

resources like operating rooms and ophthalmologists. Classifying the resources can give a better picture 

of the planning problem and the solutions that are possible. Besides, it makes the problem less complex 

because some resources can be ignored.    

2.3. Patients 

2.3.1 Acute and elective patients 

In literature, mostly two kinds of patients are considered; acute and elective patients. For the elective 

patients, it is possible to plan them in advance and to put them on a waiting list, but for the acute 

patients the operation is unexpected and has to be performed urgently (Lamiri, Grimaud, & Xie, 2009; 

Cardoen, Demeulemeester, & Beliën, 2010). Both acute and elective patients make use of the operating 

room, but they have both their own requirements. The planning for the operating room has to consider 

the uncertainty of the demand of acute patients. If this isn’t done operations will be delayed, operations 
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for elective patients will be postponed, there will be overutilization of the operating room and there will 

be a decrease in the quality of service (Lamiri, Grimaud, & Xie, 2009).  

2.3.2 Group classification 

Patients are classified in groups for example to make the planning of patients less complex. For the 

planning on the highest levels of the frameworks given in the first chapter, it is important that there are 

made different patientgroups, so that resources can be allocated to the groups. According to Vissers & 

Beech (2005), the way in which patients are classified depends on the purpose for which the 

classification is used. The groups that are made have to facilitate the design, planning and control of the 

processes (Vissers & Beech, 2005).  

2.4 Planning methods  

The processes that take place in hospitals are more complex than the processes in many other types of 

organizations. This makes it more difficult to apply operation management techniques and methods to 

hospitals (Vissers & Beech, 2005). Although most techniques cannot be replicated to the hospitals, the 

underlying principles can be applied successfully to hospitals (Vries & Tuijl, 2006). Some of the 

management techniques that can be used for the planning in hospitals are discussed in this chapter.   

2.4.1 Push and pull planning 

Processes and supply chains can be classified as push or pull systems. A pull system is also called a ‘make 

to order system’ and a push system a ‘make to stock system’. According to Poole, Hinton & Kraebber 

(2010) hospitals mostly use push systems for supplies. That patients are pushed into the system can be 

seen on the large number of patients that are on the waiting lists (Poole, Hinton, & Kraebber, 2010). The 

amount of resources determined how many patients can be treated. So, there is a capacity and the 

demand must conform to this. Push systems often cause bottlenecks in patient flows, like waiting times 

between the appointment on the outpatient department and the operation. Therefore, it is also 

interesting for hospitals to make use of pull systems. In a pull system, the demand determines how the 

capacity is used. So, if many patients need an operation, more specialists have to work in the operating 

rooms and when many new patients arrive, specialists must make more hours on the outpatient 

department. However, it is impossible to make the processes in hospitals completely pull processes, 

because there is much uncertainty and variance in the processes in hospitals and because of the scarcity 

of resources (Rouppe van der Voort, 2009).  

2.4.2 Cyclic scheduling  

For operating rooms, there are often unbalanced schedules. These schedules result in fluctuating bed 

occupancy on for example the surgical ward (Oostrum, Houdenhoven, Hurink, Hans, Wullink, & 

Kazemier, 2008; Belien, Demeulemeester, & Cardoen, 2005). To decrease the fluctuating demand, 

Oostrum et al. (2008) propose a cyclic operating room schedule, which is also called Master Surgical 

Schedules (MSS). A MSS consists of schedules that are cyclically executed in a given period. The master 

schedule is mostly based on the number of surgeries that is expected in the planning period. This makes 

that there is enough capacity to handle the demand (Vissers, Adan, & Dekkers, 2005). According to Blake 

& Donald (2002) the MSS is a tool that can be used to respond to capacity constraint on the short-term 
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and medium-term and to shortages of surgeons and anesthetists for example during the holidays. For 

this reason, three or four different schedules can be made for each year (Blake & Donald, 2002). 

2.5 Hospitals 

Below some specific information about ophthalmic departments is given. Thereafter, information is 

given about other departments and resources that play an important role in the planning. 

2.5.1 Ophthalmic department 

Not much information is found about the planning of ophthalmic departments. Some information is 

found about ophthalmology in terms of planning in the article of Czuber-Dochan, Waterman & 

Waterman (2006). They investigate trends in ophthalmic services and barriers to the education of 

nurses. They write that changes for ophthalmology nurses in the UK are most visible in the growing 

number of ophthalmic patients that is treated as a day case (Czuber-Dochan, Waterman, & Waterman, 

2006). Day surgery gets more attention when activity based financing in healthcare was introduced. 

Activity based financing means that the costs will be lowered when patients stay shorter in the hospital. 

If day surgeries are performed, the length of stay is very low and therefore the costs will decrease 

(Martinussen & Midttun, 2004). The use of day surgeries is not only beneficial in terms of costs, it is also 

stated that day surgery involves lighter narcosis and that therefore the patient is less traumatizing, that 

the treatment time is shorter and the recovery of the patient faster (Martinussen & Midttun, 2004). 

According to Westman, Ultenius & Ekblom (1996) day surgeries provide good patient care, low 

complication rates and high patient acceptance of the service. Not every kind of operation can be 

performed as a day surgery, but day surgeries are increasingly possible. This is because treatments 

change and because the further development of medical technologies and medicines (Martinussen & 

Midttun, 2004). 

2.5.3 Other resources 

Resources that mostly are included in patient processes are: 

- The outpatient department: focuses on research and outpatient treatment diseases for which the 

general practitioner didn’t have the necessary knowledge and resources and it does the revision of 

the patients who had an operation in the hospital (Boot & Knapen, 2005).  

- Operating rooms: the most critical and expensive resource, because they need expensive equipment 

and material (Vissers & Beech, 2005). The availability of the operating room depends on the 

availability of many other resources; the specialist, the nurses, an anesthetist etc.  

- Diagnostic Department: performs additional researches, for example X-rays.   

Final word 

In this literature review different topics that are related to the planning problem of the REH are 

discussed. The purpose of this literature research is to give an overview of the elements that are related 

to the planning problem. Information regarding the planning of ophthalmic departments is 

underrepresented in the overall planning literature. This makes it especially interesting to investigate 

the planning related problems within the REH.    
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3. Problem definition 

This chapter identifies problems with the current planning system

general data that illustrates a discrepa

how this situation is a problem, and how it can be solved by answering the research question of this 

research. 

3.1 Problem analysis 

Within the group of retina patients three types of patient

elective patients. In most hospitals, the semi

patient that needs an operation receives an urgency level. The urgency level is

the patient must be treated. In most hospitals

an acute patient in the REH must be treated within 24 hours. Semi

level of one or two weeks and elective patients are pati

they can, depending on their condition

acute patients have priority over elective patients

postponed because an acute patient must be treated. 

On the supply side there is a fluctuation in capacity. During the months April

December many ophthalmologists have holidays and conferences.

ophthalmologists is that the retina group uses only 72% of the assigned operating room capacity and 

70% of the assigned outpatient department

use the operating rooms 18 sessions

week were really used in 2010. It can be seen that during the holidays 

around the feast days (week 19, week 51 and 52) 

other periods.  

Figure 3: Number of used operating session

0

5

10

15

20

25

1 3 5 7 9 11 13 15

A
m

o
u

n
t 

o
f 

o
p

e
ra

ti
n

g
 s

e
ss

io
n

s

Amount of used operating sessions per week

A.C. van Ruitenburg 

This chapter identifies problems with the current planning system in the REH. A first section will provide 

general data that illustrates a discrepant situation within the REH. The second section will then explain 

and how it can be solved by answering the research question of this 

Within the group of retina patients three types of patients can be distinguished; acute

In most hospitals, the semi-acute patients are considered as elective patients. 

patient that needs an operation receives an urgency level. The urgency level is the time period within 

patient must be treated. In most hospitals, acute patients must be treated within a few hours

an acute patient in the REH must be treated within 24 hours. Semi-acute patients receive an urgency 

and elective patients are patients that can be scheduled on the long term and 

depending on their condition, receive different urgency levels (Vliet. 2010)

acute patients have priority over elective patients, which means than in some cases elective patients are

postponed because an acute patient must be treated.   

On the supply side there is a fluctuation in capacity. During the months April, 

December many ophthalmologists have holidays and conferences. The result of the absence of 

ts is that the retina group uses only 72% of the assigned operating room capacity and 

outpatient department capacity per year. At each week, the retina specialism 

rating rooms 18 sessions of half a day. Figure 3 shows how many operating session

e really used in 2010. It can be seen that during the holidays (week 28 until week 32) and 

week 51 and 52) fewer operating sessions are used than

operating sessions in 2010 per week (Kerklaan, 2010) 
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As a result of the absence of ophthalmologists, fewer patients can have an operation during these 

months (as can be seen in Figure 4). Because acute patients have priority over elective patients, the 

former are helped first. Therefore, the throughput time of acute patients stays approximately constant, 

but elective patients are severely affected; the waiting time for operations for elective patients 

increases and the number of elective patients that is postponed for an operation increases. As a result, 

fewer patients can have an operation within the given urgency period (Vliet, 2010).  

 
Figure 4: Number of operations per day (Vliet, 2010)  

During the absence periods, not only fewer patients can have an operation, also fewer patients can have 

a consult on the outpatient department, which can be seen in Figure 5. It can be said that there is a 

significant relation between the available outpatient department capacity and the arrival rate of elective 

patients on the operating rooms and a small significant relation between the available outpatient 

department capacity and the inflow of semi-acute patients on the operating rooms. Additionally, there 

is a significant relation between the available operating room capacity and the waiting time for elective 

patients and a small significant relation between the waiting time for semi-acute patients and the 

operating room capacity (Vliet, 2010).  

 
Figure 5: Number of treated outpatient department patients per day (Vliet, 2010) 
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3.2 Problem definition 

In the previous section it is shown that there is a discrepancy between supply and demand. The demand 

for elective and (semi) acute patients is rather constant during the year while capacity is fluctuating 

during the year and therefore fewer patients can be treated during the periods with low capacity. The 

result of the low capacity during some months is that elective patients have to wait longer for an 

operation or consult, that fewer patients can have an operation within the given urgency period and 

that more operations of elective patients are postponed. To search for a solution of this problem, the 

following question will be answered in this research: 

How does the distribution of ophthalmologist capacity within the retina specialism between the 

outpatient department and the operating room influence the number of patients that can be treated 

within their given urgency? 

It will be investigated whether more patients can have an operation within the given urgency period 

when the capacity between the outpatient department and the operating rooms is distributed in a 

different way than currently is done.  

In this research, not only the operating rooms are considered, but also the outpatient department. This 

is because the ophthalmologists can have an operating session or an outpatient department session. If 

the ophthalmologists perform more operating sessions than normally is done, less outpatient 

department sessions can be performed and this results in a longer waiting time for the outpatient 

department. So, there is a relation between the waiting time for consults and the waiting time for 

operations. Therefore, a distribution of the ophthalmologist capacity between the outpatient 

department and the operating room must be searched that not only increase the number of patients 

that have an operation within their urgency, but that also consider the waiting time for consults on the 

outpatient department.  

The result of this research will be a tactical plan for one year that takes the fluctuating availability of 

ophthalmologists into account. How this tactical plan will be developed, is explained in the next chapter.  
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4. Research design 

The purpose of this research is to answer the research question that has been given in the previous 

section. The hypothesis is that when the ophthalmologist capacity is distributed in another way between 

the operating rooms and the outpatient department, especially during the summer holiday and absence 

periods, more patients can be treated within the given urgency period and therefore, the waiting time is 

shorter. This chapter describes the research strategy that is used to test the above hypothesis. First, the 

patient process and planning are delineated so that it is known which elements are taken into 

consideration and which not. After that, the research design is given. 

4.1 Delineation 

There are many factors that play a role in the retina process. Because not all factors can be involved and 

not all factors have a significant impact, the process is delineated in this chapter. In Chapter 2 it is told 

that it must be investigated at which level a planning problem occurs, so that the issues of the other 

levels can be ignored and the problem becomes less complex. The problem that is described in the 

previous chapter occurs on the third and fourth level of the framework of Vissers & Beech (2005). This 

means that the information of level one, two and five is ignored; the long term vision, the decisions 

about the number of resources and the planning of the individual patients are outside the scope of this 

research. In Chapter 1 the process of the retina patients is shown. This process is very detailed and 

therefore the process is delineated. In Figure 6 the simplified process of the retina patients can be 

found. In the following sections, an explanation of the delineation can be found.    

 
Figure 6: Simplified process of retina patients 

4.1.1 Planning 

Patients that must be operated need screenings and sometimes additional tests. These screenings and 

tests are mostly done on the same day as the consult. Because the operation for elective patients is not 

scheduled on the same day as the consult on the outpatient department and because the screenings 

and tests are not performed by ophthalmologists, they are no limiting factor in the planning of the 
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operations of elective patients. For that reason, the screenings and additional tests are not considered 

in the model. 

During the operation, different employees are present. It is possible that an operation cannot take 

place, because one of the employees is not available. Before the model is built, it will be investigated 

how often this is the case. Once that is known, it can be decided if the absence of employees should be 

taken into account by the planning of the operations. If it should be taken into account, it is possible to 

assume that a specific percentage of the operations cannot take place, due to the absence of 

employees. This can be combined with the no-show percentage.  

Some patients have to go to the nursing department after the operation. It is therefore important that 

there is a bed available. If this is not the case, the patient has to wait in the operating room until a bed is 

available. Because the beds are mostly no limiting factor, it is assumed that there are always enough 

beds available and therefore the number of beds on the nursing department is not taken into account 

by the planning.  

After the operation, the patients need different control consults. It is assumed that a control consult is 

needed after two weeks and after six weeks. In a previous section, it is described that it is different per 

ophthalmologist how many patients can exactly be planned in a session on the outpatient department. 

For the model the average number of patients that can be seen by an ophthalmologist per session will 

be considered. The number of control consults and the average number of patients that can be seen per 

operating session are calculated in the next chapter.  

4.1.2 Ophthalmologist capacity 

In addition to the operating room and the outpatient department, the ophthalmologist can also be 

scheduled for the laser, retina post and a general ophthalmic session as can be seen in the Master 

Planning (Table 1). The laser session and the general ophthalmic sessions will not be taken into account, 

because they play no role for the planning of the outpatient department and the operating room and 

they have no influence on the patient demand for the outpatient department and operating rooms. A 

reservation will be made for some ophthalmologist capacity for the laser and general ophthalmic 

sessions.  

Some patients have to come back for a yearly control consult. These consults can be done on the retina 

post. At the retina post, a TOA does some control consults with supervision of an ophthalmologist. In the 

model, a certain number of retina post sessions per week will be considered and also a fixed number of 

patients can be seen during these sessions.   

Additionally, an ophthalmologist can have supervision on the outpatient department. This means that 

the ophthalmologist can see fewer patients himself, but that extra patients are seen by an assistant. 

Together, they can see more patients than during a normal session. For this reason, the assistant 

capacity will also be considered by the model.  
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It can be concluded that the ophthalmologist capacity can be divided in laser treatment, general 

ophthalmic sessions, outpatient department sessions and operating sessions. The first two kinds of 

capacities are fixed per week and they will be subtracted from the total available capacity. The 

remaining capacity can be distributed between the outpatient department and the operating rooms. 

Every week a fixed number of retina patients can be seen on the general ophthalmic sessions and the 

retina post.  

4.2 Research design 

Testing the hypothesis will take place at a tactical level. At the tactical level, a plan will be created that 

ensures that as many as possible patients can be treated within the given urgency period, considering 

the fluctuating availability of ophthalmologists, especially during the holidays and absence periods. On 

this level it is decided how the ophthalmologist capacity can best be distributed between the operating 

room and the outpatient department. This will be done with Linear Programming (LP). The result of the 

LP-algorithm is a tactical plan that consists of an optimal distribution of the ophthalmologists between 

the outpatient department and the operating room for each week of the year such that most patients 

can be treated within their urgency level. In other words, the LP-model minimizes the delay time for 

consults and operations. The delay time is equal to the time that a patient must wait longer than usual. 

A visualization of the waiting time and the delay time can be found in Figure 7. 

 

 
Figure 7: Waiting time and delay time 

In Figure 7 it can be seen that when it is decided that a patient needs an operation, the patient gets an 

urgency period in which the operation must be conducted. The time between the decision and the week 

that the operation must be conducted is defined as the waiting time. If the patient can’t be operated in 

week x, the patient must wait longer. The time that a patient has to wait longer than week x, is equal to 

the delay time. The delay time falls outside the urgency period of the patient. Not only is the delay time 

for operations considered, but also the delay time for consults. With a weighting factor it can be decided 

which delay time gets priority.  

The model that is made on a tactical level will be used to work out different scenarios. It will be 

investigated how the model behaves when for example capacity and demand is changed or when other 

planning rules are used than in the current situation. This will give a better understanding of the 

planning problem and the possible solutions and improvements.  
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5. Data analysis 

This chapter contains the analysis of the data that is needed as an input for the model. First the capacity 

of the ophthalmologists of 2010 is given. Next, it is shown what number of patients can be seen during 

each session of the ophthalmologists. Last, the patient demand of 2010 is given.  

5.1 Ophthalmologist capacity  

The task-scheduling of the ophthalmologists is decided upon a fixed Master Planning, which can be 

found in Table 1. In the week schedules of 2010 it can be seen when which ophthalmologist was 

available. The aggregate time period is four weeks. Table 2 shows the availability of the 

ophthalmologists, assistants and fellows in 2010 on each time period. Additionally, it shows how many 

retina post, laser and general ophthalmic sessions have been carried out in 2010.  

Table 2: Ophthalmologist capacity 2010 

Week A B C D E Total Laser GOS Total 

capacity 

available 

for 

RETI/OR 

Super

vision 

Retina 

post 

Assis- 

tant 

1-4 32 32 32 40 31 159 8 10 141 34 8 20 

5-8 21 24 32 35 30 139 6 7.5 125.5 30 5 9 

9-12 18 30 22 30 22 124 4 5 115 30 8 6 

13-16 29 24 28 36 30 143 10 12.5 120.5 28 5 12 

17-20 18 22 16 24 17 105 4 5 96 23 4 10 

21-24 24 27 29 33 22 134 5 6.25 122.75 32 7 5 

25-28 20.5 34 12 32 32 130.5 6 7.5 117 24 8 8 

29-32 25 0 13 20 24 94 3 3.75 87.25 21 5 15 

33-36 29 32 31 38 26 150 6 7.5 136.5 34 8 20 

37-40 31 22 25 32 22 132 7 8.75 116.25 25 5 16 

41-44 21 25 27 35 14 122 4 3 115 25 4 9 

45-48 23 30 32 36 28 149 6 11 132 27 7 16 

40-52 28 23 20 26 30 127 6 6 115 35 8 14 

Total 319.5 325 319 417 328 1708.5 75 93.75 1539.75 368 83.58 160 

With regard to Table 2, some important issues need to be discussed. First, ophthalmologist D was hired 

in period 11 and therefore only available in the last three periods. Because in the future ophthalmologist 

D will be available in all periods, the average availability of ophthalmologist D of the last three periods 

(32 sessions per period) is used to calculate the number of sessions in the first ten periods of the model. 

This is done by using the ratio of the number of sessions per period of the other ophthalmologists. 

Because ophthalmologist D is the only ophthalmologist that performs general ophthalmic sessions, only 

some general ophthalmic sessions are done in the last three weeks. For this kind of session, also the 
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average number of sessions per period is used to calculate the number of sessions in the other periods. 

Second, in the first nine periods of 2010 there was another ophthalmologist available. Because he had 

left the hospital, his capacity will not be considered for the model. Third, because the retina post is 

introduced at the end of 2009, the first 24 weeks of 2010 will not be considered for the model. This is 

because the first 24 weeks of 2010 are not representative for periods of normal functioning. Therefore, 

the number of sessions per period of the last periods is also used for the first periods.  

The total ophthalmologist capacity that is available for the outpatient department and the operating 

room is equal to the total capacity minus the capacity that is needed for the laser treatment and the 

general outpatient department. The capacity per week can be found in Appendix 3.  

5.2 How many patients can be seen during a session  

In the previous chapter it is shown how many sessions each ophthalmologist had in 2010 and what kind 

of sessions. In this chapter, the numbers of patients that were seen during the different kinds of sessions 

in 2010 are shown. Table 3 shows how many patients were scheduled, what the no-show percentage 

was, how many patients really attended their scheduled consult and how the consults were divided 

between the ophthalmologists and assistants. Below, an explanation per session type is given.  

Table 3: Patient per session in 2010 

Type Session Scheduled 

Patients 

No-show Total 

Consults 

Number of 

Sessions  

Retina post 764 65 (8.5%) 699 - 

Outpatient department (Ophthalmologist) 11711 457 (3.9%) 11254 715 

Outpatient department (Assistant) 1138 34 (3.0%) 1104 19 

Total 13613 556 (4.1%) 13057  

Retina post 

In the last 28 weeks of 2010, 401 patients were scheduled for the retina post and 370 actually attended 

the consultation. Totally, there were 45 sessions on the retina post in the last 28 weeks. This means that 

the average number of sessions per period of four weeks is equal to 6.43 sessions. Because of the no-

show percentage (see section 1.4.2), a difference can be made in how many patients were scheduled for 

a session and how many patients attended. On average 401/45 = 8.91 patients were scheduled for a 

session on the retina post and on average 370/45 = 8.22 patients really attended the consults.  

Outpatient department 

Different kinds of retina consults took place on the outpatient department in 2010, which can be found 

in Appendix 4. Because each type of consult on the outpatient department takes ten minutes, no 

distinction will be made between the different types. Appendix 4 shows that there were 12849 planned 

consults on the outpatient department of the specialism retina in 2010. The number of no-show 

patients is equal to 491. This makes that the no-show percentage is equal to 3.8% and that 12358 

patients had a consult. In 2010, there were 214 outpatient department sessions with an assistant and 

714 with an ophthalmologist. The average number of patients that had been scheduled for a session 
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with an assistant is equal to 5.22 patients. The average number of patients per session that was seen by 

an ophthalmologist was 16.48 patients when the ophthalmologist had no supervision and 15.18 patients 

when the ophthalmologist had supervision. This number is lower than the number of patients that had 

been scheduled per session: 17.10 patients when the ophthalmologist had no supervision and 15.75 

when he had supervision.  

Operating room 

In 2010, 2399 operations were carried out within the specialism retina. In Table 4 can be seen that there 

were 763.5 operating sessions of half a day in 2010. How many patients each ophthalmologist had seen 

during a session can also be seen in Table 4. On average, 2.92 patients were scheduled for a session, but 

also some patients are seen outside the sessions, for example on Saturday. Because this group of 

patients must also be considered for the model, they will be added to the patients that were seen during 

a session. This makes that 3.14 can be seen during an operating session. It is not known how many 

operations are cancelled due to the absence of the employees. Consequently, this cannot be taken into 

account. 

Table 4: Number of operations per session per ophthalmologist 

Ophthalmologist Number of operating 

sessions in 2010 

Average number of 

patients per session 

Patients seen outside 

the sessions 

A 164.5 2.83 10 

B 173 2.95 25 

C 162 3.04 31 

D 46 2.46 2 

E 162 2.76 19 

H 56 3.63 80 

Total 763.5 2.92 167 

General ophthalmic session 

Because in 2010 only a few retina patients had a consult during a general ophthalmic session, the 

general ophthalmic session is not considered. Only some ophthalmologist capacity is reserved for this 

kind of session.  

In conclusion for above paragraphs, Table 5 shows all the distinct session-types and the number of 

patients that can be seen and planned per session for every type. 

Table 5: Number of patients per session 

Type session  Number of patients per session Number of patients per session 

(with no show) 

Retina Post 8.91 8.22 

Outpatient Department 17.10 16.48 

Outpatient Department (supervision) 15.75 15.18 

Outpatient Department (assistant) 5.22 5.06 

Operating room 3.14 - 
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For all sessions in Table 5 the average number of patients that was planned per session is considered. 

This means that empty places in the sessions are taken into account. For a session on the outpatient 

department for example maximal 20 patients can be planned (as told in section 1.4.2). In practice not 

always 20 patients are seen per session and therefore the average number of patients that was seen 

during a session on the outpatient department is equal to 17.1 patients per session.  

5.3 Patient demand 

In the previous chapter it has been shown that there were 13613 consults and 2399 operations in 2010. 

It must be considered that the demand for the outpatient department is linked to the operations and 

vice versa. This means that when there are many operations carried out, the demand for the outpatient 

department increases after for example two and six weeks, and that when many outpatient sessions are 

performed, this will result in a certain number of operations after a certain time.  

The model is based on data from 2010. When the system for 2010 is isolated, the demand in 2010 can 

still be the result of actions in 2009. Consequently, a patient in 2010 can need an operation –resulting 

from a consult in 2009- or can need an outpatient session, be it a first session or a control consult. First, 

it is important to know how many new patients (for 2010) enter the system at which week. This is 

shown in Figure 8 and Appendix 5.  

 
Figure 8: New demand for outpatient department and operating room per week 2010 

Appendix 5 shows that 852 patients had first an operation and 5947 patients had first a consult at the 

outpatient department in 2010. This is called the new demand. For 1741 consults and 163 operations 

the patient had another consult or operation in 2009. This demand is called new repeat demand. The 

new repeat demand is higher in the first weeks than in the last weeks as can be seen in Figure 8. The 

new demand is dependent on when there was place for a consult or operation in 2010 and is not based 

on when a patient really arrives at the hospital. This is because it isn’t recorded when a patient arrives at 

the hospital. Next, this data can be used to illustrate how the different patients flow through the system. 

Figure 9 shows the relation between the outpatient department and the operating room with regard to 
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patients that are already in the system. In this case, it is not needed to consider the number of control 

consults, as discussed in 4.1.1. This is because they are included in the percentages in Figure 9.

Outpatient 

Department

Operating 

Room

29.82% 1.50%

3.07%58.14%

95.43%

12.04%

 
Figure 9: Patient process 

The representativeness of the data is checked with help of the chi-square test. Therefore, the following 

formula is used: 

�� � ����� 	 
���
�
�

��
� � � #100� 

��= percentage of the model, 
�= percentage of the validation, # = number of measurement of the 

validation and � = number of observations. With help of the chi-square test, the following hypotheses 

are tested: 

- ��: the data of the model is equal to the data of the validation 

- ��: the data of the model is not equal to the data of the validation �� will be rejected if �� � ����.�� . As usual in the statistics, α = 0.05. In Table 6, the six different routes 

of Figure 9 are given. For each route, the percentage of the model and the percentage of the validation 

are given.   

Table 6: Data of model and validation 

 Model (xi) Validation (Yi) 

Consult � Nothing 29.82% 30.00% 

Consult � Consult 58.14% 57.82% 

Consult � Operation 12.04% 12.18% 

Operation � Nothing 1.50% 1.62% 

Operation � Consult 95.43% 95.03% 

Operation � Operation 3.07% 3.35% 



 

Master Thesis A.C. van Ruitenburg 33 

 

 

With help of the values of Table 6, the chi-square can be calculated: 

�� � �∑ �!"�#"�$#"��� % � � #
���% �  ���&.'��(�.���$(�.�� ) �*'.�+�*,.'��$

*,.'� ) ���.�+���.�'�$
��.�' ) ��.*���.-��$

�.-� )
95.42−95.03295.03)3.07−3.3523.35�4213100  �1.619 

Because n=6 and α = 0.05, ����.��  = 12.6. The null hypothesis is not rejected, because 1.619 ≤ 12.6 and 

therefore, it can be concluded that the data of the model is representative.  

In Chapter 2 it is told that patient groups must be made that facilitate the design of the research (Vissers 

& Beech, 2005). In this research it is only important when a patient needs an operation or consult. For 

that reason, groups for operations and consults are based on the different urgencies that patients 

receive. How many patients fall in each group is decided with average values that are based on the 

history (the data of 2010).  

Table 7 shows what number of patients receives which urgency level for an operation. Urgency 0 means 

that a patient must be treated within 24 hours (acute patient). Urgency 1 means that a patient must be 

treated within two weeks (semi-acute patient); urgency 2 means that a patient must be treated within 

six weeks (elective patient) and urgency 3 means that a patient cannot be operated within 1 month, for 

example due to another operation. Urgency 4 finally indicates that an operation is not explicitly fixed: 

the patient himself gets in touch with the hospital to negotiate an appointment, if he feels the need for 

an operation. In Section 1.4.3 it is told that patients can receive urgency A, B1, B2, etc. These urgencies 

are used on the admissions form, but in the data only the urgencies of Table 7 are used.  

Table 7: Urgencies patient demand 

Urgency Percentage 

0 14.2 

1 80.6 

2 4.9 

3 0.2 

4 0.1 

 
A control consult on the outpatient department after an operation takes places after two weeks. 39.28% 

of the patients need a follow-up consult at the outpatient department. 34% of these patients need the 

consult after four weeks (this is the second control consult after the operation), 37% of the patients 

need the consult between week 1 and week 10, 26% between week 11 and week 31 and 3% between 

week 32 and week 47. For this reason, five different urgency groups for the outpatient department are 

considered.  
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6. Model definition 

The data that is given in the previous chapter is an input for the Linear Programming problem (LP-

problem). In this chapter, the definition of the model can be found. First, the purpose of the model is 

given and thereafter the variables are defined and the assumptions are given. After that, the model with 

the constraints can be found.  

6.1 Linear programming 

The purpose of the model is to allocate the ophthalmologist capacity to the different kind of sessions 

per week in such a way that as many as possible patients have an operation within the given urgency. 

One model that allocates limited resources among competing activities in a best possible way is Linear 

Programming (Hillier & Lieberman, 2005). Linear Programming is a mathematical technique that 

determines the optimal way of achieving the objective in the face of limited resources (Mulholland, 

Abrahamse, & Bah, 2005). An advantage of the Linear Programming model is that constraints can be 

directly incorporated in the model (Silver, Pyke, & Peterson, 1998).  

In this study Linear Programming will be used to determine the distribution of the ophthalmologist 

capacity between the outpatient department and the operating room that will minimize the number of 

patients in the delay list, given different constraints. The Linear Programming model contains different 

elements: the objective function, decisions and constraints (Mulholland, Abrahamse, & Bah, 2005). The 

objective function of the LP-model is to minimize the number of patients that have a delay for an 

operation or consult. Decisions can be made about how the ophthalmologist capacity of each period is 

divided between the operating room and the outpatient department. Before the model is defined, first 

the variables of the model are given.  

6.2 Variables 

In this section the different variables are given. There are variables about time, demand, capacity, 

decisions and results. A list with all variables can be found in Appendix 6.  

Time 

The purpose of the model is to determine the distribution of the ophthalmologist capacity between the 

outpatient department and the operating room that will minimize the number of patients in the delay 

list. For each week, the capacity is distributed between the outpatient department and operating room.  

For that reason, there is a time variable week defined. Per month (period of four weeks) there must be a 

certain number of supervision sessions. Therefore, also the time variable period is defined.  

- 4 = period, t = 1,2,…,13 

- w = week, w = 1,2,…,52 

Demand 

How the capacity is distributed between the outpatient department and the operating room is 

dependent on the demand for operations and consults. The demand can be given in new demand and 

total demand. The new demand consists of the patients that have their first consult or operation in 
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2010. The total demand is the new demand plus the repeat demand. The repeat demand consists of 

patients that had already a consult or operation in 2009, but who have another operation or consult in 

2010 and of patients that need a follow-up consult or operation in 2010.  

- 56768 � new demand at outpatient department in week w 

- 56798 � new demand at operating room in week w 

- 96768 � repeat demand at outpatient department in week w 

- 96798 � repeat demand at operating room in week w 

- :6768 � total demand at outpatient department in week w 

- :6798 � total demand at operating room in week w 

Because it is not always possible to treat all patients in the week that they need an operation or 

consults, a list with delays is defined. The number of patients in the delay list in week w is equal to the 

total demand in week w plus the number of patients that must have an operation or consult in week w-

1, but who have not had minus the number of patients that have a consult or operation in week w.  

- ;768 � total number of patients in the delay list for a consult in week w 

- ;76<,8 � number of patients that is waiting for a consult in week w with urgency p 

- ;798 � total number of patients in the delay list for an operation in week w 

- ;79>,8 � number of patients that is waiting for an operation in week w with urgency u  

Patients that need a consult on the outpatient department receive urgency p. Five urgency categories 

are considered as shown in the previous chapter: 

- 1: first control consult two weeks after the operation;  

- 2: second control consult four weeks after the first control consult; 

- 3: repeat consult within 10 weeks; 

- 4: repeat consult between 11 and 31 weeks; 

- 5: repeat consult between 32 and 47 weeks. 

Patients that need an operation receive urgency u. Three urgency categories are considered, as shown 

in the chapter assumptions. The values for the variables 56768, 96768 and 96798 can be found in 

Appendix 5. The values of the other variables are outcomes of the LP-model. .  

Capacity 

The purpose of the model is to distribute the capacity of the ophthalmologists of each week between 

the outpatient department and operating room. Therefore it must be known how much capacity is 

available in each week. The capacity of the ophthalmologists is used for different kind of sessions, which 

is already shown in previous chapters. The capacity that is available for the outpatient department and 

the operating room is equal to the total capacity minus the capacity that is needed for laser and general 

outpatient department sessions.  

- :?7@8 � total ophthalmologists capacity in week w 

- A8 � number of laser sessions in week w 

- B8 � number of general outpatient department sessions in week w 

- ?7@8 � ophthalmologists capacity available for outpatient department and operations at week w 
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- 76CD � number of supervision sessions in period t 

- 9@8 � number of retina post sessions in week w 

- ?E8 � assistant capacity in week w 

In order to link the patients to the sessions, it must also be known how many patients can have an 

operation or consult during each type session.  

- CFG,� � number of patients per session at the retina post, i = 0,1 

- CHI,� � number of patients per session at the outpatient department, i = 0,1 

- CHIJ,� � number of patients per supervision session at the outpatient department, i = 0,1 

- CKHJ,� � number of patients per session at the general ophthalmic outpatient department, i = 0,1 

- CHF � number of patients per operating session 

The variable i in the number of patients per session can be equal to 0 or 1. If the value is 0, then the 

number of patients that can be planned for a session is given and when the value is 1, the number of 

patients that is actually seen per session is given. The values of :?7@8, ?7@8,  9@8, 76CD,  A8 and B8 are shown in Appendix 3. The number of patients per session can be found in Table 5. 

Decisions 

As already told, the purpose of the model is to distribute the ophthalmologist capacity between the 

outpatient department and the operating room. So, the model has to decide how many sessions of each 

type there must be in each week. Therefore, the model contains three decisions variables; the number 

of operating session, the number of outpatient department sessions and the number of outpatient 

department supervision sessions.  

- 679C8 � decided number of operating room sessions in week w  

- 676C8 � decided number of sessions at the outpatient department in week w  

- 676CC8 � decided number of supervision sessions at the outpatient department in week w  

Results 

The purpose of the hospital is to treat as many patients as possible. It is therefore also interesting to see 

how many patients had a consult or operation. This number can be calculated when it is decided how 

many capacity there is for each kind of session per week. 

- :768 � number of patients that had a consult on the outpatient department in week w 

- :@768 �number of patients that is planned for a consult on the outpatient department 

- :798 � number of patients that had an operation in week w 

6.3 Assumptions 

For the model, different assumptions are taken into consideration: 

- Patients that need an operation can only receive urgency level 0, 1 or 2. This because urgency 3 

and 4 have been occurred rarely in 2010, which is shown in Appendix 5. For this reason, it is 

assumed that 14.2% of the patients need an operation in the same week, 40.3% needs an 

operation in week 1, 40.3% needs an operation in week 2 and 1.3% of the patients needs an 

operation in each week 3, 4, 5 and 6.  
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- The patients that have their first control consult after an operation need that consult after two 

weeks.  

- 34% of the patients that need a follow-up consult need the consult after four weeks. This is the 

second control consult after the operation. In the weeks 1-10, 3.7% of the patients need a consult 

per week. This means that totally 37% of the patients that need a follow-up consult, need that 

consult between week 1 and week 10. In each week between week 11 and 31, 1.2% of the 

patients need a consult and in each week between week 32 and week 47, 0.2% need a consult.   

- In section 1.3 it is told that different employees are present at an operation. In this model, only 

the ophthalmologists and assistants are considered; it is assumed that the availability of the other 

employees and the availability of operating and consulting rooms are no limiting factor.  

- For each type of session, the number of patients that can be planned for a session or that can be 

seen during a session is constant. The numbers can be found in Table 5.  

- In section 1.4.2 and 1.4.3 it is told that different places in the planning are reserved for the 

different types of consults and operations. For the model, no distinction is made between the 

different types of operations and consults. Also the duration of the operations is not considered. 

It is only assumed that 3.14 operations can be done per operating session.  

 

6.4 Model 

In this section, the problem definition and the constraints are given. Next, they are explained in words. 

The problem definition is as follows: 

min� � � ;798 ) �1 	 �� �
*�

8�
;768  

Subject to: 

;798 � ;798�� ) :6798 	 :798 ,  for all w       (1.1) 

;768 � ;768�� ) :6798 	 :798 ,  for all w       (1.2) 

:6798 �  56798 ) 96798 ) ∑ ;79>,8�>�  for all w      (1.3) 

:6768 �  56768 ) 96768 ) ∑ ;76<,8*<�  for all w      (1.4) 

;79�,8 � 0.1204 � 0.142:768 ) 0.0307 � 0.142:798 ,  for all w     (1.5) 

;79�,8 � 0.1204 � 0.403∑ :7688��8�� ) 0.0307 � 0.403∑ :7988��8�� ,  for all w   (1.6) 

;79�,8 � 0.1204 � 0.013∑ :7688�-8�( ) 0.0307 � 0.013∑ :7988�-8�( ,  for all w   (1.7) 

;76�,8 � 0.9520 � :798��,  for all w        (1.8) 

;76�,8 � 0.5814 � 0.34:768�+,  for all w        (1.9) 

;76(,8 � 0.5814 � 0.037∑ :7688���8�� ,  for all w       (1.10) 

;76+,8 � 0.5814 � 0.012∑ :7688�(�8��� ,  for all w       (1.11) 

;76*,8 � 0.5814 � 0.002∑ :7688�+,8�(� ,  for all w       (1.12) 

?7@8 � :?7@8 	 A8 	 B8 , for all t         (1.13) 
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?7@8 � 679C8 ) 676C8 ) 676CC8 , for all w є t        (1.14) 

:@768 � 676C8 � CHI,� ) 676CC8 � CHIJ,�) ?E8 � CHIP,� ) 9@8 � CFG,�, for all w   (1.15) 

:768 � 676C8 � CHI,� ) 676CC8 � CHIJ,�) ?EQ � C76E,1 ) 9@8 � CFG,�, for all w   (1.16) 

:798 �  679C8 � CHF,�, for all w         (1.17) 

76CD � ∑ 676CC8+8� , for all w є t         (1.18) 

679C8 .  676C8.676CC8  � 0.  for all w         (1.19) 

;79>,8   � 0,  for all u and w         (1.20) 

;76<,8   � 0,  for all p and w         (1.21) 

;798 , ;768 �  0, for all w         (1.22) 

∑ 679C8 � CHI � 2399*�8�           (1.23) 

∑ 676CC8 � CHIJ ) 676C8 � CHI � 13613*�8�         (1.24) 

;79� �  r           (1.25) 

;76� �  d           (1.26) 

The problem definition minimizes the number of patients in the delay list for an operation or a consult. 

With the weighting factor x it is possible to give priority to one of the delay lists. So, if a delay for an 

operation is less desirable than a delay for a consult, x must be greater than 0.5. Formulas 1.1 and 1.2 

calculate the number of patients that have a delay for an operation or consult. This number is equal to 

the patients that already have a delay plus the number of patients that need an operation or consult in 

week w minus the number of patients that had an operation or consult in week w. In the Formulas 1.3 

and 1.4 it is seen that the total demand for the operation or outpatient department is the sum of the 

new demand of week w plus the repeat demand of week w plus the demand for a follow-up operation 

or consult. Formula 1.5 shows the number of patients with urgency 0 that is waiting for an operation in 

week w; 12.04% of the patients need an operation after a consult and 3.07% of the patients need an 

follow-up operation and 14.2% of those groups of patients need the operation within 1 week. Formulas 

1.6 and 1.7 show the number of patients with urgency 1 and 2 that is waiting for an operation in week 

w. In formula 1.8-1.12 can be seen how many patients of each urgency p need an operation in week w. 

Formula 1.13 states that the available ophthalmologist capacity in week w is equal to the total 

ophthalmologist capacity minus the capacity that is needed for the laser sessions and sessions on the 

general ophthalmic outpatient department. Formula 1.14 states that the total used capacity must be 

smaller or equal to the total available capacity. Formula 1.15 states that the number of patients that can 

be planned for the outpatient department is equal to the number of sessions times the number of 

patients that can be planned for each session. Formula 1.16 and 1.17 state that the total number of 

patients that had a consult or an operation in week w is equal to the number of sessions times the 

number of patients that can be seen during each session. Formula 1.18 ensures that the decided 

number of supervision sessions is equal to the required number of supervision sessions. Formula 1.19 

states that the number of sessions per week cannot be negative. Formula 1.20, 1.21 and 1.22 ensures 

that the number of waiting patients and the number of patients in the delay lists cannot become 

negative. Formula 1.23 and 1.24 states that there must be at least 2399 operations and 13613 consults 
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per year. This number equals the actual number of patients that had a consult or operation in 2010. 

Formula 1.25 and 1.26 give the initial values of the delay lists, which are calculated in the next section.   

6.4 Determining initial value and value for weighting factor  

Before the model is validated and the results are given, the initial values for the number of patients that 

have a delay for a consult or operation and the value for the weighting factor x are determined. The 

weighting factor x in the objective function can have different values. A high x means that more priority 

is given to the operating room and a low x means that more priority is given to the outpatient 

department. In this way, different priorities can be given to the operating room and the outpatient 

department. The result of some different values can be found in Table 8 and Figure 10. To set x, it is 

assumed that the initial lengths of the delay lists are equal to 20 for operations and 200 for consults.   

Table 8: Different values for x 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

In Table 8 and Figure 10 it can be seen that the slope of delays for operations and consults increase 

between x=0.6 and x=0.8. It is difficult to explain why there is such a big change between 0.6 and 0.8. 

The average demand for a consult is equal to 280.48 and the average demand for an operation is equal 

to 49.43. On average, 15.86 are seen per outpatient department session and 3.14 patients per operating 

sessions. This means that the average demand for consults is equal to 17.86 sessions per week and the 

demand for operations 15.74 sessions per week. This means that 47.8 % of the sessions are needed for 

operations and 52.8% for consults. Therefore, it expected that there is a change around x=0.5. But, for 

the model some assumptions are made that influence the distribution of the capacity. It is for example 

assumed that there must be a certain number of outpatient department supervision sessions per period 

of four weeks. The result of the assumptions is that there is a change between x=0.6 and x=0.8. To have 

a better picture, Table 9 focuses on the range 0.6-0.8.    

 

 

  

Value for x 

Sum 

QODw 

Sum 

QORw 

0 2222 15439 

0.1 2222 15431 

0.2 2224 15420 

0.3 2226 15414 

0.4 2226 15414 

0.5 2239 15398 

0.6 2246 15393 

0.7 18048 8280 

0.8 35773 1543 

0.9 35949 1516 

1 36046 1513 Figure 10: Different values for x 
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Table 9: Different values for x (0.8-0.6) 

  

 

 

 

 

 

 

 

With help of Table 9 and Figure 11, it is chosen that x=0.73, because the operations have more priority 

than the outpatient department. Of course, other values still remain interesting for sensitivity analyses. 

For that reason, in the remainder of this research also other values for x will be considered and x=0.73 is 

used as a starting point.  

After the value for x is determined, the initial values for the number of patients that have a delay for a 

consult or operation are calculated. In Table 10 the effect of different initial values of the number of 

patients that have a delay for an operation on the average number of patients that have a delay for a 

consult or operation can be found.  

Table 10: Initial value for QOR                

QOD0 0 100 200 300 400 

QOR0 =0 Average QORw - 37.19 41.50 43.59 36.04 

In Table 10 it can be seen that changing the initial value of the delay list for consults has an effect on the 

number of patients that have a delay for an operation. It is chosen to go not higher than QOD0 = 400, 

because that becomes unrealistic. The average value of the results, 39.58, will be used as initial value for 

QOR0.  With this value, the average QOD0 becomes equal to 306.56.  

6.5 Validation  

Before the results of the model are considered, the model is validated. According to Hillier & Lieberman 

(2005) the validation of a mathematical model can be assessed in different ways:  

- Take a fresh look at the overall model; are there obvious errors or oversights? 

- It must be checked if all the mathematical expressions are dimensionally consistent in the units 

used.  

- Varying the values of the parameters and/or the decision variables and checking to see whether the 

output from the model behaves in a plausible manner.   

Value for x Sum 

QODw 

Sum 

QORw 

0.6 2246 15393 

0.62 2272 15376 

0.64 2307 15355 

0.66 2313 15352 

0.68 2597 15217 

0.7 18048 8280 

0.72 25890 5081 

0.74 32173 2763 

0.76 35424 1651 

0.78 35773 1543 

0.8 35773 1543 Figure 11: Different values for x (0.8-0.6) 
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- Re-examining the definition of the problem and comparing it with the model.  

- Using historical data to reconstruct the past and then determining how well the model and the 

resulting solution would have performed if they had been used.  

All these points are discussed below.  

When a fresh look is given to the overall model, it was obvious that for some weeks the decided 

operating room capacity or the decided outpatient room capacity was equal to zero. This is not desirable 

and therefore, some restrictions are made for the minimum amount of decided capacity: 

- 679C8  � 10     (1.27) 

- 676C8 � 5     (1.28) 

The minimum number of sessions per week is decided with help of the Master Planning of Table 1.  

Furthermore, the dimensional consistency of the model was checked. In Appendix 7, all variables with 

their units can be found. For all formulas it is checked if they are dimensionally consistent. Another 

technique for validating the model is running the simulation under a variety of settings of the input 

parameters. Two input variables are changed; the demand and the capacity. It is expected that when the 

demand for operations decrease and the demand for the outpatient department increase, the number 

of decided operating sessions decrease and the decided number of outpatient department sessions 

increase. In the normal mode, the number of decided outpatient department sessions is equal to 776 

and the number of decided operating room sessions is equal to 764. In this case, the restrictions 1.22, 

1.23 and 1.26 and 1.27 must be changed to get a feasible solution. When the demand is changed, the 

number of decided outpatient department sessions becomes equal to 1264 and the number of decided 

operating room sessions becomes equal to 275. So, the model behaves as expected. Next, it is expected 

that when the capacity decrease, the number of patients that have a delay for an operation or consult 

increases. In this case, also the restrictions 1.22, 1.23, 1.26 and 1.27 were changed. The number of delay 

weeks that all patients together have for a consult became 64547 instead of 21476 and the total 

number of delay weeks that all patients together have for an operation became 12832 instead of 2321. 

So, the model again behaves as expected. Next, it was tested whether the results met the requirements 

in the assignment. Therefore, the model definition is compared with the model. No obvious things were 

found. Finally, historical data is used to reconstruct the past and then determining how well the model 

and the resulting solution would have performed if they had been used. This means that the number of 

operation and outpatient department sessions of 2010 was used as the decided number of sessions. The 

number of sessions of each type per week can be found in Appendix 8. This division gave a feasible 

solution, which means that the model can also be used for the historical data.   
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7. Results  

The model that is described in the previous chapter is implemented in Microsoft Excel. With help of the 

Excel Solver an optimal solution is found. A screenshot of the Excel model can be found in Appendix 9. A 

video demonstration of the Excel model can be found at http://www.screenr.com/WvNs. In addition, 

the model can be seen and run in a virtual machine, which can be found at 

http://is.ieis.tue.nl/staff/pvgorp/share/?page=ConfigureNewSession&vdi=XP-TUe10G-

WithOfficeAndAcrobat_ThesisLona.vdi.  

The model decides how the ophthalmologist capacity must be distributed between the outpatient 

department and the operating room in such a way, that as many as possible patients can be operated 

within the given urgency and that as many as possible patients have a consult within the given urgency. 

The decisions of the Excel Solver can be found in Figure 12 and Appendix 10.  

 

 
Figure 12: Decided number of sessions per week (x = 0.73. QOD0=306.56 and QOR0 = 39.58) 

In Appendix 10 and Figure 12 it can be seen how the capacity is distributed between the outpatient 

department, the outpatient department with supervision and the operating room. It can be seen that 

there are indeed minimal 10 operating sessions and 5 outpatient department sessions (with supervision) 

per week. In Figure 12 can be seen that the number of outpatient department sessions follows the same 

pattern as the total number of available sessions. The further results of the model can be found in Table 

11 and in this table, also a comparison with the results of the division of 2010 (see Appendix 8) and the 

results of other values for x can be found.   

Table 11: Results model compared with division of 2010 

Variable Optimal 

division 

(x=0.745) 

Optimal 

division 

(x=0.73) 

Optimal 

division 

(x=0.715) 

Optimal 

division 

(x=0.7) 

Division 

of 2010 

Sum TODw (patients) 13858 13858 13858 13858 12865 

Sum TORw (patients) 2399 2399 2399 2399 2397 

TODw/QODw (weeks) 2.34 1.99 1.69 1.24 2.42 

TORw/QORw (weeks) 0.70 1.43 2.10 3.17 2.63 
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In Table 11 can be seen that by the optimal solution (x=0.73) more patients can have a consult or 

operation with a shorter delay time than by the division that is used in 2010. In other words, when the 

ophthalmologists capacity of 2010 was divided in another way, more patients could have a consult or 

operation with a shorter delay time. Different values can be chosen for x which results in different delay 

times for operations and consults. In Table 11 can be seen that if x=0.7 instead of x=0.73 the delay time 

for consults become shorter and the delay time for operations longer, because more priority is given to 

the outpatient department.   

It should be noted that the demand in the model is known in advance. In practice, only an expectation of 

the demand can be made. Besides, the optimal division is difficult to use in practice, because the 

number of sessions is not always a rounded number and because also other departments use the 

operating rooms. This means that the number of operating sessions cannot switch every week. For this 

reason, different scenarios that take the unknown demand, the integer number of sessions and the fact 

that the number of session cannot switch every week into consideration, are worked out in the next 

chapter.  
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Figure 15: Poisson distribution operations Figure 14: Poisson distribution operations 

8.1 Variations in demand 

In previous chapters it has been explained that the new demand of the model is dependent on when 

there is place for a consult or operation in 2010 and that it is not based on when a patient really arrives 

at the hospital. This is because only information is available about the first consult or operation of a 

patient. Therefore it is not known what the real demand in each week of 2010 was. For this reason, it is 

investigated how the model behaves when the demand is distributed in another way.  

8.1.1 Different demand distributions 

The different distributions that are used in this chapter are constant demand, random demand and 

Poisson distributed demand.  

For constant demand, the demand for operations and consults throughout all the weeks is fixed. This 

fixed number is based on the averages from the demand of 2010. The average number of new patients 

per week that needed an operation in 2010 was equal to 13.25 patients per week and the average 

number of new patients per week that needed a consult in 2010 was equal to 80.88 patients per week. 

It is therefore investigated how the model behaves when the demand for operations is 13.25 patients 

for all weeks and the demand for consults is 80.88 for all weeks. The results of this model can be found 

in Table 12.   

For the random demand, it is chosen that the demand for the outpatient department is random 

between 40.88 and 120.88 and the demand for the operations is random between 8.25 and 18.25 per 

week. These numbers are chosen because the numbers of first operations or first consults per week also 

fluctuate between these bound. When the demand is random, each run of the model has another result. 

For that reason, the model is run five times and the average result of the five models can be found in 

Table 12. 

Figure 14 and Figure 15 shows the Poisson distribution of the demand for operations and consults. 

Again, the model is run five times and the average result can be found in Table 12.  
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Table 12: Result different demand distributions 

Variable Optimal Constant 

Demand  

Poisson  Random  

Sum TODw 13858 13858 13848 13858 

Sum TORw 2399 2399 2399 2399 

TODw/QODw (weeks) 1.99 1.04 0.98 1.05 

TORw/QORw (weeks) 1.43 1.21 1.21 1.19 

In Table 12 it can be seen that the average delay time for a consult or operation decreases when the 

demand is constant, random or Poisson distributed. The reason for this decrease can be that there is 

less variance in the demand. The variances of the different distributions can be found in Table 13. It 

must be remarked that de variance of 2010 is not the result of the arrival process, but of the planning 

process. In other words, the ‘new demand’ of 2010 is equal to the number of first consults and first 

operations that are planned per week and not equal to the number of patients that arrives per week. 

Table 13: Variances different distributions and ratio outpatient department and operating sessions 

 

Constant Poisson Random 2010 

OD 0.00 8.51 23.16 31.04 

OR 0.00 3.59 2.83 2.99 

Standard deviation Ratio OD/OR 0.60 0.65 0.67 0.61 

In Table 13 it can be seen that the variance for the outpatient department is the highest for the model 

that make use of the new demand of 2010 and the lowest for the Poisson distribution. For that reason, 

the number of patients in the delay list is smaller when the Poisson distribution is used. Also the random 

distribution results in a smaller number of patients in the delay list, because the variance is also smaller. 

Why the number of patients in the delay list for constant demand is higher than for Poisson distributed 

demand is difficult to explain. Probably this is because the available capacity is not constant over the 

year. Table 13 shows that the standard deviation of the ratio between outpatient department sessions 

and operating sessions is the smallest when the demand is constant. It is often expected that higher 

variance in demand would lead to more chaotic behavior and thus to a higher standard deviation of the 

ratio between the session-types. Surprisingly however, that is not the case. Indeed, as seen in the other 

distributions, the number of variance has no influence on the standard deviation of the ratio between 

the sessions. 

8.1.2 Increase in demand  

In previous chapter the influence of different demand distributions on the delay times is investigated, 

but it is also interesting to investigate how the model behaves when the demand increases. In this 

section, it is investigated what the influence of an increase in demand is on the delay time. In Table 14 

the results of the increase in demand on the delay time can be found.  
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Table 14: Results increase in demand 

Increase 

demand (%) 

Optimal 10 20 30 40 50 60 70 80 90 100 

Sum TODw 13858 13858 13858 13858 13858 13858 13858 13858 13858 13858 13858 

Sum TORw 2399 2399 2399 2399 2399 2399 2399 2399 2399 2399 2399 

TODw/QODw 1.99 3.13 4.18 5.24 6.41 7.57 8.57 9.57 10.72 11.86 12.84 

TORw/QORw 1.43 1.63 2.04 2.44 2.60 2.77 3.30 3.84 4.03 4.27 4.85 

In Table 14 it can be seen that the delay times for operations and consults increase when the demand 

increases. If the demand increases with 10%, the delay time for consults increases with 57% and the 

delay time for operations increases with 14% and if the demand increases with 50%, the delay time for 

consults increases with 280% and the delay time for operations increases with 94%. It can also be seen 

that for this model the maximum number of consults is 13858 per year and the maximum number of 

operations is 2399 per year. Note that the delay time is not stable throughout the year; the delay time is 

shorter at the beginning of the year.  

8.1.3 Repeat demand 

As described in previous chapters, there are two types of new demand; really new demand and repeat 

new demand. The repeat demand is the demand that is new for 2010, but these patients had another 

consult or operation in 2009. In this session, it is investigated how the model behaves when this repeat 

demand is dependent on the number of patients that had a consult or operation at the end of 2010.  

Table 15: Results repeat demand dependent on end 2010 

 Optimal Dependent on end of 2010 

(x=0.73) 

Dependent on end of 2010 

(x=0.85) 

Sum TODw 13858 13858 13858 

Sum TORw 2399 2399 2399 

TODw/QODw 1.99 0.33 1.56 

TORw/QORw 1.43 2.21 0.16 

 

In Table 15 it can be seen that the delay time for operations is longer and the delay time for consults is 

shorter if the repeat demand is dependent on the end of 2010. This can be due to the fact that the 

demand for operations is higher in this case and that the demand for the consults is lower than in the 

normal model. Another reason is that in this model, the number of repeat demand is determined by the 

model and that is not the case when the data of 2009 is used. If more priority is given to the operations 

(x=0.85) the delay time for both operations and consults becomes shorter than the delay times of the 

optimal model. 

8.2 Variations in capacity 

In previous chapter it is shown that the delay time increases when the demand increases and that there 

can be maximal 13858 consults and 2399 operations per year with this capacity. In this section, it is 

investigated how the capacity must increase to see more patients and to decrease the delay time. It is 

interesting for the hospital to see what the effect is of increasing demand.   
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8.2.1 Increase in capacity 

Besides variations in demand, there can also be variations in capacity. It will be investigated what the 

effect of an increase in capacity per week is on the delay time. It will also be investigated with which 

capacity the delay time becomes equal to zero. In Table 16 the effect of an increase in capacity on the 

delay time can be found.  

Table 16: Results increase capacity (x=0.73) 

Increase capacity (%) Optimal 10 20 30 40 50 60 70 

Sum TODw 13858 15073 15444 15491 15498 15499 15500 15501 

Sum TORw 2399 2704 2778 2781 2789 2794 2794 2794 

TODw/QODw  1.99 0.70 0.02 0.00 0.00 0.00 0.00 0.00 

TORw/QORw  1.43 0.33 0.30 0.12 0.04 0.02 0.01 0.00 

In Table 16 it can be seen that the delay time for consults becomes approximately equal to zero after an 

increase of 20% and the delay time for operation after an increase of 40%. It should be noted that if the 

delay time is close to zero, all patients have their consult or operation in the week that they need it. In 

this way it is possible that an acute patient have an operation after three days instead of within 24 

hours.  

In Table 17 it can be seen what the effect of increasing the capacity is on the delay time when more 

priority is given to the operation room: x is set to 0.9.  

Table 17: Results increase capacity (x=0.9) 

Increase capacity (%) Optimal 10 20 30 40 50 60 70 

Sum TODw 13613 14914 15326 15413 15465 15495 15499 15501 

Sum TORw 2446 2734 2781 2789 2792 2793 2794 2794 

TODw/QODw  2.71 0.89 0.24 0.10 0.04 0.02 0.01 0.00 

TORw/QORw  0.14 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

Table 17 shows that with 10% more capacity the delay for consults decreases with 73.42% and the delay 

time for consults decreases with 92.85%. In Table 17 it can also be seen that the delay time for the 

operations becomes approximately equal to zero when the capacity increases with 10% and that the 

delay time for consults becomes approximately equal to zero when the capacity increases with 40%. 

From Table 16 and Table 17 it can be concluded that after some increase in capacity the delay times for 

consults and operation can become equal to zero. Which delay time becomes first equal to zero 

depends on the priority that is given to the operation room and outpatient department. It is not only 

interesting how the delay time changes when the demand increase, it also interesting to investigate the 

effect of increasing the capacity on the occupancy rate. The occupancy rates can be found in Table 18.   

Table 18: Occupancy rates by increasing capacity (x=0.73) 

Increase capacity (%) optimal 10 20 30 40 50 60 70 

Occupancy rate 1.00 1.00 0.93 0.86 0.80 0.75 0.70 0.66 
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In Table 18 it can be seen that the occupancy rates become lower than one after a capacity increase of 

20%. The delay times for operations and consults become both approximately equal to zero when the 

capacity increases with 40%. If the capacity increases with 40%, the occupancy rate becomes equal to 

0.80. This is of course undesirable. Therefore, the hospital has to make a tradeoff between the delay 

time and the occupancy rate of the ophthalmologists.  

8.2.2 More patients per session 

According to Vissers & Beech (2005), an approach for the scheduling of appointments on the outpatient 

department is bottleneck analysis, as told in Section 2.5.2. The processing capacity of the bottleneck 

resource can be increased through the reduction of consultation time or increasing the utilization of the 

time of the doctor (Vissers & Beech, 2005). For this reason, it is in this section investigated how the 

model behaves when there is an increase in the number of patients that can be seen during a session. It 

is investigated how the model behaves when 0.5 or 1 patient more can be seen per operating sessions 

and 1 or 2 patients more can be seen per outpatient department session. It is chosen for an increase of 

0.5 patients per operating session, because the hospital expects that per operating day, one more 

patient can be treated. The results of these scenarios can be found in Table 19.   

Table 19: Results more patients per session 

Increase 

capacity (%) 

Optimal STU= 3.64 STU= 4.14 STV = 17.48,  STVS  = 16.18 

STV = 18.48,  STVS  = 17.18 

Sum TODw 13858 14743 15239 14634 15410 

Sum TORw 2399 2586 2769 2399 2399 

TODw/QODw  1.99 1.20 0.37 2.91 3.58 

TORw/QORw  1.43 0.39 0.24 1.15 1.18 

In Table 19 it can be seen that the number of consults and operations per year increases and that the 

delay times for operations and consults decrease when 0.5 or 1 patient more can be seen per operating 

session. If 0.5 patients more can be seen per operating session, the delay time for operations decreases 

with 72.5% and the delay time for consults with 39.77%. Furthermore, it can be seen that the number of 

patients that can be seen per year increases when the number of patients that can be seen per session 

on the outpatient department increases. If the number of patients that can be seen per session on the 

outpatient department increases with two, the delay time for consults increases with 80% and the delay 

time for operations decreases with 17.5%. Despite the higher average delay times, approximately 2300 

more consults can be held. The demand for consults is dependent on the number of performed consults. 

Consequently, if many consults are performed, the demand for consults increases along with it. The 

reason that the delay time increases when the number of patients per outpatient department session 

increases could be that the demand for follow-up consults becomes higher.   

8.3 Different masterplanning cycles 

In chapter 7 it is told that the model results in a non-integer number of sessions and the number of 

sessions per week switches every week. In this chapter, it is investigated how the model behaves when 

different Master Planning cycles are used. In the Master Planning cycles, the number of sessions per 
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week is integer and the number of sessions per week changes only a few times per year. It is 

investigated how the model behaves when the flexibility of ophthalmologists changes. Besides, a Master 

Planning cycle is given in which the holidays are considered explicitly.  

8.3.1 Variations in flexibility ophthalmologists 

In the situation of 2010, there is less flexibility of the ophthalmologists because they use a Master 

Planning that is the same for each week of the year. Only during the holidays do the ophthalmologists 

sometimes carry out more operating sessions than are planned in their Master Planning. In the optimal 

solution of the model, there is a high flexibility of the ophthalmologists needed because in each week 

another number of sessions is needed, as shown in Chapter 7. The result of high flexibility is that the 

patients have shorter delays. In this chapter, different models are shown with different flexibility values. 

In this way a balance can be found between the flexibility of ophthalmologists and the delay time for 

patients. The value of flexibility is defined as the number of times that the Master Planning should be 

adjusted per year.  So, if the flexibility is equal to 0, every week has the same Master Planning.  

Different flexibility scenarios are made which can be found in Table 20. It was also possible to choose 

other periods, but there are so many possibilities that a choice must be made. Of the outpatient 

department sessions, there are seven sessions with supervision for each week.  

 

Table 20: Flexibility scenarios 

Flexibility 0 Week 1-52 

OD 14 or 15 (1:15) 

OR 14 or 15 (1:2) 

Flexibility 1 Week 1-30 Week 31-52 

OD 14 or 13 (1:1) 16 or 17 (1:3) 

OR 16 13 

Flexibility 2 Week 1-26 Week 27-33 Week 34-52 

OD 15 or 14 (1:2) 10 17 or 18 (1:1) 

OR 17 or 16 (1:2) 13 13 

Flexibility 3 Week 1-9 Week 10-26 Week 27-33 Week 34-52 

OD 15 14 10 17 or 18 (1:1) 

OR 20 15 or 14 (1:1) 13 13 

Flexibility 4 Week 1-9 Week 10-26 Week 27-33 Week 34-45 Week 46-52 

OD 15 14 10 19 or 20 (1:2) 14 

OR 20 15 or 14 (1:1) 13 10 or 11 (1:2) 17 or 26 (1:2) 

 

The numbers between the brackets in Table 20 indicate the ratio between the two numbers of sessions 

that are given. For example 16 or 17 (1:3) means that once in the four weeks there are 16 sessions and 

that in three of the four weeks there are 17 sessions. The results of the different scenarios can be found 

in Table 21. 
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Table 21: Results flexibility scenarios 

Flexibility 0 1 2 3 4 Division 

of 2010 

Sum TODw 13881 13832 13865 13865 13881 12865 

Sum TORw 2396 2405 2396 2399 2393 2397 

TODw/QODw 1.34 2.32 2.20 2.26 2.00 2.42 

TORw/QORw 3.66 1.56 1.48 0.99 1.54 2.63 

In Table 21 it can be seen that the models with flexibility 1, 2, 3 or 4 all results in shorter delay times 

than when the division of 2010 is used. Only the model with flexibility 0 results in a longer delay time for 

operations. If flexibility 4 is used, the delay time for consults decreases with 17% and the delay time for 

operations decreases with 41% in comparison of the division of 2010. It must be remarked that for the 

different flexibility scenarios it is assumed that all the sessions are really conducted, so if an 

ophthalmologist is on holiday, the other ophthalmologists do the sessions. In practice, this is difficult to 

realize. In 2010, the hospital used the same Master Planning for each week of the year, but in practice 

there was each week a different number of operating sessions and outpatient department sessions, 

which can be seen in Appendix 8.  

8.3.2 One flexible ophthalmologist  

In this session, it is tried out how the model behaves when four of the five ophthalmologists have a fixed 

schedule and one ophthalmologist is flexible. So, if the delay time for operations becomes longer, the 

flexible ophthalmologist does some operating session and when the delay time for consults becomes 

longer, the flexible ophthalmologist does more outpatient department sessions. In Appendix 3, the total 

available capacity for each ophthalmologist can be found. It is chosen that ophthalmologist E is the 

flexible ophthalmologists, because this ophthalmologist does no sessions on the general outpatient 

department or laser sessions. It is assumed that the supervision sessions are all done by the four 

ophthalmologists with a fixed schedule. In Table 22 the fixed Master Planning for the four 

ophthalmologists can be found and the results of the model can be found in Table 23. 

Table 22: Fixed Master Planning for four ophthalmologists 

 OD  OD -supervision OR 

Number of sessions 4 or 5 (2:3) 7 11 or 12 (2:3) 

Table 23: Results one flexible ophthalmologist 

 (x=0.745) (x=0.73) (x=0.715) (x=0.7) (x=0.685) Division of 2010 

Sum TODw 13881 13881 13881 13881 13881 12865 

Sum TORw 2399 2399 2399 2399 2399 2397 

TODw/QODw 3.55 3.33 3.12 2.67 2.21 2.42 

TORw/QORw 0.55 1.00 1.49 2.55 3.74 2.63 

In Table 23 it can be seen that the delay times for operations and consults change when one 

ophthalmologist is flexible. The size of the change depends on the value of the weighting factor x. Of 
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course, it is also possible to have some different Master Planning’s for the four ophthalmologists. The 

scenarios of Table 20 are used in this case and the results can be found in Table 24.  

Table 24: Results scenarios one flexible ophthalmologist 

 Scenario 1 Scenario 2 Scenario 3 Scenario 4 Scenario 5 Division of 2010 

Sum TODw 13881 13799 13848 13864 13832 12865 

Sum TORw 2399 2399 2399 2399 2399 2397 

TODw/QODw 3.33 3.64 3.50 3.40 3.19 2.42 

TORw/QORw 1.00 0.73 0.72 0.73 1.12 2.63 

In Table 24 it can be seen that the delay time for operations decreases and the delay time for consults 

increases in all scenarios in comparison with the division of 2010. If another value for x is chosen, the 

delay time for consults decreases instead of the delay time for operations. But all in all, the use of one 

flexible ophthalmologist and four ophthalmologists with a fixed schedule is no improvement. For that 

reason, it is in the next section investigated how the model behaves when two ophthalmologists have a 

flexible schedule.  

8.3.3 Two flexible ophthalmologists  

In the previous chapter it is investigated how the model behaves when one ophthalmologist has a 

flexible schedule. In this chapter, it is investigated how the model behaves when two ophthalmologists 

have a flexible schedule and three ophthalmologists have a fixed schedule. It is chosen that 

ophthalmologists C and E are the flexible ophthalmologists and that the other three ophthalmologists 

have a fixed schedule. Again, the model is run with different values for x and with different scenarios. 

The results of this can be found in Table 25 and Table 26.   

Table 25: Results two flexible ophthalmologists 

 (x=0.745) (x=0.73) (x=0.715) (x=0.7) (x=0.685) Division of 2010 

Sum TODw 13818 13818 13818 13818 13818 12865 

Sum TORw 2399 2399 2399 2399 2399 2397 

TODw/QODw 3.55 3.41 2.95 2.44 1.81 2.42 

TORw/QORw 0.52 0.80 1.83 3.04 4.65 2.63 

 

Table 26: Results scenarios two flexible ophthalmologists 

 Scenario 1 Scenario 2 Scenario 3 Scenario 4 Scenario 5 Division of 2010 

Sum TODw 13818 13851 14000 13967 14000 12865 

Sum TORw 2399 2399 2399 2399 2399 2397 

TODw/QODw 3.41 3.43 3.24 3.25 3.05 2.42 

TORw/QORw 0.80 0.76 0.82 0.80 1.12 2.63 

From Table 23 - Table 26 it can be concluded that the delay times become a little bit shorter when there 

are two flexible ophthalmologists instead of one flexible ophthalmologist. But, introducing one or two 

flexible ophthalmologists is not very beneficial for the delay times.  
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8.3.4 Holidays 

The ophthalmologist capacity is not constant per year, which can be seen in Figure 16. Each 

ophthalmologist has some holiday weeks per year and besides, they have some free days. It is not easy 

to say when exactly it is a 'holiday', but the number of sessions for every week is well known, as can be 

seen in Figure 16.   

 
Figure 16: Total number of available sessions 2010 

In this section it is tried out how the model behaves when the holiday is considered in different ways. In 

scenario 1 there is a different Master Planning for cases when x ophthalmologists are absent. In other 

words, there is a Master Planning for when all ophthalmologists are available, there is a Master Planning 

for weeks where one ophthalmologist is absent, a Master planning for weeks where two 

ophthalmologists are absent and a Master Planning for weeks where three ophthalmologists are absent. 

It is assumed that maximal three ophthalmologists can have holiday simultaneously. The different 

Master Plannings can be found in Table 27.  

Table 27: Master Planning with holidays, scenario 1 

Number of 

ophthalmologists 

on holiday 

OD sessions OR sessions 

0 18  16 or 15 (2:1) 

1 11  13 or 12 (1:1) 

2 8  13  

3 7 11 

In Scenario 2, there is a Master Planning for the whole year and one Master Planning that is used in the 

holiday periods. In Figure 16 can be seen that there are some peaks in the number of available sessions. 

It is assumed that there are two holiday periods: week 18-21 and week 27-33. For those weeks another 

Master Planning is used than for the other weeks. The Master Planning can be found in Table 28 and the 

results can be found in Table 29.   
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Table 28: Master Planning with holidays, scenario 2 

Holiday OD sessions OR sessions 

No 16 or 17 (2:1) 16 or 15 (1:4) 

Yes 10 13 or 12 (2:1) 

Table 29: Results holidays 

Flexibility Scenario 1 Scenario 2 Division of 2010 

Sum TODw 13733 13881 12865 

Sum TORw 2424 2399 2397 

TODw/QODw 1.54 1.41 2.42 

TORw/QORw 3.19 3.61 2.63 

In Table 29 it can be seen that the delay time for a consult decreases in scenario 1 and 2, but that the 

delay time for operations increases in case of the different Master Planning schedules for holiday weeks. 

This is because in the beginning of the year, more operating sessions are needed than in the end of the 

year and that is in these scenarios not the case. Therefore, it is investigated how the model behaves 

when the holidays are considered explicitly and when another Master Planning is used in the first ten 

weeks of the year. If there are more operating sessions in the beginning of the year, it is expected that 

the delay time for operations becomes shorter. The results can be found in Table 30.  

Table 30: Results holidays B 

Flexibility Scenario 1b Scenario 2b Division of 2010 

Sum TODw 13833 13848.20 12865 

Sum TORw 2399 2392.68 2397 

TODw/QODw 1.67 2.06 2.42 

TORw/QORw 2.06 1.60 2.63 

In Table 30 it can be seen that the delay time for both operations and consults is shorter than when the 

division of 2010 was used. If a different Master Planning for cases when x ophthalmologists are absent is 

used and another Master Planning for the first ten weeks of the year, the delay time for consults 

decreases with 31% and the delay time for operations decreases with 22%. If during the holiday periods 

and during the first ten weeks of the year another Master Planning is used than in the other weeks, the 

delay time for consults decreases with 15% and the delay time for operations decreases with 39%.  

8.4 Variations in rules 

In this section it is investigated how the model behaves when different planning rules are used than that 

of 2010 and the model. It is first investigated how the model behaves when patients can also have 

operations earlier. Besides, it is investigated how the model behaves when on the beginning of each 

week it determined how the capacity in that week is distributed. Furthermore, it is investigated how 

different planning rules could have been used in 2010 and what the effect of these rules are on the 

delay times.  
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8.4.1 Patients can have an operation earlier 

It will be investigated how the model behaves when patients can also have an operation earlier. In the 

model, patients get different urgencies in which they need an operation. A patient with urgency 0 needs 

an operation in week 0, a patient with urgency 1 needs an operation in week 1 or 2 and a patient with 

urgency 2 needs an operation in week 3, 4, 5 or 6. In this section it will be investigated how the model 

behaves when these patients can also have an operation in other weeks. The different scenarios that are 

worked out are described below and the results can be found in Table 31. 

1) Patients with urgency 2 need an operation in week 3, 4 or 5.   

2) Patients with urgency 2 need an operation in week 3 or 4.   

3) Patients with urgency 2 need an operation in week 1, 2, 3, 4, 5 or 6.   

4) Patients with urgency 2 need an operation in week 1, 2, 3, 4 or 5.   

5) Patients with urgency 1 need an operation in week 0, 1 or 2.  

6) Patients with urgency 1 need an operation in week 0 or 1.  

Table 31: Results variations in rules 

Scenario Optimal 1 2 3 4 5 6 

Sum TODw 13858 13858 13858 13858 13858 13858 13858 

Sum TORw 2399 2399 2399 2399 2399 2399 2399 

TODw/QODw 1.99 2.00 2.01 2.00 2.00 1.98 2.02 

TORw/QORw 1.43 1.43 1.43 1.43 1.43 1.43 1.46 

In Table 31 it can be seen that the delay time slightly increases for most scenarios. However, patients 

are treated earlier than in the optimal scenario. This is because the waiting time is shorter. If a patient 

receives urgency 2, the waiting time is between 3 and 6 weeks, as can be seen in Figure 7.  So, if a 

patient needs an operation after 4 weeks and has the operation after 5 weeks, the waiting time is equal 

to 4 weeks and the delay time equal to 1 week.  In Table 32, the (total) waiting times can be found. 

Table 32: Number of urgency 2 and urgency 1 patients 

 Urgency 2 Urgency 1  

Scenario Optimal 1 2 3 4 Optimal 5 6 

Week 0 0 0 0 0 0 0 462.3 693.5 

Week 1 0 0 0 14 16.8 693.5 462.3 693.5 

Week 2 0 0 0 14 16.8 693.5 462.3 0 

Week 3 21 28 42 14 16.8 0 0 0 

Week 4 21 28 42 14 16.8 0 0 0 

Week 5 21 28 0 14 16.8 0 0 0 

Week 6 21 0 0 14 0 0 0 0 

Number of patients 84 84 84 84 84 1387 1387 1387 

Waiting time 378 336 294 294 252 2080.5 1386.9 693.5 

Delay time 3419 3428 3435 3433 3441 3419 3436 3502 

Total waiting time 3797 3764 3729 3727 3693 5499.5 4822.9 4195.5 
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In Table 32 it can be seen that there are approximately 84 patients with urgency 2 and 1387 patients 

with urgency 1. The waiting time for scenario 0 is equal to 21*(3+4+5+6) = 378 weeks. If this waiting 

time is added to the delay time from Table 31, the total waiting time can be seen. It can be seen that the 

total waiting time for the different scenarios is shorter than the total waiting time of the optimal 

scenario. So, it can be concluded that different definitions of urgencies do indeed shorten the overall 

waiting time. The total waiting time for operations decreases with 2.7% when urgency 2 patients can be 

operated earlier and decreases with 23.7% when urgency 1 patients can be operated earlier 

8.4.2 Determine distribution at beginning of the week 

In the previous sections, different scenarios are worked out. For all scenario’s it is known what the new 

demand is in each week of the year. So, in week 1 it is already known what the demand in week 2 will 

be. In practice, the new demand per week is not known and therefore an expected demand must be 

considered. The repeat demand is approximately known because this demand is dependent on the 

operations and consults that are already performed. It is for example known which percentage need an 

operation after a consult and it is also known within how many weeks they approximately need an 

operation. But it is not known what the repeat demand exactly is for each week. Therefore, also an 

expected repeat demand must be considered. So, in practice, the distribution of the capacity between 

the outpatient department and the operation room is based on the expected new demand and the 

expected repeat demand. Additionally, per week it is known how much capacity there is.  

In this section it is investigated how the capacity must be distributed if you only have an expectation 

with regard to the demand. So, you don’t know what the real demand will be. It is assumed that there 

are in each week at least ten operating sessions and five outpatient department sessions with 

supervision. For each week, it must be decided how the capacity is further distributed. In this model, it is 

tried to have seven supervision sessions per week. For each week it is first considered how many 

patients can be seen in the ten operating sessions, five outpatient department sessions and on the 

retina post or by the assistant. Then it is investigated how many sessions there are still needed for the 

operations and for the outpatient department. In week 1, 274.29 patients still need a consult and 50.41 

patients still need an operation. This means that there is a need for two supervision sessions on the 

outpatient department, 14.8 outpatient department sessions and 16.05 operating sessions. So, totally 

32.85 sessions are needed, but there are still 21.5 sessions available. Because (16.05/32.85)*100% = 

48.85 % of the sessions is needed for operations, 21.5*0.4885 =10.5 sessions are used for operations 

and 21.5-10.5 = 11.5 for the outpatient department.  

How the total number of needed consults and operations is calculated can be seen in Formula 1.29 and 

1.30.  

5?8 �  ;768�� ) W56768 ) 96768 ) ∑ ;76<,8 	 X5 � CHIJ,�) ?E8 � CHIP,� ) 9@8 � CFG,�Y,*<�  for all w   

                 (1.29) 

578 �  ;798�� ) W56798 ) 96798 ) ∑ ;79>,8�>� 	 10 � 679C8 � CHF , for all w        (1.30) 
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In Formula 1.29 is it shown that the total number of needed consults in week w is equal to the number 

of patients that is waiting for a consult plus the expected new demand plus the repeat demand minus 

the number of patients that can be seen on the retina post, by an assistant or in one of the five 

supervision sessions. Formula 1.30 shows that the number of patients that need an operation in week w 

is equal to the number of patients that is waiting for an operation plus the expected new demand plus 

the repeat demand minus the number of patients that can be seen in one of the ten sessions that are 

already reserved for operations. Next, it is calculated how many sessions there are needed: 576C8 � �5?8 	 �2 � CHIJ,���/CHI,�, for all w            (1.31) 

579C8 � 578/CHF, for all w                   (1.32) 

The number of sessions that is needed for the outpatient department is the total number of consults 

that is needed minus two supervision sessions divided by the number of patients that can be seen 

during a normal session on the outpatient department (Formula 1.31). The number of needed operating 

sessions is equal to the number of needed operations divided by the number of sessions that can be 

seen during an operating session (Formula 1.32). The number of sessions that is still available is equal to 

the total number of sessions minus the number of sessions that are needed for laser treatment and 

general outpatient department minus the 15 sessions that are already reserved, which can be seen in 

Formula 1.33.  ?7@8 � :?7@8 	 A8 	 B8 	 15, for all w             (1.33) 

In Formula 1.34 and 1.35 can be seen how the total available sessions will be distributed further 

between the operating room and the outpatient department.   

676C8 � [HIJ\[HIJ\][HFJ\ � ?7@8 ,  for all w             (1.34) 

679C8 � [HFJ\[HIJ\][HFJ\ � ?7@8,  for all w             (1.35) 

The results of this model can be found in Table 33.  

Table 33: Results planning rules 1 

 Optimal Planning rules 1 Division of 2010 

Sum TODw 13858 13604 12865 

Sum TORw 2399 2449 2397 

TODw/QODw 1.99 2.08 2.42 

TORw/QORw 1.43 1.57 2.63 

In Table 33 it can be seen that the delay time is a little bit longer than in the optimal solution, but that 

the delay time is still shorter than when the division of 2010 is used. Besides, more operations are 

conducted, but less consults. It should be noted that the expected new demand for each week was 

equal to the average demand per week and that he expected repeat demand is calculated with 

formula’s 1.5-1.12. In the model, the new demand that can be seen in Appendix 5 is used. This means 

that there is a discrepancy between the expected new demand and the real new demand. In practice, 

this will also be the case. However, the repeat demand in the model is equal to the expected repeat 

demand. This will not be the case in practice. Therefore, it is also investigated how the model behaves 
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when the expected repeat demand is not equal to the real expected demand. The result of this model 

can be found in Table 34.  

Table 34: Results planning rules 2 when expected repeat demand is

 Optimal Planning rules 1

Sum TODw 13858 

Sum TORw 2399 

TODw/QODw 1.99 

TORw/QORw 1.43 

 

In Table 34 it can be seen that when the expected repeat demand is not equal to the real repeat 

demand the delay times for operations and consults increase

repeat demand. It is therefore important to make accurate predictions. 

If these planning rules are used in practice, it must be determined at the beginning of each week how 

the capacity in that week will be used. To de

that are carried out are stored, so that the repeat demand can be calculated as accurately as possible.

practice, it is difficult to make decisions about the distribution of the capacity at 

week, because elective patients are planned in advance. But, it is possible to make use of advance 

scheduling. Advance scheduling means that a patient is planned for an operation date, but the starting 

time of the operation and the operating room are scheduled on the specific day

2 (Cardoen, Demeulemeester, & Beliën

8.4.3 Planning rules in the case of the d

In Appendix 7, the distribution of the capacity between the outpatient department 

room of 2010 is given. In this section it is investigated how some planning rules that could be used in 

2010 influence the delay times for operations and consults. Therefore, five different scenarios are 

considered, which can be found in Figure 

 

Figure 18: Scenario 1 
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when the expected repeat demand is not equal to the real expected demand. The result of this model 

when expected repeat demand is not equal to real repeat demand

Planning rules 1 Planning rules 2 Division of 2010 

13604 13604 12864.60 

2449 2449 2397.39 

2.08 2.08 2.16 

1.57 1.62 2.63 

it can be seen that when the expected repeat demand is not equal to the real repeat 

for operations and consults increase in comparison with the model with known 

. It is therefore important to make accurate predictions.  

If these planning rules are used in practice, it must be determined at the beginning of each week how 

the capacity in that week will be used. To determine this, it is important that all operations and consults 

that are carried out are stored, so that the repeat demand can be calculated as accurately as possible.

practice, it is difficult to make decisions about the distribution of the capacity at the beginning of each 

week, because elective patients are planned in advance. But, it is possible to make use of advance 

Advance scheduling means that a patient is planned for an operation date, but the starting 

erating room are scheduled on the specific day, as discussed in Chapter 

& Beliën, 2010). 

rules in the case of the data of 2010 

, the distribution of the capacity between the outpatient department and the operation 

room of 2010 is given. In this section it is investigated how some planning rules that could be used in 

for operations and consults. Therefore, five different scenarios are 

Figure 19- Figure 21.  

Figure 17: Scenario 2 
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Figure 21: Scenario 5 

Scenario 1 in Figure 18 for example 

operation becomes greater than 100, two outpatient department sessions are changed in two 

sessions in week w+1. The results of these scenarios can be found in 

Table 35: Results scenarios planning rules

 Division of 2010 

Sum TODw 12865 

Sum TORw 2397 

TODw/QODw 2.42 

TORw/QORw 2.63 

In Table 35 it can be seen that if scenario 1 is used, the delay time for operations becomes shorter and 

the delay time for consults become

becomes longer and the delay time for consults shorter. So, dependent on the planning rule, the delay 

time for operations or consults can become shorter. Of course, also many other scenarios are possible, 

but only these five scenarios are discussed because they show al

planning rules.   

Figure 19: Scenario 3 
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for example means that when the number of patients that have a de

operation becomes greater than 100, two outpatient department sessions are changed in two 

+1. The results of these scenarios can be found in Table 35.  

ts scenarios planning rules 

Scenario 1 Scenario 2 Scenario 3 Scenario 4

12568 13787 13787 13062

2466 2222 2222 2372

3.06 1.17 1.10 2.28

1.43 5.21 5.36 2.68

it can be seen that if scenario 1 is used, the delay time for operations becomes shorter and 

the delay time for consults becomes longer. In Scenario 2, 3 and 4, the delay time for operations 

r and the delay time for consults shorter. So, dependent on the planning rule, the delay 

time for operations or consults can become shorter. Of course, also many other scenarios are possible, 

scenarios are discussed because they show already what the effect is of introducing 
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that have a delay for an 

operation becomes greater than 100, two outpatient department sessions are changed in two operating 

Scenario 4 Scenario 5 

13062 13194 

2372 2347 

2.28 2.04 

2.68 3.29 

it can be seen that if scenario 1 is used, the delay time for operations becomes shorter and 

longer. In Scenario 2, 3 and 4, the delay time for operations 

r and the delay time for consults shorter. So, dependent on the planning rule, the delay 

time for operations or consults can become shorter. Of course, also many other scenarios are possible, 

ready what the effect is of introducing 
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Conclusion and recommendations 

In this chapter the conclusion and recommendations of the research are given. The first section 

discusses the results of the model and the different scenarios. In the second section, some 

recommendations for the hospital and for further research in the hospital are given, while the last part 

touches upon the different possibilities for further research in the scientific field.   

Conclusion 

As elaborated upon in Chapter 3, the aim of this paper is to answer the following research question:  

How does the distribution of ophthalmologist capacity within the retina specialism between the 

outpatient department and the operating room influence the number of patients that can be treated 

within their given urgency? 

An answer on this question is found by developing a LP-problem that minimizes the number of patients 

that have a delay for an operation or consult. The LP-problem is implemented in Excel and an optimal 

distribution of the ophthalmologist capacity is found with help of the Excel Solver. The optimal 

distribution results in a shorter delay for patients than when the capacity distribution of 2010 is used. If 

the capacity distribution of 2010 is used, the average delay for operations is equal to 2.63 weeks and the 

average delay for consults 2.42 weeks. When the optimal solution of the model is used, the average 

delay becomes equal to 1.43 weeks for operations and 1.99 weeks for consults. If the priority-values for 

operations and consults are changed in order to inspect their influence on the average delays, it is found 

that different priority-distributions still provide a better solution than with the capacity distribution of 

2010. If for example more priority is given to operations instead of consults, the optimal solution result 

in a delay of 0.7 weeks for operations and 2.34 weeks for consults. In conclusion, it can be seen that the 

2010 distribution of the ophthalmologist capacity is not optimal and that better distributions are 

available, opening possibilities for shorter delay times for operations and consults.   

However, the optimal solution that is found by the Excel Solver requires much flexibility of the 

ophthalmologists, because their Master Planning changes every week and because the number of 

sessions is not a rounded number. In addition, the model knew in advance the demand for the full year, 

while in reality the demand cannot be known on forehand. For that reason, different scenarios are 

worked out to approach reality and to get a better understanding of the planning and the effects of 

changing some parameters. 

Because the demand and capacity of the optimal solution was based on the demand of 2010 and the 

available capacity in 2010, it is investigated how the model behaves when the demand is distributed in 

another way and when the capacity increases. Additionally, it is investigated how the model behaves 

when patients can be operated earlier. The scenarios result in new optimal solutions which can be found 

in Figure 22 and they are compared with the optimal solution of the 2010-based model.  
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Figure 22: Results scenarios compared with optimal model 

In Figure 22 it can be seen that the delay times for consults and operations of the scenarios are both 

shorter (green boxes), both longer (red boxes) or one shorter and one longer (orange boxes) than the 

optimal solution that is found with the 2010-based model. If the demand is constant or Poisson 

distributed, there is less variance in the demand than there was in 2010 and therefore the delay time for 

operations and consults is shorter than when the data of 2010 was used. If the demand is random, 

dependent on the scale, the delay time for operations and consults can also become shorter. If the 

demand increases, the delay times for operations and consults also increase. If the demand increases 

with 10%, the delay time for operations increases with 14% and the delay time for consults with 57%. If 

the demand increases with 50%, the delay time for operations increases with 94% and the delay time for 

consults with 208%.  

Dependent on the weighting factor, the delay time for consults becomes approximately equal to zero 

after a capacity increase of 20% and the delay time for operations after a capacity increase of 40%. The 

occupancy rate for the ophthalmologists is equal to 0.93 when the capacity increases with 20% and 0.80 

when the capacity increases with 40%. The capacity can also be increased by shortening the treatment 

time. In this case, more patients can be seen per operating or outpatient department session. If 0.5 

patients more can be seen during an operating session, the delay time for consults decreases with 40% 

and the delay time for operations with 73%. Contrary to these positive effects for operating sessions, it 

can be seen in Figure 22 that increasing the number of patients that can be seen per outpatient 

department session has a negative influence on the delay times, but more patients can have a consult.  



 

Master Thesis A.C. van Ruitenburg 62 

 

 

Figure 22 also shows that the delay times remain approximately stable when patients can be operated 

earlier. Positively however, the waiting time becomes shorter. The total waiting time for operations 

decreases with 2.7% when urgency 2 patients can be operated earlier and decreases with 23.7% when 

urgency 1 patients can be operated earlier.  

In addition to operating patients earlier and increasing the capacity and demand, it is also investigated 

how the model behaves when other planning rules are used than in 2010 and when a Master Planning 

cycle is used instead of one Master Planning for the whole year. The results of these scenarios can be 

found in Figure 23 and they are compared with the results of the capacity distribution of 2010 and not 

with the optimal solution of the 2010-based model. This is because in these scenarios no optimal 

distribution of the capacity is determined by the model, but the capacity distribution is determined by 

the scenarios itself and filled in the model, as also is done with the distribution of 2010.   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 23: Results scenarios compared with data of 2010 

In Figure 23 it can be seen that all the scenarios result in shorter delay times for both consults and 

operations (green boxes) or in a shorter delay time for either operations or consults (orange boxes). In 

the current situation in the hospital, the ophthalmologists make use of a Master Planning that is used 

every week of the year. If different Master Plannings were used in different parts of the year, the delay 

times decrease. If for example five different Master Plannings are used per year, the delay time for 

operations decreases with 41.4% and the delay time for consults with 17.4% compared with the delay 
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times of the distribution of 2010 where only one Master Planning was used. In Figure 23 it can be seen 

that introducing one or two flexible ophthalmologists is not beneficial for the delay times. If a different 

Master Planning is used during the holidays and in the beginning of the year, the delay time for 

operations and consults decrease in both sub scenarios, as compared with 2010.  

When a different Master Planning is used, depending on the number of absent ophthalmologists, the 

delay time for consults decreases with 31.0% and the delay time for operations decreases with 21.7%. If 

during the holiday periods another Master Planning is used than in the other weeks, the delay time for 

consults decreases with 14.8% and the delay time for operations decreases with 39.2%.  

Additionally, it is also possible to decide at the beginning of each week how the capacity of that week 

will be distributed between the operating and outpatient department sessions. In this case the demand 

for a specific week must be estimated at the start of that week. If this scenario is used, the delay time 

for operations decreases with 38.0% and the delay time for consults decreases with 3.7% compared to 

the distribution used in 2010. Another possibility is to change some operating sessions into outpatient 

department or vice versa when the numbers of patients that have a delay for operation or consults 

reach a certain limit. Dependent on the priority that is given to operations or consults, the delay time for 

operations or consults can decrease in this way.  

All in all, this report has identified several ways to decrease delay times in the REH hospital. The optimal 

solution based on 2010-data yielded a 50% shorter delay time, while other scenarios, some of them 

being more realistic and some of them being hypothetical, decreased the delay time even more. 

Changes in distribution of capacity between the operation room and outpatient department can thus 

definitely improve patient experience and can help to provide quicker and more efficient medical 

service.  

Discussion, recommendations and further research in the REH 

This research has shown that the delay times for consults and operations can decrease in different ways. 

The question now is what the best way is to decrease the delay times for the hospital. The most efficient 

way to shorten the delay times is to increase the capacity through hiring more ophthalmologists. 

However, ophthalmologists are very scarce (Oogzorgnetwerk, 2010) and it is therefore advised to 

explore other options as well.    

The recommendations for the hospital on the short-term are:  

- Increase the number of patients per operating session: it is advised to plan more patients per 

operating sessions. The delay times for consults and operations strongly decrease when 0.5 extra 

patients are planned per operating sessions of half a day. 

- Make use of a Master Planning Cycle: it is advised to use different Master Planning’s throughout 

the year: for example one Master Planning for the first ten weeks of the year, one Master Planning 

for the holiday periods and one Master Planning for the other weeks. The shortest delay times will 

be reached when the ophthalmologists only have holiday weeks in the holiday periods.  
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- Change the term in which patients are scheduled: it is advised to the hospital to plan patients with 

urgency 1 in week 0 or 1 (instead of week 1 or 2) and patients with urgency 2 in week 1, 2, 3, 4 or 5 

(instead of week 3, 4, 5 or 6). In this case, more patients can have an operation within their urgency 

level. Of course, it must be investigated whether there is enough space in the current planning to 

do this and whether it is not conflicting with the other planning rules.  

For the long term, it is recommended that the hospital records all the delay times and how many 

patients have a delay. With help of this data, the planning system can be improved. If for example the 

delay time reaches a certain level, it can be decided that some sessions must be temporarily changed 

from outpatient to operating sessions or vice-versa.   

Additionally, it is advised to not only record the first consult or operation of the patients, but also when 

the patients arrive with a request. If this is recorded, there is a better picture of the demand pattern and 

with this information, the model can be improved. With this new demand pattern and the known delay 

terms, it could be possible to implement a planning system that decides weekly how the capacity of the 

week has to be distributed between the outpatient department and the operating rooms. Further 

research must be conducted about how the planning system must be developed in practice and how it 

should move from a theoretical model to an implemented planning system.  

In the hospital, also further research can be done to extend the model. For the model, different 

assumptions are made. It is for example assumed that the availability of the other employees and the 

availability of operating and consulting rooms are no limiting factor and there is no distinction made 

between the different types of operations and consults. Moreover, the duration of the operations is not 

considered. It is assumed that the number of patients that can be planned for a session or that can be 

seen during a session is constant. In practice however, that will not always be the case. For that reason, 

further research could be conducted that take into account the different kind of operations and consults 

along with the availability of rooms and other employees. This can be done through an actor-based 

simulation that makes use of individual patients instead of global variables. In that way, approximation 

of reality is improved upon, resulting in more reliable and more useful results.  

Further research in the scientific field 

As expressed in the introduction, the aim of this study is to investigate the possibility to improve 

efficiency through not only optimizing local resources, but optimizing the complete patient process by 

taking a more holistic view. 

The case in the REH shows that through a more holistic view the efficiency can indeed be improved. 

More specifically, another distribution of the limited ophthalmologist’s capacity between the outpatient 

department and the operating rooms results in a shorter delay time for operations and consults. It is 

therefore recommended to do some further research in which also a more holistic view is taken and the 

complete patient process and the corresponding resources are considered. In the case of the REH, only 

the ophthalmologist capacity and the patients are considered, but in further research, also other 

employees and resources can be added to the research.   
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Appendices 

Appendix 1: Disorders within retina specialism 

1.1 Retinal detachment 

The vitreous (the gel that fills the space between the lens and the retina) is attached to the retina on 

several places. It is possible that the vitreous shrinks through abnormal growth of the eye, injury or 

inflammation, but it can also occur naturally with older people. If the vitreous shrinks, the force that is 

exerted on the retina causes holes and breaks in the retina. Fluid can pass through the holes in the 

retina and separate the inner part from the outer part: the photoreceptors become loose from the 

pigment epithelium. This results in a blind spot which increases in size if the detachment extends. If 

retinal detachment is diagnosed in an early stage, it can be prevented by laser treatment. When the 

disorder is in a further stadium so that the inner part of the retina is separated from the outer part, a 

surgery is needed to reattach the inner part to the outer part (Arndt & Arndt, 2009). The types of 

operations that can be performed to achieve this reattachment are: 

- Gas injection: the retina is reattached through the inflection of gas into the vitreous cavity. If the 

retina is reattached, the break or hale can be sealed by laser treatment (Arndt & Arndt, 2009).  

- Scleral buckling: a silicone band is applied around the eye to create a dimple on the eye wall. The 

wall of the eye is moved closer to the detached retina and in this way, the hole or break is sealed. 

The movement also brings the retina closer to the vitreous and thereby reduces the force on the 

retina (Arndt & Arndt, 2009).  

- Victrectomy: first the vitreous is completely removed. Next, silicone or gas is introduced into the eye 

and the hole or break can be sealed with laser treatment (Arndt & Arndt, 2009). The gas and air 

disappear by themselves, but the oil must be removed surgically (REH, 2010). 

In most cases, one operation is enough to reattach the inner part to the outer part, but in more complex 

cases, several operations are needed. Sometimes, the operation will not be successful, because the 

vitreous shrinks continuously. This will ultimately result in blindness of the eye (Arndt & Arndt, 2009).  

1.2 Vitreous hemorrhage 

Vitreous Hemorrhage is an extravasation of blood in or around the vitreous body. This can result from a 

tear or neovascularization in the retina or a bleeding in the blood vessels (Phillpotts, Blair, & Gieser, 

2010). The Vitreous Hemorrhage can be resolved by a laser treatment or a victrectomy operation. It is 

however not necessarily bad to wait with these treatments, because the vitreous hemorrhage often 

disappears spontaneously (REH, 2010).  

1.3 Rear vitreous detachment 

Rear vitreous detachment can be seen as a kind of retinal detachment and it occurs mostly with older 

people. When people become older, the composition of the vitreous is changed which can result in a 

detachment of the vitreous of the retina. If this occurs, people will experience spots and flashes. For this 

disorder, no operation is required, because it will normally automatically go away (REH, 2010).  
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1.4 Vitreous clouding  

When people become older, the composition of the vitreous changes and clouding arise. A treatment is 

mostly not necessary, because the clouding can disappear spontaneously. A victrectomy operation will 

only be performed when the clouding does not disappear or when the patient suffers seriously from the 

clouding (REH, 2010). Through the removal of the vitreous clouding, the vision becomes better again 

(Verbraeken, 1996).  

1.5 Macular pucker 

A macular pucker is a cellular membrane that grows over the central macular region (Park, et al., 2003). 

A pucker can arise spontaneously (through trauma or retinal breaks) or after a reattachment of the 

retina (Hagler & Aturaliya, 1971). Mostly, no operation is needed, because the symptoms are not very 

disturbing. If the ophthalmologist decides that an operation is needed, a victrectomy will be performed 

(REH, 2010).  

1.6 Macular hole 

A Macular Hole is a round area in the center of the macula that causes vision loss. The enhancement of 

the closure can be reached through the removal of the internal limiting membrane (Wang, Wu, & Sheu, 

2005) 
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Appendix 2: Operating times 

Table 36: Operating times (REH, 2008)  

Code Type operation Operating time (minutes) 

ABL Ablation 70 

 Removing or installing cerclage and/or buckling 60 

GVB VOC puncture 30 

 Removing silicone oil 60 

 Vitrectomy 100 

 Vitrectomy + patch 120 

 G.V. biopsy 30 

RET Cryo peripheral retina 30 

 Removing macular pucker 60 

 Lin peeling 60 

OVG Spray antibiotics  20 
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Appendix 3: Total available capacity per week 

Table 37: Total available capacity per week 

Week A B C D E Total Laser 

General 

ophthalmic 

session 

Total available for 

outpatient 

department and 

OR Assistant 

Retina 

post 

1 8 8 8 10 7 41.00 2 2.50 36.50 3 2 

2 8 8 8 10 8 42.00 1 1.25 39.75 6 2 

3 8 8 8 10 8 42.00 2 2.50 37.50 6 2 

4 8 8 8 10 8 42.00 3 3.75 35.25 5 2 

5 5 8 8 9 8 38.00 2 2.50 33.50 2 2 

6 8 8 8 10 8 42.00 1 1.25 39.75 3 2 

7 8 8 8 10 6 40.00 3 3.75 33.25 3 2 

8 0 0 8 5 8 21.00 0 0.00 21.00 1 1 

9 8 8 8 10 8 42.00 2 2.50 37.50 0 2 

10 5 8 6 6 0 25.00 1 1.25 22.75 3 2 

11 0 8 0 5 8 21.00 1 1.25 18.75 0 2 

12 5 6 8 8 6 33.00 0 0.00 33.00 3 2 

13 8 8 8 10 8 42.00 4 5.00 33.00 3 2 

14 6 0 6 6 6 24.00 1 1.25 21.75 3 2 

15 7 8 6 9 8 38.00 2 2.50 33.50 3 2 

16 8 8 8 10 8 42.00 3 3.75 35.25 3 2 

17 7 8 4 8 5 32.00 1 1.25 29.75 1 2 

18 0 6 0 6 6 18.00 0 0.00 18.00 3 1 

19 5 0 4 5 6 20.00 2 2.50 15.50 3 2 

20 6 8 8 7 0 29.00 1 1.25 26.75 3 1 

21 6 6 5 5 0 22.00 0 0.00 22.00 0 2 

22 8 8 8 10 6 40.00 2 2.50 35.50 3 2 

23 3 7 8 10 8 36.00 2 2.50 31.50 1 2 

24 7 6 8 9 8 38.00 1 1.25 35.75 1 2 

25 9 8 4 9 8 38.00 3 3.75 31.25 0 2 

26 7.5 8 8 10 8 41.50 1 1.25 39.25 3 2 

27 4 10 0 10 8 32.00 1 1.25 29.75 2 2 

28 0 8 0 7 8 23.00 1 1.25 20.75 3 2 

29 8 0 0 7 8 23.00 1 1.25 20.75 1 2 

30 0 0 0 7 10 17.00 0 0.00 17.00 4 1 

31 9 0 5 9 6 29.00 1 1.25 26.75 5 2 

32 8 0 8 10 0 26.00 1 1.25 23.75 5 0 

33 8 8 8 0 2 26.00 1 1.25 23.75 3 2 
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34 8 8 8 0 8 32.00 3 3.75 25.25 5 2 

35 5 8 8 9 8 38.00 1 1.25 35.75 6 2 

36 8 8 7 10 8 41.00 1 1.25 38.75 6 2 

37 8 8 8 10 8 42.00 2 2.50 37.50 6 2 

38 9 6 6 9 6 36.00 0 0.00 36.00 6 2 

39 8 8 4 8 2 30.00 2 2.50 25.50 0 1 

40 6 0 7 7 6 26.00 3 3.75 19.25 4 0 

41 6 6 8 7 6 33.00 2 2.00 29.00 3 1 

42 7 7 3 9 8 34.00 0 1.00 33.00 0 2 

43 8 4 8 10 0 30.00 2 0.00 28.00 3 0 

44 0 8 8 9 0 25.00 0 0.00 25.00 3 1 

45 7 8 8 9 5 37.00 2 1.00 34.00 4 2 

46 7 8 8 9 7 39.00 1 3.00 35.00 4 2 

47 4 6 8 10 8 36.00 2 4.00 30.00 4 1 

48 5 8 8 8 8 37.00 1 3.00 33.00 4 2 

49 7 7 5.2 8 7 34.20 2 1.00 31.20 4 2 

50 7 7 8 9 8 39.00 2 2.00 35.00 4 2 

51 7 4 7 9 7 34.00 1 3.00 30.00 4 2 

52 7 5 0 0 8 20.00 1 0.00 19.00 2 2 

Total 319.5 325 319.2 417.00 328 1708.70 75 93.75 1539.95 160 90 
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Appendix 4: Types consults outpatient department 

Table 38: Types consults outpatient department 

Patient code Description Total (with no-show) 

AIOB AIO assessment 11 

ALC General control patient 85 

ALN General new patient 225 

DIPO Diabetes retina post-operative 2 

DIRC Diabetes retina control patient 332 

DIRN Diabetes retina new patient 1 

DIVC Diabetes vessels control patient 2 

REC Retina control patient  6172 

REN Retina new patient 625 

REPO Retina post-operative 4348 

RESO Retina second opinion 266 

RETP Retina post 764 

RETV Retina tertiary reference 357 

RSCR Retina screening 367 

SNPA Acute new patient 56 

 Total 12849 
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Appendix 5: New demand 2010 

Table 39: New demand 2010 

Wk Repeat OR 

demand 

(patients) 

New OR 

demand 

(patients) 

Repeat 

OD 

demand 

(patients)  

New OD 

demand 

(patients) 

Wk Repeat 

OR 

demand 

(patients) 

New OR 

demand 

(patients) 

Repeat 

OD 

demand 

(patients)  

New OD 

demand 

(patients) 

1 27 13 123 95 27 1 12 6 53 

2 19 18 159 139 28 0 10 14 63 

3 24 10 120 118 29 0 15 9 60 

4 12 14 97 103 30 2 14 9 40 

5 7 18 49 112 31 0 14 12 87 

6 11 15 57 151 32 3 15 18 65 

7 11 13 39 119 33 0 11 34 116 

8 7 15 33 61 34 0 12 34 98 

9 9 18 50 114 35 0 14 34 134 

10 7 12 39 76 36 1 12 15 101 

11 2 13 39 45 37 0 8 27 106 

12 3 17 35 111 38 0 20 31 82 

13 5 15 25 120 39 0 11 16 32 

14 2 10 37 83 40 0 18 5 18 

15 2 14 35 112 41 0 14 17 41 

16 1 15 34 113 42 0 13 27 66 

17 0 15 30 88 43 1 16 10 43 

18 0 13 6 36 44 0 8 24 31 

19 0 14 8 54 45 0 14 33 75 

20 0 15 19 80 46 0 9 42 90 

21 1 13 12 65 47 2 9 21 57 

22 0 18 25 110 48 0 9 34 69 

23 2 10 24 69 49 0 10 30 66 

24 0 11 25 76 50 0 16 30 67 

25 0 17 16 110 51 0 11 23 57 

26 1 11 25 95 52 0 7 25 34 

     Sum 163 689 1741 4206 
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Appendix 6: List of variables 

 

- ?E8 � assistant capacity in week w 

- ?7@8 � ophthalmologists capacity available for outpatient department and operations at week w 

- 676C8 � decided number of sessions at the outpatient department in week w  

- 676CC8 � decided number of supervision sessions at the outpatient department in week w  

- 679C8 � decided number of operating room sessions in week w  

- B8 � number of general outpatient department sessions in week w 

- A8 � number of laser sessions in week w 

- 56768 � new demand at outpatient department in week w 

- 56798 � new demand at operating room in week w 

- 76CD � number of supervision sessions in period t 

- ;768 � total number of patients in the delay list for a consult in week w 

- ;76<,8 � number of patients that is waiting for a consult in week w with urgency p 

- ;798 � total number of patients in the delay list for an operation in week w 

- ;79>,8 � number of patients that is waiting for an operation in week w with urgency u  

- 96768 � repeat demand at outpatient department in week w 

- 96798 � repeat demand at operating room in week w 

- 9@8 � number of retina post sessions in week w 

- CKHJ,� � number of patients per session at the general ophthalmic outpatient department, i = 0,1 

- CHI,� � number of patients per session at the outpatient department, i = 0,1 

- CHIJ,� � number of patients per supervision session at the outpatient department, i = 0,1 

- CHF � number of patients per operating session 

- CFG,� � number of patients per session at the retina post, i = 0,1 

- 4 = period, t = 1,2,…,13 

- :?7@8 � total ophthalmologists capacity in week w 

- :6768 � total demand at outpatient department in week w 

- :6798 � total demand at operating room in week w 

- :768 � number of patients that had a consult on the outpatient department in week w 

- :798 � number of patients that had an operation in week w 

- :@768 �number of patients that is planned for a consult on the outpatient department 

- w = week, w = 1,2,…,52 
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Appendix 7: Variables with unit 

 

Table 40: Variables with unit 

  Variable Unit 

Demand NDODw Patients/Week 

 NDORw Patients/Week 

  RDODw Patients/Week 

 RDORw Patients/Week 

  TDODw Patients/Week 

  TDORw Patients/Week 

  QODw Patients/Week 

  QODp,w Patients/Week 

  QORw Patients/Week 

  QORu,w Patients/Week 

Capacity TCOPw Sessions/week 

  Lw Sessions/week 

  Gw Sessions/week 

  COPw Sessions/week 

  ODSt Sessions/period 

  RPw Sessions/week 

  Caw Sessions/week 

  Srp Patients/Session 

  Sod Patients/Session 

  Sods Patients/Session 

  Sgos Patients/Session 

  Sor Patients/Session 

Decisions DORSw Sessions/week 

  DODSw Sessions/week 

  DODSSw Sessions/week 

Results TODw Patients/week 

  TORw Patients/week 
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Appendix 8: Sessions of 2010 

Table 41: Sessions of 2010 

Week 

Number of OR-

sessions 

Number of OD-

sessions 

Number of OD-

supervision-sessions 

1 17 9 8 

2 18 11 8 

3 18 9 8 

4 18 10 8 

5 16 7 8 

6 18 10 8 

7 16 7 8 

8 12 6 4 

9 18 7 8 

10 13 6 6 

11 10 8 6 

12 16 6 6 

13 18 7 8 

14 12 6 7 

15 18 9 7 

16 18 11 7 

17 14 8 6 

18 7 4 3 

19 6 4 6 

20 14 5 7 

21 11 7 6 

22 18 8 10 

23 16 4 7 

24 18 7 8 

25 18 9 6 

26 15.5 7 9 

27 16 6 4 

28 10 8 4 

29 9 7 3 

30 8 5 5 

31 10 7 7 

32 10 7 7 

33 15 8 7 

34 16 8 9 

35 14 10 8 

36 15 7 10 
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37 16 8 10 

38 12 3 9 

39 14 6 4 

40 13 2 3 

41 16 8 4 

42 19 2 10 

43 18 6 4 

44 17 7 3 

45 19 8 8 

46 18 6 10 

47 18 6 7 

48 16 8 8 

49 15 8 9 

50 16 7 8 

51 10 4 11 

52 10 1 5 

Total 763.5 355 360 
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Appendix 9: Screenshot model 

Table 42: Screenshot 1 
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Table 43: Screenshot 2 

 

  



 

Master Thesis A.C. van Ruitenburg 81 

 

 

Appendix 10: Decided distribution by excel solver 

Table 44: Decided distribution by excel solver (x = 0.73. QOD0=306.56 and QOR0 = 39.58) 

Week DODSw DODSSw DORSw Week DODSw DODSSw DORSw 

1 9.97 0.00 26.53 27 0.00 13.09 16.66 

2 17.76 4.55 17.44 28 0.00 5.98 14.77 

3 0.00 15.18 22.32 29 8.61 0.00 12.14 

4 0.00 14.27 20.98 30 5.80 0.00 11.20 

5 14.85 0.00 18.65 31 4.41 11.04 11.30 

6 8.86 11.47 19.42 32 0.00 9.96 13.79 

7 0.00 13.53 19.72 33 11.28 0.00 12.47 

8 0.00 5.00 16.00 34 13.19 0.00 12.06 

9 19.14 0.00 18.36 35 15.81 5.25 14.69 

10 3.10 5.14 14.51 36 0.00 28.75 10.00 

11 0.00 5.00 13.75 37 27.50 0.00 10.00 

12 0.00 19.86 13.14 38 25.75 0.25 10.00 

13 17.48 0.00 15.52 39 0.00 15.50 10.00 

14 6.32 0.00 15.43 40 0.00 9.25 10.00 

15 10.86 7.78 14.85 41 19.00 0.00 10.00 

16 0.00 20.22 15.03 42 23.00 0.00 10.00 

17 12.51 0.00 17.24 43 8.00 10.00 10.00 

18 1.44 3.56 13.00 44 0.00 15.00 10.00 

19 0.00 5.00 10.50 45 24.00 0.00 10.00 

20 0.00 14.44 12.31 46 23.32 0.00 11.68 

21 10.27 0.00 11.73 47 5.33 10.34 14.33 

22 20.38 0.00 15.12 48 0.00 16.66 16.34 

23 4.51 12.32 14.66 49 2.84 15.78 12.58 

24 0.00 19.68 16.07 50 0.00 9.22 25.78 

25 14.23 0.00 17.02 51 0.00 5.00 25.00 

26 18.41 4.92 15.92 52 0.00 5.00 14.00 

 Total 407.94 368 764.01 
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