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Executive summary 

 

This research is performed at the Catharina Hospital Eindhoven (CZE), located in Eindhoven. CZE is one 

of the largest non-academic teaching hospitals of the Netherlands which serves a large population of 

people in the south-east of the Netherlands. The scope of the research is the Pre-operative assessment 

clinic (PPOS) which is the main clinic that is involved in the pre-operative process. The pre-operative 

process includes a consult with the specialist, intake, pre-operative screening, planning, and the admission 

of the surgery. However, not all pre-operative assessments are performed at the PPOS. At the PPOS 

patients have an intake by a nurse when necessary and they are screened by a screening physician (basic 

physician or anesthesiologist), to ensure that the correct type of anesthesia will be used during operation. 

The intake and screening are part of the pre-operative process which starts at the moment in which the 

specialist decides that surgery is necessary and ends when the screening is performed correctly and 

operation can take place.  

 

Pre-operative assessment clinic 
A patient referred by his general practitioner will have the first appointment at a policlinic where a 

specialist diagnoses the patient and decides whether surgery is necessary. Before August 2010, the intakes 

by a nurse were performed at the same policlinic where the specialist diagnoses the patient. From August 

2010, the patient will be directly referred to the PPOS when the specialist decides that surgery is 

necessary, at which the intake if required and screening take place. 

All patients that arrive at the PPOS will be screened at the same arrival day unless the patient prefers to 

have an appointment. The walk-in patients that prefer to have an appointment go home and come back 

soon after. At the PPOS a policlinic employee admits the patient to the system by registering the arrival 

time. Before the preanaesthesia assessments take place a pre-operative screening questionnaire has to be 

filled in at the computer. The policlinic employee decides whether the patient is able to fill in this 

questionnaire alone or together with one of the nurses. Moreover, it is decided which questionnaire(s) has 

to be filled in by the patient and which routing the patient will follow at the PPOS. This is because all 

children younger than 17 years old and outpatients
1
  of 17 years and older only have to fill in the pre-

operative questionnaire, while inpatients
2
 of 17 years and older also have to fill in an additional (nursing) 

questionnaire. The inpatients go directly to the nurse to fill in both questionnaires together with the nurse. 

During the intake the postoperative matters with the patient would be discussed, such as home care. Next 

to this, the nurses see 22 % of the children and outpatients since they need assistance by filling in the pre-

operative questionnaire. The anesthesia will be discussed during the screening and when necessary the 

screening physician proposes additional consults. When the consults have been performed and the results 

are available the anesthesiologist decides whether the screening is correct such that the patient can be 

approved for surgery. 

 

Problem Situation 
In 1998, only a few policlinics referred their patients to the PPOS for screening. Since 2005, the PPOS 

receives patients from almost all specialty departments. Therefore, in 2005 a study was performed in 

which the task durations were examined such that the PPOS obtained a better insight in the capacity 

requirements and opportunities to organize the PPOS efficiently. Since 2005, the capacity to screen those 

patients has never been adapted, while the number of screened patients has increased. As a result, the 

PPOS staff has to screen more patients in a shorter time frame which results in higher workload peaks for 

the staff and increased patients’ waiting time and throughput time. Therefore, Catharina Hospital has 

reorganized the pre-operative process and implemented in August 2010.  

 

                                                      
1
 Patients that are expected to not require an overnight stay after surgery 

2
 Patients that are expected to require at least one overnight stay after surgery 
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Assignment 
The situation since August 2010 was constructed without examining how the appointment system and 

capacity planning affects patients’ waiting time and workload for staff. In order to have insight in which 

redesign will be the best to attain an optimal pre-operative screening, the assignment was formulated by 

the company supervisors Mr. J. van Aarle and Ms. L. Claes as follows: 

 

Investigate how, how much, and when the PPOS capacity should be scheduled in the proposed situation 

such that performance will be enhanced. Insight has to be given in the performance resulting from the 

proposed scheduling system and several scenarios to improve the performance of the PPOS. When 

evaluating the scenarios, attention has to be paid to using timeslots in order to plan patients, and getting 

insight in the variability of the assessment durations. 

 

Performance is defined as patients’ waiting time and throughput time, and the cost of scheduling 

screening physicians, nurses, and policlinic employees. The PPOS wants to minimize the throughput time 

and waiting time for patients while keeping cost as low as possible. 

 

Problem Definition 
The most optimal decisions regarding the appointment system of the PPOS have not been investigated 

until now. Moreover, the PPOS sees 95 % of all patients on walk-in basis and strives to see all patients on 

walk-in basis such that the pre-operative process will be characterized as a one-stop-shop process. Until 

now, the PPOS has no insight in the most ideal division between walk-in and appointment patients which 

enhances the PPOS performance. This results in the first research question: 

 

Question 1: Which appointment scheduling system is the best to enhance the PPOS performance? 

 

On the other hand, the PPOS performance is affected by the availability and flexibility of the PPOS 

capacity. To give insight in how, how much, and when the PPOS capacity should be scheduled such that 

performance will be enhanced the second research question is formulated as: 

 
Question 2: Which capacity scheduling rule is the best to enhance the PPOS performance? 

 

Since, the performance of the PPOS depends on matching demand with capacity; it has to be examined 

which combination of appointment systems and capacity scheduling rules is the best. Furthermore, insight 

in the scheduling cost of resources for each scenario is required to consider which redesign will be the 

best for the PPOS. Therefore, the last research question is formulated as follows: 

 

Question 3: How, how much and when should the PPOS capacity and patients be scheduled such that the 

performance is enhanced while keeping cost as low as possible? 

 

Method of investigation 
In order to give answer to the first research question a number of appointment systems have been 

investigated. The performance of the (non-) appointment system in which all patients are seen on walk-in 

basis is defined as the first scenario. The most appropriate patient classification was defined by a detailed 

analysis on patient types and characteristics, arrival pattern and task durations and used for the first 

scenario. From this, the capacity requirements for the first scenario are determined by taking the waiting 

time and throughput time requirements into account and using a Multi-Class Open Queuing Network 

Model. Next to this, a simulation study gave insight in patients’ waiting time, patients’ throughput time, 

and resource cost. Moreover, patient classification is taken into account to investigating the effect of 

using patient classification in order to plan patients during low walk-in hours. To answer the second 

question, a number of capacity scheduling rules and their performances are evaluated. It is assumed that 
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capacity can be changed at an hourly base. For the third research question insight is given in the cost of 

scheduling resources for the different scenarios. For all scenarios capacity schedules are created by using 

the approximation model. These schedules are tested by using the simulation model to see whether they 

meet the performance requirements and when necessary adjusted afterwards depending on the simulation 

results. 

 

Conclusions and recommendations 
18 scenarios have been developed to examine how, how much, and when capacity should be scheduled 

for different appointment systems while minimizing throughput time (less than 60.0 minutes) and waiting 

time (less than 7.5 minutes) for patients and keeping cost as low as possible. From the scenario results it 

can be concluded that: 

• Scheduling a varying number of resources throughout the day and week keeps cost and workload 

peaks for PPOS staff as low as possible while meeting the performance measures. 

• Patients’ waiting time and workload of PPOS staff during busy hours can be reduced by creating 

temporary extra capacity. However, this alteration seems to be impractical since resources 

immediately have to serve patients when numerous patients are waiting. 

• Scheduling appointments during low walk-in hours reduces throughput time, waiting time, 

workload peaks for PPOS staff and resource cost. The mixed system in which 10 % of the 

patients will be seen on appointment reduces salary cost by 1.94 %, while meeting all 

performance requirements.  

• Increasing the number of appointment patients enhances the performance of the PPOS or reduces 

salary cost, while a complete scheduled system causes some disadvantages. This is because 

Catharina Hospital may lose patients due to using a scheduled system since these patients feel 

bothered when they have to come back another day for the assessments.  

• Scheduling cost can be further reduced with scenarios in which only the throughput time 

requirement defined by the PPOS is taken into account. When 10 % of the patients will be seen 

on appointment during low walk-in hours salary costs will be reduced by 8.80 %. 

• Referring a part of the inpatients to a computer before going to the intake reduces workload for 

nurses. However, higher fluctuation between the patients that go directly to a computer or go to 

the nurse can be seen within all patient classes. Therefore, this alternative is less desirable to 

implement since the PPOS staff want to give each patient the same quality of service. 

 

Moreover, the following recommendations for the PPOS have been formulated: 

• Control the number of patient arrivals by giving patients appointments during low walk-in hours. 

• Control demand and supply during high walk-in hours. It is recommended to use a varying 

number of resources per weekday and hour and to control demand by implementing a mixed 

system with 10 % appointment patients. 

• Analyze patients’ arrival pattern at the PPOS after implementation of the new pre-operative 

process. The arrival pattern is expected to have a small change because the nurse intake will be 

performed at the PPOS instead of doing this at the referring policlinic. It is desirable to analyze 

whether the arrival pattern has changed after implementation and when necessary to make small 

adjustments to the capacity planning systems which are created. 

• Review the tasks of the PPOS staff members. The way in which tasks are performed influences 

the capacity planning and quality of intakes and screening. At this moment there are different 

views about who is able to perform the intake or approve patients for surgery. Therefore, it is 

strongly recommended to furthermore improve the performance of the PPOS by reviewing the 

tasks of the PPOS staff members. 
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The following recommendations regarding the total pre-operative process at Catharina Hospital have been 

formulated: 

• Implement an aggregate planning system between all policlinics which are involved in the pre-

operative process. In order to achieve the goal of having a pre-operative screening process that is 

characterized by timely screening, effectiveness, and efficiency it is necessary that all policlinics 

organize their planning system in such a way that the different visits to the policlinics will be 

geared to one another. With an integral planning system, the shortest routing (related to waiting 

time) between the remaining policlinics after the referral moment by the specialist can be defined. 

• Control the number of patient arrivals by making agreements with policlinics that refer patients to 

the PPOS. It is advised that referring policlinics give patients an appointment when it is not likely 

that all assessments will be performed within the arrival day. Furthermore, agreements should be 

made with policlinics that send a high number of patients to the PPOS about how much, when 

and which patients should be referred to the PPOS. When doing this it is advisable to make a 

selection between patients that are preferable to be referred during high walk-in hours to come 

back on appointment and patients who are preferred to be seen at the day of arrival. This selection 

should be based on age and type of surgery, while taking exceptions such as emergency patients 

into account. Moreover, agreements should be made about when lunch breaks and consults with 

the specialist at the referring policlinics should be scheduled in order to decrease the workload 

peaks for PPOS staff. 

 

As recommendations for the Catharina Hospital can be made, there are many directions for further 

research in the scientific field. In order to generalize findings, further research could focus on the 

evaluation of appointment systems and capacity planning systems used in other pre-operative assessment 

clinics. Next to this, to improve the total pre-operative process of Hospitals further research is required 

which focus on the implementation and evaluation of an aggregate planning system between all 

policlinics which are involved in the pre-operative process.    
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Abbreviations and terminology 

 

ASA Score 
A six category physical status classification system for assessing a patient before surgery, established in 

1963 by the American Society of Anesthesiologists (2002). The descriptions of these categories can be 

seen in Table 2. 

 

CPN tools 
A high level petri net tool which can be used for editing, simulating and analyzing coloured petri nets. 

Coloured petri nets is a graphical oriented language for design, specification, simulation and verification 

of systems.  

 

CZE 
Catharina Ziekenhuis Eindhoven (CZE) is the hospital in which the PPOS, the clinic under study, is 

situated. 

 

ECG 
Electrocardiogram produced by and electrocardiograph, which records the electrical activity of the heart 

over time. 

 

EZIS 
The Elektronisch Zorg Informatie Systeem (EZIS) allows the CZE to electronically maintain all patient 

information and make appointments. 

 

IGZ 
The Inspection of Healthcare (IGZ) is an organization that supervises and advises about the quality and 

accessibility of health care in the Netherlands. 

 

Inpatients 
Patients older than 16 years that are expected to require at least one overnight stay after surgery. 

 

LOS 
Mean Length Of Stay (LOS) is defined as the total duration a patient is present at the PPOS 

 

Outpatients 
Patients older than 16 years that are expected to not require an overnight stay after surgery 

 

PPOS 
The Polikliniek Pre-Operatieve Screening (PPOS) is the scope of the research. It is the main clinic that is 

involved in the pre-operative process. At this department patients are screened to ensure that the correct 

type of anesthesia will be used during operation.  

 

PEC 
Preanaesthesia Evaluation Clinic (PEC) is another definition of a PPOS. Also see: PPOS. 

 

Triage 
A quick scan of patient’s physical condition and experience with computers in order to determine the 

routing at the PPOS. 
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List of symbols 

 

Symbol  Definition ��  Effective capacity of station i ��,�  Effective capacity of station i for hour t ����,��   Mean number of patients waiting at station i for hour t ���	�,��  Mean number of patients waiting at station i for hour t after correction ����
 �   Mean total number of patients waiting at the PPOS for hour t 

E(S�)  Mean average service time at station i 

E(S�,�)  Mean service time of patient class r at station i ��	�,��  Mean length of stay for class r for hour t �����  Mean waiting time at station i ����,��  Mean waiting time at station i for hour t ���
��  Mean waiting time at station i after correction ���
�,��  Mean waiting time at station i for hour t after correction ���
�,�� Mean total waiting time for class r for hour t 

FTE  Full Time Equivalent ��  Aggregated arrival rate at station i ��,�  Aggregated arrival rate at station i for hour t �    Total number of patients η�   Arrival rate for patient class r ��  Aggregated utilization rates at station i ��,�  Utilization rate for class r at station i SCV�,�   Squared coefficient of variation of arrivals at station i SCV�,�,�   Squared coefficient of variation of arrivals for patient class r at station i SCV�,�   Squared coefficient of variation of departure process at station i ���,�   Squared coefficient of variation of the service time at station i SCV�,�,�   Squared coefficient of variation of the service time of patient class r at station i 

SD  Standard Deviation ��  Number of available staff members at station i ��,�  Number of available staff members at station i for hour t 
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1 Introduction 

 

This introduction provides information about the research environment, problem situation and the 

assignment of this research project. Moreover, the outline of the report is given in the last section.  

 

1.1 Catharina Hospital 

The research is carried out at the Catharina Hospital Eindhoven (CZE), located in Eindhoven. The 

hospital is one of the largest non-academic teaching hospitals of the Netherlands and serves a large 

population of people in the south-east of the Netherlands. It has about 3,150 employees of which 145 are 

medical specialists who cover 33 specialisms. There are 696 beds and yearly 27,000 in-patients and 

26,000 day patients are admitted to the hospital, and there about 420,000 visits to the policlinics. 

Furthermore, the yearly turnover is about 250 million Euros (www.cze.nl, June 2008). In Appendix I the 

organizational chart of the hospital can be seen. 

 

1.2 Pre-operative assessment clinic 

The scope of the research is the Pre-operative assessment clinic (PPOS) which is the main clinic that is 

involved in the pre-operative process. The pre-operative process involves a consult with the specialist, 

intake by a nurse, the pre-operative screening, planning, and the admission of the surgery. However, not 

all pre-operative assessments are performed at the PPOS. Since 1998, CZE organizes the pre-operative 

screening for surgical patients at the PPOS. This preanaesthesia clinic is part of the function group 

“Anesthesie” which is shown in Appendix I. At this department patients are screened by the 

anesthesiologist, to ensure that the correct type of anesthesia will be used during operation. This screening 

is part of the pre-operative process that starts at the moment in which the specialist decides that surgery is 

necessary and ends when the screening is performed correctly and operation can take place.  

A patient who is referred by his general practitioner to the CZE will have the first appointment at the 

policlinic, where a specialist diagnoses the patient and decides whether surgery is necessary. In the 

process before August 2010 there were three possible situations when a patient needed surgery: 

• The patient had the intake by the nurse directly after the consult with the specialist at the 

policlinic. After this, the patient went directly to the PPOS for screening. 

• The patient went directly to the PPOS for screening and had the intake by the nurse during 

another appointment which was made at the policlinic. 

• The patient went home and had the intake by the nurse during their second appointment at the 

policlinic. After this, the patient went directly to the PPOS for screening. 

 

The location at which the nurse intake was performed depended on the type of surgery and the 

organization at the policlinic. In the past, some policlinics had created a special intake policlinic at their 

own department at which the patients were seen by a nurse. However, when patients need a small surgery 

they were seen at the intake policlinic of the nursing department. Moreover, not all policlinics had their 

own intake policlinic, such that those patients were also seen at the intake policlinic of the nursing 

department. During the intake the postoperative matters with the patient would be discussed, such as 

home care.   

 

When the patient arrives at the PPOS he can choose to have the screening at the day of arrival or if he 

prefers to go home, an appointment will be made for the next visit. The objective of the screening is to 

obtain a thorough understanding of the physical condition of the patient. During the screening the 

anesthesia will be discussed and if necessary the anesthesiologist proposes additional consults to decrease 

the risk of surgery. When the consults have been performed and the results are available the 
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anesthesiologist decides whether the screening is correct such that the patient can be approved for surgery. 

After the approval the patient will be informed about the surgery date. A screening is valid for all 

surgeries performed within six months. At the day of surgery the patient will be seen at a nursing 

department before he goes to the operation room. Figure 1 shows the pre-operative process in relation to 

the other hospital departments before and after August 2010. 

 

 
Figure 1: Pre-operative process in relation to other departments
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1.3 Problem Situation  

In 1998, only a few policlinics referred their patients to the PPOS for screening. The capacity of the PPOS 

was based on a random number without reasoning or calculations. Since 2005, the PPOS receives patients 

from almost all specialty departments. As a result, the staff working at the PPOS experienced a higher 

workload and a high amount of sick leave was registered. Therefore, in 2005 a study was performed in 

which the task durations were examined such that the PPOS obtained a better insight in the capacity 

requirements and identified opportunities to organize the PPOS efficiently. 

 

In Table 1 it can be seen that from 2006 till 2009 the number of screened patients has increased due to the 

increased total production of the hospital. The number of screened patients is not necessarily equal to the 

number of surgeries performed per year. This is because some patients choose another hospital after 

screening, patients are screened for a second time since the planned operation date is too late, or other 

personal reasons. On the other hand, sometimes patients undergo only one screening for multiple 

surgeries. 

 
Table 1: Total number of screened patients and surgeries per year

4
 

Year # screened patients at PPOS % increase  # of surgeries % increase  

2006 16,118   14,778  

2007 16,830 4.4 15,941 7.9 

2008 17,671 5.0 16,405 2.9 

2009 19,159 8.4 17,577 7.1 

                                                      
3
 Source: L. Claes, Kwaliteit en Veiligheid, Catharina Hospital 

4
 Source: EZIS, Catharina Hospital 
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Since 2005, the capacity to screen those patients has never been adapted. Next to this, the report published 

by The Inspection of Healthcare (IGZ) in February 2007, which is based on 94 Dutch Hospitals, shows 

that there are still many calamities in the operative process. Those calamities are mainly a result of the 

information stream and transfer of information between care providers due to flaws in the pre-operative 

process. The main findings of the report are: 

• Standardization of the procedures involved in the provision of information is little or not 

available 

• Transfer of information is inefficient and full cooperation between all care providers does not 

exist 

• Communication with the patient is too limited and inadequately reported in the medical file 

• The way in which medical files are completed and the related reporting procedures are 

extremely diverse and incomplete 

• Early planning of the date of surgery on the part of the treatment team reduces the complexity 

of the process and offers immediate clarity with regard to logistics 

 

Furthermore, in the report it is mentioned that waiting lists for surgery are decreasing due to optimization 

of the surgical processes. As a result, pre-operative assessment clinics have to screen more patients in a 

shorter time frame which results in higher workload peaks for the staff. This IGZ-report and the perceived 

increasing waiting time for patients and increasing workload peaks for the PPOS staff, forced the 

Catharina Hospital to reorganize the pre-operative process.  The goal they want to achieve with this 

reorganization is: 

 

An optimal pre-operative screening, which will be performed in a standardized way, which is part of the 

operating planning chain and in which for each patient category suitable care will be delivered. The pre-

operative process is characterized by safety, timely screening, effectiveness, efficiency, and equality in 

which the patient has a central role. 

 

Next to this goal, the Catharina Hospital formulated the following requirements and restrictions: 

• The anesthesiologist has the central responsibility during the pre-operative process 

• All patient information is registered at one place in one electronic patient record 

• The anesthesiologist has insight in all relevant patient information such that a correct anesthesia 

can be used during surgery 

• The final surgery date is communicated to the patient when the screening is approved by the 

anesthesiologist 

• The PPOS is a walk-in policlinic, unless the patient prefers to have an appointment 

• The intake by the nurse will be performed at the PPOS instead of doing this at the referring 

policlinic or at the day of surgery such that patients’ throughput time will be reduced 

• The pre-operative screening is characterized as an one-stop-shop process, such that the number of 

patients’ visits to the Catharina Hospital will be reduced 

 

In order to achieve this goal in which the above requirements and restrictions are taken into account, a 

proposed situation of the PPOS is sketched. Currently, the proposed redesign is implemented in August 

2010.  

 

1.4 Assignment 

The proposed redesign was constructed without examining how the appointment system and capacity 

planning affects patients’ waiting time and workload for staff. In order to have insight in which redesign 

will be the best to attain an optimal pre-operative screening, the assignment was formulated by the 

company supervisors Mr. J. van Aarle and Ms. L. Claes as follows: 
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Investigate how, how much, and when the PPOS capacity should be scheduled in the proposed situation 

such that performance will be enhanced. Insight has to be given in the performance resulting from the 

proposed scheduling system and several scenarios to improve the performance of the PPOS. When 

evaluating the scenarios, attention has to be paid to using timeslots in order to plan patients, and getting 

insight in the variability of the assessment durations. 

 

Performance is defined as patients’ waiting time and throughput time, and the cost of scheduling 

screening physicians, nurses, and policlinic employees. The PPOS wants to minimize the throughput time 

and waiting time for patients while keeping cost as low as possible. 

 

1.5 Report outline 

The remainder of this thesis is structured as follows. In Chapter 2 the academic literature that is relevant 

for this thesis will be discussed. Chapter 3 presents an overview of the pre-operative process that is 

implemented in August 2010. From this overview and the literature review the research problem is 

defined in Chapter 4. Chapter 5 includes a data analysis, and together with the queuing model the capacity 

requirements are calculated for the base scenario in Chapter 6. From this, a simulation model is 

constructed and described in Chapter 7. The scenario analysis and results can be read in Chapter 8. And 

finally, the conclusions and recommendations are written in Chapter 9. An overview of the structure of 

this report can be seen in Figure 2. 

 

 
Figure 2: Report outline 

 

In this report the terms pre-operative and preanaesthesia are used interchangeably.  
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2 Literature review 

 

This section reviews the academic literature for this project. To get a basic understanding of 

preanaesthesia assessments and the clinic, the concept of preanaesthesia and the assessments that will be 

performed during preanaesthesia will be described. The question from the hospital concerned the insight 

in several scenarios how to organize the clinic more efficient. Therefore, articles are collected which 

evaluate how current preanaesthesia clinics are organized and scheduling interventions are discussed. 

During the literature study it became clear that no uniformity exists in the way how the clinic should be 

organized (Edward et al., 2008). Moreover, little research on designing appointment systems for a 

preanaesthesia clinic has been performed (Edward et al., 2008). However, the preanaesthesia evaluation 

clinic is comparable with other clinics that consult different patient classes, have walk-in patients, and 

multiple care providers. Therefore, articles which describe the appointment systems of those clinical 

environments are discussed in the last paragraphs.  

 

2.1 Preanaesthesia 

The goal of preanaesthesia is to minimize the potential risks when the human body is subjected to 

anesthesia and a surgical procedure, by providing the safest care available for the patient (Cassidy and 

Marley, 1996). A standard definition of preanaesthesia evaluation does not exist in literature. However, 

preanaesthesia evaluation is formulated by the American Society of Anesthesiologists (2002) as “the 

process of clinical assessment that precedes the delivery of anesthesia care for surgery and for nonsurgical 

procedures”. The process involves multiple professionals such as, anesthesiology, nursing, different 

surgical specialties, laboratory medicine, cardiology or radiology (Solca, 2006). During the process, the 

anesthesiologist is responsible for selecting necessary consults and the evaluation of information from 

multiple resources such that the safest care will be used during surgery. 

The preanaesthesia evaluation should include a patient interview, physical examination of the patient 

including an assessment of the airway, heart and lungs, a review of patient’s medical records, pre-

operative tests when indicated, and other consults when necessary (American Society of 

Anesthesiologists, 2002). Furthermore, surgical and anaesthesia problems have to be discussed and a 

detailed account of current medication must be available at a minimum for a sufficient evaluation (Lew et 

al., 2004). With the pre-operative tests diseases or disorders that may influence the anesthesia can be 

identified and already known diseases that may have effect can be verified. According to the test results, 

other or alternative anesthesia plans can be formulated when necessary. 

 

2.2 Preanaesthesia evaluation clinic 

The increasing number of ambulatory and same-day admission surgery together with the rising health 

care cost have shifted the preanaesthesia evaluation paradigm from an inpatient to an outpatient basis 

around 1980 (Lew et al., 2004). Ideally, each hospital should have a preanaesthesia evaluation clinic 

(PEC) such that the evaluation will be cost-effective and efficient (Cassidy and Marle, 1996), (Lew et al., 

2004). Research shows that performing the preoperative assessment at the PEC improves the cost-

efficiency of the hospital (Fischer, 1996).  

At the moment, a PEC has been implemented in most major hospitals (Edward et al. 2008). Although the 

benefits of implementing a PEC are recognized, still limited research is available showing the overall use 

and effectiveness (Holt et al., 2007). Ferschl et al. (2005) conclude that a PEC plays a significant role in 

reducing operating room cancellations and case delays on the day of surgery for outpatients. Moreover, 

Fischer (1996) demonstrated an 87.9 % reduction in the day-of-surgery cancellations in the year after 

implementing the PEC in the Stanford University Medical Center. While, Holt et al. (2007) conclude that 

the day-of-surgery delays remain relatively common despite preanaesthesia evaluation because of failures 
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in information transfers and lack of consensus on criteria for surgical readiness. Besides the discussion of 

the benefits of implementing a PEC, there is no uniform way in which preanaesthesia evaluation is 

organized (Edward et al., 2008). In the remainder of this section the topics of timely screening, personnel, 

preoperative tests, and patient classification will be discussed. 

 

2.2.1 Timely screening 

When organizing a PEC, it is possible to screen patients timely before the day of surgery such that the 

patient will be properly prepared for surgery (Cassidy and Marle, 1996). However, this is not always the 

case, since the evaluation takes place from thirty days to two days (Lew et al., 2004) or even on the day of 

surgery (American Society of Anesthesiologists, 2002). The moment of evaluation is influenced by 

factors such as patient demographics, clinical conditions, type of practice, and availability of resources 

(Lew et al. 2004). In literature there is no strong evidence on the optimal timing. According to the 

research of Pollard et al. (1999) the operation room cancellation rate of outpatients is similar when 

evaluating patients 2-30 days or 24 h before surgery. Although the research shows the same cancellation 

rates, it is advised to plan evaluations at a moment that is convenient for the patient and efficient for the 

facility (Pollard et al. 1999). 

 

2.2.2 Personnel 

The comparison of the organization of eight university hospitals shows that the number and types of 

professionals working at a PEC varies for each hospital (Edward et al., 2008). The staff includes at a 

minimum an anesthesiologist and resident physicians. The anesthesiologist may have a shorter mean 

consultation time than residents (Dexter, 1999). Furthermore, the preoperative assessment can be 

performed by nurse practitioners (NP) or physician assistants (PA) under supervision of the 

anesthesiologist. In a few hospitals nurses and doctor’s assistants work at the PEC to assist the NPs and 

PAs. Scheduling patients among the multiple care providers and additional administrative tasks are 

performed by clerks in five of the hospitals evaluated by Edward et al. (2008). A trend towards 

anesthesiologist-directed, nurse-led pre-anesthesia is seen by Lew et al. (2004). This is mainly driven by 

cost effectiveness. However, to enhance the assessment quality of the PEC, a differentiation should be 

made between types of staff performing the assessment (Edward et al., 2008). 

 

2.2.3 Preoperative tests 

The costs of preanaesthesia tests are high (Chung et al., 2009). Many discussions are raised about the 

necessity of preoperative testing. According to the American Society of Anesthesiologists, (2002) the 

routine tests such as a standard ECG or X-ray, do not make a valuable contribution to the evaluation. 

Moreover, they mention that the selected tests ordered for a specific clinical indication may enhance 

perioperative management decision making. Chung et al. (2009) has conducted a randomized, single-

blind, prospective, controlled pilot study to examine whether indicated testing can be eliminated in 

ambulatory surgery. They concluded that there was no increase of perioperative adverse events such as 

complications or revisits of patients when no tests were performed. However, a larger study is necessary 

to generalize their findings. Besides the discussion whether costs can be reduced by eliminating tests, 

other research shows that the supervision by anesthesiologists is an important factor in decreasing the 

number of preoperative tests and the reduction in costs (Fischer, 1996). 

 

2.2.4 Patient classification 

Lew et al. (2004) mentions that another method to reduce costs is to evaluate only patients who truly 

require it. The health screening questionnaire is a useful tool to determine the patient’s health status such 

that a selection of which patients to refer to the PEC can be made. Additionally, it enhances the timing of 

evaluation and allows for more efficient use of personnel at the PEC (Badner et al., 1998). Parker et al. 

(2002) examined how the re-design of the pre-operative evaluation process in the Cleveland Clinic 
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Foundation affects the efficiency of the department. Due to capacity restrictions and a steadily increase in 

surgical patient volume, the (extensively) traditional screening of patients was no longer possible. A pre-

operative evaluation patient computer program was introduced which performs the first triage. The 

program scales the patient analogous to the American Society of Anesthesiologists Physical Classification 

System (ASA) based on the answers given by the patient. The ASA classification system shown on 

webpage http://www.asahq.org/clinical/physicalstatus.htm distinguishes the following statuses as can be 

seen in Table 2. 

 
Table 2: ASA classification 

Status Description 

1 A normal healthy patient 

2 A patient with mild systemic disease 

3 A patient with severe systemic disease 

4 A patient with severe systemic disease that is a constant threat to life 

5 A moribund patient who is not expected to survive without the operation 

6 A declared brain-dead patient whose organs are being removed for donor purposes 

 

With this program low health risk patients are evaluated on the day of surgery by an anesthesiologist 

while the other patients visit the PEC of the Cleveland Clinic Foundation. After the 3-year study Parker et 

al. (2002) concluded that implementing a triage system results in a cost reduction and a shorter average 

length of stay. 

Fischer (1996) describes the development and implementation of a PEC in the Stanford Medical Center in 

California. ASA classification is used to determine which professional is appropriate to screen the patient 

and the timeslot per patient. This system showed a decrease of the number of pre-operative consultations. 

Next to the studies that show the benefits of ASA classification, there is still inconvenience about the 

triage method. The ASA classification is based on the identification of significant organ system 

dysfunction and the severity of the functional impairment (Traber and Muravchick, 1999). Patient age or 

type of surgery does not influence the ASA status which may have impact on the needs and timing of 

preanaesthesia evaluation. Therefore, further research is suggested to delineate the role of using ASA 

classification as a tool for the triage of patients for preanaesthesia evaluation (Lew et al., 2004). 

 

2.3 Scheduling patients for preanaesthesia evaluation 

“Clinic scheduling is used to decrease mean patient waiting times” (Dexter, 1999). Concurrent with the 

growth of implemented PEC’s, the need exists for developing a framework to schedule patients for 

preanaesthesia evaluation such that performance can be enhanced. Until now, little research on designing 

appointment systems for a preanaesthesia clinic has been performed (Edward et al., 2008).  

Dexter (1999) reviews the simulations of clinical scheduling and patient survey studies to indicate which 

factors of an appointment system account for long waiting times. He states that his review is “clinically 

relevant to anesthesiologists working in preanaesthesia evaluation clinics without appointments, because 

the best service that such anesthesiologists can provide to their patients will be worse”. However, it is 

remarkable that from the eight hospitals evaluated in the research of Edward et al. (2008), only two 

hospitals see all their patients on an appointment basis, five hospitals have a mixed system, and one 

hospital consults the patients on walk-in basis. 

During this research of Dexter (1999) three factors that increase patients’ waiting time are identified 

which are lack of patient punctuality for appointment patients (in which coming early is also a lack of 

punctuality), the presence of walk-in patients which are defined as patients who need to be seen on the 

day they are referred to the PEC instead of patients without an appointment, and provider tardiness. 

Moreover, according to Dexter (1999) the three strategies to decrease waiting times are minimizing mean 
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and standard deviation of consultation times, accept substantial provider idle time, by increasing reserved 

appointment time, and provide activities for waiting patients. 

Moreover, in the research of Edward et al. (2008) it is concluded that the patient flow is an important 

aspect of the logistic processes of the PEC. The patient flow time depends on whether patients are seen on 

appointment or walk-in basis, the consultation time, capacity, and the organization of preoperative tests. 

In this research different organizational structures of the two PECs are studied. Their results show that the 

patient flow time was longer when ECG and venepuncture were performed at the general outpatient 

laboratory, than when they were performed at the PEC. Furthermore, the total waiting times were shorter 

at the PEC that sees their patients mainly on walk-in basis, which is in contradiction with the review of 

Dexter (1999). 

 

2.3.1 Analyzing the performance by simulation and using queuing theory 

Planning difficulties have been analyzed by using discrete event simulation in another research of Edward 

et al. (2008). During this study the long access times; the time between making an appointment and the 

moment at which the consultation takes place, and long waiting time; the time between the patient’s 

appointment time and the start of the assessment, have been analyzed. It is assumed that the arrival 

process follows a Poisson distribution. They conclude their study with “a simulation model is a valuable 

tool to calculate the capacity needed to achieve and maintain a proposed service level for access time and 

waiting times”. When making the consultation time dependent on patients’ ASA class, waiting times can 

be reduced. Their findings were used to redesign the appointment system. 

The effects of implementing the new schedule are described in the research of Edward et al. (2009). 

Patients’ waiting time and experiences before and after the redesign were compared. With the old 

schedule, all patients were planned for 15 minutes, and no time was reserved for walk-in patients. While 

with the new schedule the reserved time for ASA 1 and 2 was increased to 20 minutes and for ASA 3 and 

4 to 30 minutes, and special slots were reserved for walk-in patients. Patients’ experiences were 

investigated by using a survey and time registration was used to indicate the consultation and waiting 

times. When analyzing the results, the authors conclude that the new schedule reduced waiting times 

substantially and slightly improved patients’ experiences. Moreover, it is mentioned that making a correct 

estimation of patients’ ASA status is essential for good planning. 

 

Zonderland et al. (2009) use a queuing theory approach to evaluate alternative designs for the 

organization of preanaesthesia evaluation clinics. During this research a university hospital is being 

studied which consults ASA 1 or 2 patients (70%) on a walk-in basis and the ASA 3 and 4 (30%) on an 

appointment basis. The current and alternative designs were examined with a Multi-Class Open Queuing 

Network Model. For the modeling analysis the following three steps are taken into account: 

• Step 1: Reduction to a Single Class Open Queuing Network 

• Step 2: Analysis of the Single Class Open Queuing Network 

• Step 3: Performance measures per Patient Class 

 

In order to do the calculations during those steps, only the mean and standard deviation of the arrival and 

service time distributions are needed. With the model the performance measures patient length of stay and 

staff utilization rate are calculated such that redesigns can be compared. The authors concluded that the 

best overall performance could be achieved if a combination of the following two redesigns would be 

implemented. The redesign which schedules appointments at the time in which less walk-in arrivals take 

place enhances patient length of stay and staff utilization rate. And the redesign in which the patients are 

accepted by the secretary and therefore seen by the clinic assistant on their first visit. The clinic assistant 

then decides whether the patient can be seen immediately by the anesthesiologist. If the patient needs 

additional testing, those tests have been performed at the same time or soon after and moreover an 

appointment is scheduled when all tests results are available. Furthermore, they concluded that it is 

possible to perform a fast and robust analysis of a PEC current performance and to evaluate redesign 
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options with the before mentioned queuing model (Zonderland et al. (2009). However, the outcomes were 

calculated under the assumption of steady state behavior. 

 

2.4 Patient scheduling using appointment systems 

Until now, the issues of scheduling patients and using various appointment systems in a preanaesthesia 

clinic are only discussed by Dexter (1999), Edward et al. (2008 and 2009), and Zonderland et al. (2009). 

However, there are many researches that examine the scheduling problem in outpatient clinics. The 

preanaesthesia clinic has similarities with the outpatient setting such that those researches might be 

relevant. First of all, the general considerations which have to be taken into account when designing an 

appointment system are described in this section. Since, there is no uniform thought on how patients of a 

PEC should be scheduled, the remaining sections discuss articles which describe clinics that see their 

patients on a scheduled, walk-in, or a mixed (scheduled and walk-in) basis. 

 

2.4.1 General considerations 

“Well-designed appointment systems (AS) have the potential to increase the utilization of expensive 

personnel and equipment-based medical resources as well as reducing waiting times for patients” (Cayirli 

and Veral, 2003). According to Cayirli and Veral (2003) the design of an appointment system includes 

decisions regarding the following: (I) the appointment rule, (II), the use of patient classification, (III) the 

adjustments made to reduce the disruptive effects of walk-ins, no-shows, and emergency patients. An 

appointment rule implies decisions about the block-size (number of patients scheduled per appointment 

interval), the initial-block (number of patient scheduled during the first appointment interval), and the 

appointment interval. Although not all outpatient clinics decide to classify patients, it can be used to 

sequence patients at the time of booking and/or to adjust the appointment interval based on patient’s 

characteristics. Moreover, it is advisable to make decisions about how to adjust the schedule for walk-ins, 

no shows, or emergencies since it influences the performance of a system. 

The performance of an appointment system such as patients’ waiting time and doctors’ idle time are 

determined by the number of services, number of doctors, number of appointments per session, the arrival 

process of patients (no-shows and walk-ins), consultation times, lateness and interruption level of doctors 

and the queue discipline in which patients are served (Cayirli and Veral, 2003). The way how the 

performance is measured can be divided into the following categories depending on the methodology 

used (Cayirli and Veral, 2003): analytical studies (queuing theory and mathematical programming), 

simulation studies, and case studies. Those studies are useful such that recommendations can be made to 

alter the decisions regarding an appointment system. 

 

2.4.2 Scheduled 

Most of the studies are aimed at evaluating appointment systems in which the major part of the patients is 

scheduled for consultation and a low percentage of walk-in patients is considered. This is also the case in 

the research of Harper and Gamlin (2003), in which the effect of different scheduling methods in an ear, 

nose and throat clinic is investigated. Patients are treated in a first come first serve manner by the first 

available doctor. According to their simulation results the three factors: (1) time at which the clinic starts, 

(2) the distribution of appointments over the day, and (3) the number of appointments planned 

simultaneously are identified to influence patient’s waiting time and the build up of queues in the clinic. 

A queuing model is used by Brahimi and Worthington (1991) in order to analyze the transient behavior of 

a system to design an appointment system for a “plaster-check clinic”. The problem was formulated as a 

time-dependent queuing system, in which the arrival process is the appointment system, there is one 

doctor at each clinic, and the service time distribution is fitted to sample data on consultation times. 

Various alternative systems were compared with the current system which resulted in the implementation 

of a new appointment system. The analytical study of Kaandorp and Koole (2007) was aimed at studying 

appointment rules. The objective was to find the optimal schedule when taking the weighted average of 
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expected patient’s waiting time, doctor’s idle time and lateness into account. A local search algorithm was 

derived that converges from the initial schedule to the optimal one. They report that the appointment 

intervals in the optimal solution gradually increase toward the middle of the session and decrease towards 

the end.  

The uncertainty of patient arrivals and their service times causes demand and capacity mismatches 

(Rohleder and Klassen, 2002). During the research of Rohleder and Klassen (2002) a rolling horizon 

appointment schedule is used in an environment which has fluctuating demand loads. Scheduling over a 

horizon creates more flexibility when demand fluctuates within and between days. The authors consider 

two different scheduling methods when demand loads are high: overtime and double booking. 

Additionally, several rule delays are evaluated which consider when to implement the two overload 

policies. Simulation results show that different rules are best for different tradeoffs of server idle time and 

patient waiting time especially when having high demand loads. 

2.4.2.1 Patient classification 

Numerous studies do not make a distinction between patients and assume patients to be homogeneous for 

scheduling purposes. However, Cayirli et al. (2006) investigated the effect of using patient classes in 

order to sequence new and return patients at the time of booking on doctors’ idle- and overtime, and 

patients’ waiting time. The simulation results indicate that sequence-based appointment systems perform 

better than the appointment-based systems. 

Klassen and Rohleder (1996) evaluated the effect of using patient classification based on variability of 

consultation times on patients’ waiting time and provider’s idle time. According to their simulations they 

conclude that scheduling all low variance clients at the beginning performs best in all cases. 

In the research of Cayirli et al. (2008) it is considered whether using patient classification in the design of 

appointment systems might affect the performance measures doctors’ idle- and overtime, and patients’ 

waiting time. During the study two approaches have been investigated by simulation: patient 

classification used for sequencing new and return patient appointments at the time of booking, and patient 

classification used for both sequencing and appointment interval adjustment of new and return patients. 

Their results show that using patient classification for interval adjustment improves the three performance 

measures investigated in the research, without any trade-offs. The authors state that “there is no single 

appointment system that is best for all environments”. According to their simulations they have developed 

practical guidelines which help to select the best performing appointment system for a specific situation. 

In the research of Cayirli et al. (2008) each environment represent a single-server, single-phase queuing 

system, which is not the case in preanaesthesia. Moreover, they have tested the systems with 0 %, 15 %, 

and 30% no-shows and/or walk-ins, by leaving this probability the same for each patient class. Therefore, 

it is questionable whether the conclusions could be generalized for a clinic environment having a higher 

proportion of no-shows and/or walk-ins and which has different probabilities among patient groups. 

 

2.4.3 Walk-in 

There are only a few articles that describe clinics that see their patients on a fully walk-in basis. Managing 

chance variations in demand and patient flows is one of the major problems when operating a walk-in 

clinic (Ashton et al., 2005). In the research of Ashton et al. (2005) a simulation model was created to help 

the North Mersey Community National Health Service Trust to design and plan the operation of the NHS 

walk-in centre at Old Swan in Liverpool. Simulation results show that the total number of patients in the 

waiting room reduces when patients are treated on an appointment basis.  

Reilly et al. (1978) discussed a delay schedule model for a walk-in clinic. When using delay scheduling it 

is possible to shift workload from periods of high congestion to other times such that queues in the 

waiting room are reduced and resource utilization is improved, without compromising the walk-in policy. 

All patients of the clinic under study, walk in at first and decide to stay for treatment, or come back at a 

later moment with an appointment. This decision is supported by an estimation of the delay (waiting time) 

for the patient on the moment of arrival. A simulation model is used that adjusts the delay rule which 

determines this estimation. Furthermore, the model is used to evaluate the clinic performance with 
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different staffing levels. From their simulations it is concluded that delay-scheduling resulted in 10% 

manpower reduction, while significantly reducing patient’s waiting time. 

Jiang and Giachetti (2008) analyze the patient cycle time of an urgent care center (UCC) which see 

patients on a walk-in basis. By using a multi-class open queuing network model it is analyzed whether 

parallelization of assessments will reduce the total time a patient spends in the outpatient facility. Results 

of the analysis show little gains when assessments are done simultaneously instead of sequentially by 

either a single or multiple staff members. Improvements are seen for only a few patient classes that see 

several of the assessments. Additionally, it is concluded that the queuing network model provides a quick 

and accurate analysis.  

 

2.4.4 Mixed 

In the study of Su and Shih (2003) scheduling solutions have been analyzed for outpatient clinics which 

have a mixed-registration-type appointment system (walk-in and scheduled) with on average 72% walk-in 

patients. By using simulation the effect of several alternatives on patient’s waiting time and throughput 

time are evaluated. According to their simulation result it is found that the alternative sequence (odd 

numbers for walk-in patients and even numbers for scheduled patients) provide the least throughput time 

for walk-in patients, while scheduling the appointments with flexible time interval such as 3, 5, or 7 

minutes provides the least throughput time for scheduled patients. 

The performance of a university outpatient clinic was analyzed by using a simulation model during the 

case study of Rising et al. (1973). The analysis of the daily arrival patterns resulted in scheduling 

appointments during periods of low walk-in rates in order to smooth the overall daily arrivals. Moreover, 

the best physician schedule was determined by varying the physician capacity over the hours of the day 

when using this new appointment system. Patients’ throughput time and physicians’ utilization were 

improved after implementing the new appointment schedule. 

The research of Wijewickrama (2006) is aimed at developing an appointment system for a mixed patients’ 

outpatient department in Japan. The department sees four types of patients: appointment patients (65%), 

non-appointment patients (14%), new patients (10%) and patients who come for a medical test (10%). 

Four appointment rules and their possible combinations are evaluated for the situation in which 

appointment and non-appointed patients arrive at the department and the situation when moreover new 

patients arrive at the department. Simulation results show that the Bailey-Welch rule which places two 

patients in the first slot and one in each subsequent slot based on average consultation time is not 

satisfactorily. Patients’ and physicians’ idle time can be improved by the appointment system defined in 

the research of Rising et al. (1973) and further improved when moreover appointment slots are changed 

from 30 to 15 minutes. Additionally, giving priority to patients who have shorter processing times reduces 

patients’ waiting time. 

 

2.5 Conclusion literature review 

Concluding from this literature review it can be said that the literature discussed give some guidelines to 

improve the appointment system and capacity planning of the PPOS. According to the articles which 

discuss the mixed clinics it can be concluded that a system in which appointments are scheduled during 

periods of low walk-in hours results in better performance. Furthermore, when using a Multi-Class Open 

Queuing Network Model or a simulation model it is possible to analyze the performance and evaluate 

redesign options. However, there are different ways how to organize preanaesthesia evaluation as shown 

in the articles that discuss the ideal timing of the preanaesthesia assessment, personnel at the PEC, 

number of tests, and how to classify patients and using this for planning purposes. Moreover, in literature 

there is no uniformity about the ideal division between walk-in and appointment patients and less 

literature is available on how to schedule resources when having a walk-in or mixed clinic with multiple 

resources and assessments. Therefore, further investigation is required how to schedule patients and 

resources at a PEC.  
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3 Pre-operative process since August 2010 

 

This section describes the proposed pre-operative process. The process at the PPOS will be described by 

giving the patient mix and arrival pattern, and routing. Moreover, the control of the process is discussed 

by analyzing the available staff at the PPOS and the scheduling of patients. 

 

3.1 Patient mix and arrival pattern 

The PPOS screens patients of diverse policlinics. In the proposed pre-operative process patients will be 

directly referred from the specialist to the PPOS. When the patient arrives at the PPOS he can choose to 

have the screening at the day of arrival or if he prefers to go home, an appointment will be made for the 

next visit. However, the PPOS strives to evaluate as many patients as possible on the day of arrival, since 

an appointment means an extra visit to the hospital. The majority of patients are seen on walk-in basis. 

Only a small part of the patients is seen on appointment basis. Since, the information system EZIS 

(Elektronisch Zorg Informatie Systeem) of the PPOS does not make a distinction between walk-in and 

appointment patients, all patients are registered as appointment patients. However, the number of days 

between making an appointment and the appointment itself can be seen in the system. From this data, it is 

concluded that 95 % of the patients came on walk-in basis and 5 % on appointment basis in 2009. The 

division between the total number of screened patients (appointment and walk-in patients) per specialty in 

2008 and 2009 is on overall the same as shown in Table 3. 
 

Table 3: Number of pre-operative screenings of last two years
5
 

 2008 2009 

Policlinic # patients  % of total screenings  # patients  % of total screenings  

     

General surgery 3,639 20.59 4,101 21.41 

Cardio surgery 1,904 10.78 1,905 9.94 

Dermatology 45 0.25 42 0.22 

Gynecology 1,329 7.52 1,390 7.26 

Ear, Nose, Throat surgery 1,942 10.9 2,005 10.47 

Lung medicine 126 0.71 103 0.54 

Mouth and jaw surgery 594  3.36 649 3.39 

Neurology 109 0.62 101 0.53 

Ophthalmology 2,604 14.74 2,779 14.50 

Orthopedics 2,765 15.65 3,159 16.49 

Plastic surgery 1,209 6.84 1,393 7.27 

Psychiatry 32 0.18 31 0.16 

Urology 1,371 7.76 1,490 7.78 

Other 2 0.01 11 0.06 

Total # screenings 17,671 100 19,159 100 

 

Specialties, such as internal medicine and radiotherapy that request few screenings are grouped as one 

specialty (other). 

 

As described the PPOS receives mainly walk-in patients unless the patient prefers an appointment. 

Furthermore, the referring specialists and nurses work in different time schedules, such that the output of 

the policlinics varied each hour and day in 2009. Because of this (non-)appointment system, the number 

of patients visiting the PPOS fluctuates during a day, and between weekdays. In 2009 the number of 

                                                      
5
 Source: EZIS, Catharina Hospital 
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referred patients from the policlinics increased during the morning as can be seen in Figure 3. While, in 

2009 this number decreased between 12:00-14:00 because the referring policlinics change from the 

morning session till the afternoon session. After the lunch break a high number of referred patients are 

screened at the PPOS during the first few hours of the afternoon as can be seen in Figure 3. 

 

 

 
Figure 3: Fraction of patients arrived per hour in 2009 

 

Moreover, in 2009 the number of patients screened fluctuates between weekdays. The number of patients 

screened decreases during the week as can be seen in Figure 4. Because of this fluctuating demand, 

patient’s waiting time at the PPOS depends on the arrival moment of the patient. 

 

 

 
Figure 4: Fraction of patients screened per weekday in 2009 

 

However, in the proposed pre-operative process the intake by the nurse will be performed at the PPOS 

instead of doing this at the referring policlinic. As described in paragraph 1.2, a part of the patients had 

their intake by the nurse at the policlinic after the consult with the specialist instead of going to the PPOS. 

Therefore, the arrival pattern as discussed above is expected to change a bit since in the proposed 
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situation all patients go directly from the specialist to the PPOS. Insight in this possible arrival change 

could not be obtained during this master thesis, since the referral moment from the specialist is not 

registered in EZIS. 

 

3.2 Patient routing in the pre-operative process 

This section describes the routing of the proposed pre-operative process. A patient at the policlinic who is 

diagnosed to undergo surgery receives information and brochures from the specialist regarding surgery, 

complications, and surgery duration. Additionally, the specialist has to receive an informed consent from 

the patient such that surgery may take place. After this appointment, the secretary of the policlinic 

immediately registers the patient at the waiting list of the operation planning which is part of EZIS. All 

surgery patients are directly referred to the PPOS for screening. 

 

3.2.1 Patient admission and scheduling 

The patient will arrive at the secretary of the PPOS. All walk-in patients are registered in EZIS as 

appointment patients at the moment of arrival. When the patient prefers an appointment, the patient will 

be planned in EZIS and goes home. However, the screening has to be performed within 5 days from the 

moment of referral by the specialist. Only the start time of the patient is registered in EZIS since there are 

no time slots assigned per patient. Therefore, it is possible to have multiple patients planned at the same 

arrival time. The start time is registered in time slots of 5 minutes. 

 

3.2.2 Triage 

Before the preanaesthesia assessments take place a pre-operative screening questionnaire has to be filled 

in at the computer. Triage means the decision moment in which the policlinic employee decides whether 

the patient is able to fill in this questionnaire alone or together with one of the nurses. Furthermore, during 

the triage it is decided which questionnaire(s) has to be filled in by the patient and which routing the 

patient will follow at the PPOS. This is because all children younger than 17 years old and outpatients
6
 of 

17 years and older only have to fill in the pre-operative questionnaire, while inpatients
7
 of 17 years and 

older also have to fill in an additional (nursing) questionnaire. The inpatients go directly to the nurse to 

fill in both questionnaires together with the nurse.  

 

3.2.3 Answering questionnaire 

A patient that is able to fill in the pre-operative questionnaire will be installed by the policlinic employee 

at one of the four computers in the waiting room. Moreover, the policlinic employee opens the 

questionnaire that belongs to the patient. The answers to the questions are registered in EZIS. In the 

waiting room, one of the policlinic employees will be available to answer questions from patients. When 

the questionnaire is finished, the patient waits in the waiting room for the pre-operative screening.  

 

3.2.4 Intake 

Inpatients and the patients who are not capable to fill in the pre-operative questionnaire go to the intake. 

During the intake a nurse fills in the pre-operative questionnaire and diagnoses the patient record. In case 

of an inpatient the additional questions will be asked about the personal situation and malnutrition. 

Depending on the answers to those questions the nurse can consult for example special diets during 

hospital stay or home care after surgery. The answers to those questions are registered in EZIS. Next to 

this, questions will be asked about the used medication such that an actual and truthful medication 

                                                      
6
 Patients that are expected to not require an overnight stay after surgery 

7
 Patients that are expected to require at least one overnight stay after surgery 
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summary of the inpatient is available. After this, the patient returns to the waiting room in order to wait 

for the pre-operative screening.  

 

3.2.5 Pre-operative screening  

Based on the patient information such as current health, medical history, patient record and screening 

questionnaire, the anesthesia will be selected by the screening physician by discussing the anesthesia 

options and preferences of the patient. Moreover, the screening physician decides in accordance with a 

protocol which other assessments such as an electrocardiogram (ECG), a blood sample, or an x-ray have 

to be performed before operation. In about 80 % of the cases extra assessments are requested. These 

assessments are not a part of the PPOS process itself.  

At the end of the screening the ASA class will be defined by the screening physician. The patient will be 

classified with ASA 1, ASA 2, ASA 3, or ASA 4. Furthermore, the screening physician has to receive an 

informed consent from the patient such that the anesthesia may take place during surgery. When the 

screening is finished, the patient goes to a following policlinic if other assessments are necessary and 

finally the patient goes home.  

 

3.2.6 Collecting PPOS results and screening approval 

After the screening a summary of the PPOS will be visible in the medical patient record in EZIS. If the 

results of the additional assessments are available in EZIS, an anesthesiologist will judge the medical 

record of the patient. If the anesthesiologist approves the screening, the patient will be informed about the 

surgery date. A feedback of this approval will be available in EZIS for the referring policlinic and 

operation room. 

 

3.2.7 Admission for operation 

The patient will be called to be available a couple of hours before the operation takes place. This number 

of hours varies from 1 to 24 hours depending on the type of operation and patients’ health. Before the 

operation, the patient will be referred to the nursing department. At this department the patient will be 

prepared for surgery, after which the surgery takes place. The routing is shown in Figure 5. 
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Figure 5: Routing pre-operative process 
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3.3 Routing and patient types at the PPOS 

All patients that arrive at the PPOS will be screened at the same arrival day unless the patient prefers to 

have an appointment. The walk-in patients that prefer an appointment go home and come back soon after. 

Outpatients of 17 years and older and children younger than 17 years do not require an intake by the nurse 

at the PPOS. Those patients follow the regular routing (admission – questionnaire at computer – 

screening) when they can fill in the pre-operative questionnaire by their own. The other patients will 

follow the alternative routing (admission – intake – screening).  

 

Four different patient types could be distinguished in the proposed situation: 

 

• Appointment patients regular routing  

• Appointment patients alternative routing 

• Walk-in patients regular routing  

• Walk-in patients alternative routing 

 

As can be seen in Figure 6, some patients follow the regular routing (blue) and some follow the 

alternative routing (red).   

 

 
Figure 6: Routing and patient types at the PPOS 

 

3.4 Staff 

In the proposed situation five types of employees can be distinguished at the PPOS: policlinic employees, 

basic physicians, anesthesiologists, assistant anesthesiologists, and nurses. The tasks performed by each 

employee type are given in Table 4. From Monday till Thursday four policlinic-employees are planned at 

the PPOS, while at Friday three policlinic employees are scheduled. Moreover, each day two basic 

physicians, one anesthesiologist, and in case of busy hours one assistant anesthesiologist perform pre-

operative screenings at the PPOS. The assistant anesthesiologist performs the same tasks as the basic 

physicians. Since August 2010, also a nurse is scheduled to do the intake. All staff is scheduled two 

weeks in advance.  
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Table 4: Overview of tasks per employee 

Employee Tasks 

Policlinic-employee • Welcome patients 

• Scheduling patients in EZIS 

• Enter patient data in EZIS 

• Assist patients by answering questionnaire in waiting room 

• Collecting PPOS results 

• Control whether patients are screened on time by checking operation room 

planning 

• Prepare pain consultations and make appointments for pain patients 

• Answer questions from patients 

• Answer phone  

Screening physician 

- Basic physicians 

- Anesthesiologist 

- Assistant 

anesthesiologist 

 

 

• Review information in patient record  

• Check questionnaire(s) with patient (ask questions about medication, 

personal health, and medical history when necessary) 

• Measure blood pressure of patients that follow the regular routing 

• Listen to heart and lungs 

• Insert patient data in EZIS 

• Get informed consent from patient 

• Write consults for ECG, blood samples and x-ray 

• Inform patients about anesthesia 

• Answer questions from patients 

• In case of an basic physician and assistant anesthesiologist: perform 

screenings of all surgery types 

• In case of an anesthesiologist: perform screenings of all surgery types and 

approving all ASA patients for surgery 

Nurse  • Review patient record and operative form of the specialist 

• Ask questions about medication, personal health, and malnutrition and 

enter those answers into EZIS 

• Measure blood pressure of patients that follow the alternative routing 

• Answer questions from patients about surgery 

• Inform patients about medication use 

• Discuss pre surgery fasting and other pre surgery requirements 

• Discuss aftercare 

• Discuss current medication use and medication needed before operation 

 

 

3.4.1 Policlinic-employees 

There are eight policlinic-employees at the PPOS who are scheduled in irregular shifts. Each day three or 

four employees are scheduled. One of the employees is always assigned to the desk of the secretary. 

Another employee stays standby at the desk and helps patients with answering the questionnaire in the 

waiting room or consulting room. The other one or two employees control whether patients are screened 

on time by checking the operation room planning and help patients by answering the questionnaire. 

Moreover, the policlinic-employees are responsible for the appointment planning of pain patients and the 

preparation of pain consultations. The tasks related to the pain patients are out of scope of this research. 

 

3.4.2 Screening physicians 

There are three types of medical professionals (called screening physicians) who perform the pre-

operative screening during consultation hours: two basic physicians, one anesthesiologist, and one 

assistant anesthesiologist. Furthermore, they inform patients about the anesthesia and the risks. In total the 

clinic has 3 basic physicians and 4 (assistant) anesthesiologists which are scheduled in irregular shifts. At 
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the end of each screening an informed consent from the patient has to be received. The anesthesiologist is 

responsible for evaluating the screening results that become available from all screenings and when the 

results are sufficient he approve patients for surgery. The anesthesiologist is the final person that is 

responsible for the pre-operative process and care of the patient. The specialist is responsible for the 

surgery. This means that the anesthesiologist informs the specialist about their screening results and the 

final anesthesia he will recommend for surgery. The specialist can only disapprove when having good 

arguments. 

 

3.4.3 Nurse 

In the current situation one nurse is present during consultation hours at the policlinic to perform the 

intake. In the proposed situation the intake will be performed at the PPOS. Moreover, the nurse has the 

additional task to ask the medication use of the patient. It is expected that 1 till 2 nurses are required in the 

proposed situation to do the intake of the patients that follow the regular routing. In Figure 7 a simplified 

floor map of the PPOS is shown. As can be seen also the office of the pain policlinic is situated at the 

PPOS clinic. This office does not play a role in the pre-operative process. However, some tasks of the 

pain policlinic are performed by the policlinic employees of the PPOS. 

 

 
Figure 7: Floor map PPOS 

 

3.5 Opening hours 

The PPOS is open from Monday till Thursday between 8:30-16:30 and on Fridays from 8:30 till 16:00. 

During the lunch break always one of the staff types is available such that the process at the PPOS goes 

on. Policlinic employees work from 8:00-16:30 or 8:30-17:00, while the screening physicians, and nurses 

are available from 8:30–17:00 or 8:30-17:30.  
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3.6 Performance measures 

In this section, the relevant performance measures
8
 for the PPOS will be defined. The PPOS strives to 

spend a maximum of 15 minutes on discussing the nurse questions during the intake. The duration of the 

screening depends on the completeness of the patient information and the type of surgery. However, the 

PPOS strives to spend moreover a maximum of 15 minutes for the screening. In summary, this means that: 

 

• The average service time for all patient types per week of the intake and the screening < = 15 

minutes 

 

Beside this, the PPOS has formulated the following performance measures regarding patients’ waiting 

time and throughput time: 

 

• The average waiting time for all patient types per week before intake and also before screening  

< = 7.5 minutes 

• The average waiting time for all patient types per week before admission < = 5 minutes 

• The average waiting time for all patient types per week before answer questionnaire is around 

zero 

• The average throughput time at the PPOS for all patient types per week < = 60 minutes 

 

The performance measures related to the process can be seen in Figure 8: 

 

 
Figure 8: Performance measures related to the process 

  

                                                      
8
Source: L. Claes, Kwaliteit en Veiligheid, Catharina Hospital 
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4 Problem definition 

 

In this chapter the problem that Catharina Hospital faces is described in more detail. First of all, the 

demarcation of the research project is completed as shown in Section 4.1. From the literature review and 

the analysis of the pre-operative process that was implemented in August 2010, the research questions 

have been formulated as given in Section 4.2. As a result, the last section presents the method which is 

chosen to give answer to those questions. 

 

4.1 Demarcation 

Catharina Hospital has reorganized the pre-operative process in which the intake and screening will be 

performed at the PPOS, while the other assessments such as an ECG or taking a blood sample take place 

at another policlinic. Therefore, the planning of the other assessments is left out of scope when examining 

the scenarios for the PPOS. 

Due to the reorganization the intake is shifted from the referring policlinics to the PPOS. As described in 

paragraph 3.1 the arrival pattern of the patients is expected to change a bit, since in August 2010 all 

patients go directly from the specialist to the PPOS. Insight in this possible arrival change could not be 

obtained during this master thesis, since the referral moment from the specialist is not registered in EZIS. 

However, only a part of the patients had their intake directly after the consult with the specialist therefore 

the arrival pattern before implementation is used as the base scenario. 

Next to this, there are some back office activities performed by policlinic employees such as answering 

the phone, checking the operation room planning, preparing pain consultations and making appointments 

for pain patients. Those back office activities are not directly related to the arrival of patients and 

therefore left out of scope when determining the capacity requirements for directly serving patients. 

However, some fixed capacity for these activities will be added up to the capacity requirements. 

 

4.2 Research questions 

“Effective scheduling systems have the goal of matching demand with capacity so that resources are 

better utilized and patient waiting times are minimized” (Cayirly and Veral, 2003). Until now, little 

research on designing appointment systems for a preanesthesia evaluation clinic (PEC) has been 

performed (Edward et al., 2008). The decisions regarding the design of an appointment system: (I) the 

appointment rule, (II) the use of patient classification, and (III) the adjustments made to reduce disruptive 

effects (Cayirly and Veral, 2003) are not examined in detail until now. As described in Chapter 3, only 

patient’s arrival time is registered at the PPOS since there is no appointment slot assigned to a walk-in or 

appointment patient. The most optimal decisions regarding the appointment system of the PPOS are not 

investigated until now. 

Moreover, the PPOS sees 95 % of all patients on a walk-in basis as described in Chapter 3. Dexter (1999) 

shows that clinics who see their patients without appointment perform worse, while the study of Edward 

et al. (2009) and Zonderland et al. (2009) show that a PEC in which a part of the patients is seen on walk-

in basis instead of seeing all patients on appointment results in better performance. Until now, the PPOS 

has no insight in the most ideal division between walk-in and appointment patients which enhances the 

PPOS performance. This results in the first research question: 

 

Question 1: Which appointment scheduling system is the best to enhance the PPOS performance? 
 

On the other hand, the PPOS performance is affected by the availability and flexibility of the PPOS 

capacity. To give insight in how, how much, and when the PPOS capacity should be scheduled such that 

performance will be enhanced the second research question is formulated as: 
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Question 2: Which capacity scheduling rule is the best to enhance the PPOS performance? 
 

Since, the performance of the PPOS depends on matching demand with capacity; it has to be examined 

which combination of appointment systems and capacity scheduling rules is the best. Moreover, insight in 

the scheduling cost of resources for each scenario is required to consider which redesign will be the best 

for the PPOS. Therefore, the last research question is formulated as follows: 

 

Question 3: How, how much and when should the PPOS capacity and patients be scheduled such 

that the performance is enhanced while keeping costs as low as possible? 

 

4.3 Method of investigation 

In order to give answer to the first research question a number of appointment systems will be 

investigated. The Catharina Hospital wants to characterize pre-operative screening as a one-stop-shop 

process in which the patient visits the hospital only once. In order to realize this, the PPOS has to operate 

as a walk-in clinic. Therefore, the performance of this (non-) appointment system in which all patients are 

seen on walk-in basis will be defined as the base scenario. 

To be able to make this first scenario, insight in how patients should be classified is essential. Patients 

will be classified based on whether the patient group follows another routing and or has different process 

step durations. Since August 2010, patients are classified by using patients’ age, and hospital length of 

stay because these patients have a different routing, while the influence of service times is neglected. The 

most appropriate patient classification will be defined by a detailed analysis on patient types and 

characteristics, arrival pattern and task durations and used as base scenario. 

Furthermore, when examining this base scenario, the capacity requirements will be determined such that 

the performance measures as given in paragraph 3.6 will be achieved. The capacity will be determined by 

using the queuing theory Multi-Class Open Queuing Network Model as described by Zonderland et al. 

(2009). Next to this, a simulation model will be build to see the influence of the dynamic and stochastic 

nature of the patient arrivals. The simulation study will give insight in patients’ waiting time, patients’ 

throughput time, and resource cost. 

Moreover, patient classification will be taken into account when investigating the effect of using patient 

classification to plan patients or to give patients an appointment under specified circumstances at the 

performance. A number of redesigns will be investigated in which a part of the patients or all patients are 

seen on appointment. From literature it can be concluded that performance will be enhanced when 

appointments are scheduled during periods of low walk-in rates (Rising et al., 1973, Zonderland et al., 

2009). Therefore, the appointments will be scheduled during low walk-in hours for all redesigns. 

 

To answer the second question, a number of capacity scheduling rules and their performances will be 

evaluated. The performance of the base scheduling system is already evaluated under research question 1. 

The effect of the availability and flexibility of the PPOS capacity on the performance will be furthermore 

examined with a number of redesigns. These redesigns will give insight in the performance when a fixed 

number of screening physicians, nurses and policlinic employees are scheduled each day. Additionally, 

the influence of adding extra resources when a high number of waiting patients is registered will be 

investigated with a simulation model. It is assumed that capacity can be changed at an hourly base. For 

the third research question insight will be given in the cost of scheduling resources for the different 

scenarios. 

 

The scenario analysis will be used to formulate recommendations and conclusions. This project should 

provide Catharina Hospital with more insights in the dynamics of the pre-operative process under study 

and a useful quantitative model to support and improve the capacity planning for the PPOS. Conclusions 

will be drawn on the contribution of this project to the scientific field and recommendations for further 

research will be formulated.  
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5 Data analysis 

 

This chapter gives an overview of the data gathering and analysis carried out for this project. The data 

resulted from the analysis will be used as input for the queuing and simulation model. The input contains 

information about the patient distribution among patient classes and their arrival pattern which are 

described in paragraphs 5.1 and 5.2. The process step durations are shown in section 5.3. Furthermore, to 

determine the capacity needs, the additional daily administrative workload and their durations are 

evaluated in the last paragraph of this Chapter. 

 

5.1 Distribution of patients 

The patients are classified by their age and expected hospital length of stay since these patients have a 

different routing. In order to get information about the distribution among those patient classes data from 

EZIS was used from January 1, 2009 – December 31, 2009, which is 254 working days. At the PPOS no 

information is registered about the expected hospital length of stay per patient until now. To get insight in 

which patients got an overnight stay in the hospital the data of the surgeries admissions is analyzed. By 

comparing the patient numbers with the PPOS visits the patients were identified. From the 19,159 patients 

that visited the PPOS in 2009, 19,001 were registered correctly. From this the distribution is determined 

as shown in Table 5. 

 
Table 5: Distribution among patient classes 

Patient class  �� per year % of N 

Children 1,837 9.67 

Outpatients 9,478 49.88 

Inpatients 7,686 40.45 

Total 19,001 100.00 

 

Besides, there was no information about the percentage of patients that should be able to fill in the pre-

operative questionnaire by themselves. To make an assumption about this percentage, patients (N=121) 

have filled in a short questionnaire about this topic. The results show that 78 % of these patients go to the 

computer and the other 22 % need assistance from a nurse.  Furthermore, it is assumed that this 

percentage is equally spread among the patient groups. 

 

5.2 Patient arrivals 

To determine the arrival pattern the same data of 2009 as for the distribution of patients is used. From the 

patient development as described in paragraph 1.3 Catharina Hospital expects to have 5 % patient growth. 

This growth will be taken into account when determining the arrivals per weekday. In paragraph 3.1 it is 

already mentioned that the arrival numbers fluctuate per weekday. When examining the patient classes 

separately we moreover see that the arrival pattern for each class fluctuates per weekday shown in Table 6. 

 
Table 6: Mean arrival rates per patient class per weekday inclusive patient growth 

Weekday # days evaluated Children Outpatients Inpatients Total per week 

Monday 50 8.58 46.62 37.60 92.8 

Tuesday 51 8.12 42.96 36.91 87.98 

Wednesday 52 9.64 39.23 34.58 83.44 

Thursday 50 6.14 35.20 28.76 70.10 

Friday 51 5.59 32.37 21.43 59.39 

Total 254 38.06 196.38 159.27 393.72 
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Moreover, as was mentioned in paragraph 3.1 fluctuation can be seen when looking at the arrival rates per 

hour during one weekday. This fluctuation of the total number of patients visiting the PPOS can be seen 

in Figure 9.  

 

 
Figure 9: Arrival pattern per hour per weekday 

 

5.3 Service times 

The service times of all process steps at the PPOS were measured by a time study. From the results of this 

study the distributions and parameters required for the queuing and simulation model are determined. 

Before the implementation of the proposed pre-operative process it was possible to measure the service 

times for the admission, patients that fill in the questionnaire by themselves, and the screenings. Those 

measurements are taken in April 2010, while the intake durations were measured in August 2010. Next to 

this, the time to fill in the nurse questionnaire separately is measured which is needed for the redesign in 

which the inpatients that do not need assistance go to the computer before going to the nurse. This topic 

will be discussed afterwards. 

 

The literature gathered for this thesis showed fine results when classifying patients according their ASA 

class. However, the screening physician of the PPOS determines the ASA class at the end of the screening 

such that the distinction between ASA classes becomes less valuable. Therefore, during the time study a 

distinction between children, outpatients above 17 years, and inpatients above 17 years was made. 

 

The measurements are tested by using the Kolmogorov-Smirnov and Shapiro-Wilk test to see whether the 

distribution as a whole deviates from a comparable normal distribution. (Field, 2005) Both tests compare 

the scores in the sample to a normally distributed set of scores with the same mean and standard deviation.  

 

The following hypotheses are defined for testing the sample: 

 

 H0: The distribution of the sample is not significantly different from a normal distribution 

 H1: The distribution of the sample is significantly different from a normal distribution 

 

The sample data is tested with SPSS. Appendix II gives an overview of the significance values and the 

histograms for all measurements that are taken. If the P-value is less than 0.05, H0 to be rejected, while if 

the P-value is greater than 0.05, you can proceed with the normality assumption. From the results we can 
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see that all samples show a non-significant value greater than 0.05 for both tests such that H0 can be 

accepted. The mean and standard deviations of all service times are summarized in Table 7. 

 
Table 7: Service times (in minutes) 

Process step Mean Standard deviation Distribution 

1. Admission 02:29 0:50 Normal 

2. Computer 13:44 6:01 Normal 

3. Nurse    

o Pre-operative questionnaire 06:25 3:04 Normal 

o Nurse  questionnaire 07:10 3:12 Normal 

o Both questionnaires 10:46 4:06 Normal 

4. Screening     

o Children 06:37 2:45 Normal 

o Outpatients 09:31 3:12 Normal 

o Inpatients 13:49 5:35 Normal 

 

5.4 Approving patient files 

Next to performing screenings, the anesthesiologist is responsible for the approval of patients for surgery. 

Since February 2010, it is possible to see how many patient files are approved by the anesthesiologist 

each day. To get insight how much time the anesthesiologist will be available to screen patients the 

number of approved patient files from February 2010 - May 2010 is evaluated. Results show that on 

average 73.8 files were approved each day and from the time study each file on average takes 4:42 

minutes as shown in the last histogram of Appendix II. When taking the 5 % growth into account 77.5 

files should be approved. Therefore, on average the anesthesiologist is busy for about 6:04:25 hours to 

approve files each day and will be available for about 01:55:75 hours to screen patients. Screening 

patients will have priority; the gaps between the patients can then be filled with administrative work. 
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6 Queuing model 

 

In this chapter, the queuing model used to determine the capacity requirements for the PPOS will be 

described. First, the model assumptions will be described in paragraph 6.1. After this, the queuing model 

steps and corresponding formulas are given in paragraph 6.2. And finally, the capacity requirements for 

the first scenario are shown in the last paragraph of this Chapter. 

 

6.1 Model assumptions 

In order to make a thorough analysis of the PPOS, some assumptions are made. Catharina Hospital wants 

the PPOS to operate as a walk-in clinic. Therefore, no distinction is made between appointment and non-

appointment patients. All patients are assumed to be walk-in patients for the first scenario and will be 

served in a first come first serve order.  

 

From the data analysis it can be seen that the screening durations differ among the patient groups which 

results in the following five patient classes: 

C1  Patients younger than 17 years who can fill in the questionnaire 

C2 Patients younger than 17 years who need assistance by filing in the questionnaire 

D1 Outpatients of 17 years and older who can fill in the questionnaire 

D2 Outpatients of 17 years and older who need assistance by filling in the questionnaire 

M Inpatients of 17 years and older 

 

All patient classes have their own service time distributions, especially for the screening. Moreover, the 

service time distributions of the staff members are assumed to be equal since no distinction could be made. 

For the arrival pattern it is assumed that 78% of the children and outpatients follow the regular routing 

(admission – computer – screening), while 22 % of those patients follow the alternative routing. The 

patient flows for the model are shown in Figure 10. 

 

 
Figure 10: Patient flows for the queuing model 

 

The PPOS treats individual patients such that it can be assumed that patients arrive individually. 

Moreover, the patients arrive completely random in time since there is no relation between the arrival of 
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one patient and one another. Therefore, it can be concluded that the patient arrivals can be modeled as a 

poisson arrival process with exponentially distributed inter-arrival times between successive arrivals with 

parameter λ and is independent of the past (Kulkarni, 1999). The parameter λ will be different from hour 

to hour to display the actual arrival pattern. 

 

6.2 The model 

A Multi-Class Open Queuing Network Model is created which is based on the steps described in the 

article of Zonderland et al. (2009). The model gives insight in the number of waiting patients, patients’ 

waiting time, patients’ throughput time, and resource utilization per hour. With this model it is possible to 

make a fast and robust analysis of the PPOS capacity needs such that the performance measures will be 

achieved. There are i distinct stations, i = [1..4] and r distinct patient classes defined, r = [1..5] with: 

 
Table 8: Definition of r and i 

r Patient class i Station 

1 Class C1 1 Policlinic employee 

2 Class C2 2 Computer 

3 Class D1 3 Nurse 

4 Class D2 4 Screening physician 

5 Class M   

 

In order to complete the calculations of the model, the parameters listed below are used. The information 

from the data analysis is used to determine these parameters. 

 η�   Arrival rate for patient class r SCV�,�,�   Squared coefficient of variation (SCV) of arrivals for patient class r at station 1 

E(S�,�)  Expected service time of patient class r at station i SCV�,�,�   SCV of the service time of patient class r at station i 

 

6.2.1 Step 1: Reduction to a Single Class Open Queuing Network 

All patients go to station 1 and 4, while only patients of class 1 and 3 go to station 2 (the computer) and 

the patients of class 2, 4, and 5 go to station 3 (the nurse). The formulas used for the queuing model are 

based on this routing.  First, the aggregated utilization rates per station are calculated by defining the sum 

of the utilization rates for each patient class r. 

 

Aggregated utilization rates per station 
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The utilization rate per patient class depends on the arrival rate and expected service time. Moreover, the 

number of available resources at station i is equal to ��, and the effective time per hour is determined by �� . These parameters will be used to determine the capacity planning in paragraph 6.3. With those 

parameters the utilization rates per patient class are defined as: 

 

 ��,�  (�E�S�,������  *+, ,  .1. .52 (5)  

 

 �$,�  (�E�S�,$��$�$  *+, ,  1,3 (6)  

 

 �&,�  (�E�S�,$��&�&  *+, ,  2,4,5 (7)  

 

 �',�  (�E�S�,'��'�'  *+, ,  .1. .52 (8)  

 

Aggregated arrival rates per station 

 

To calculate the arrival rates per station the sum of the arrival rate per patient class that visit the station is 

used. 
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6.2.2 Step 2: Analysis of the Single Class OQN 

For analyzing the queuing network the SCV of the arrival process which depends on the departure process 

at the preceding stations is calculated. The ���,� depends on the arrival rate of all patient classes r at the 

PPOS. 

 

SCV of the arrival process at station 1 
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 8�,�  (��� (15)  

Aggregated mean service times per station 

 

The aggregated mean service times for the stations are the weighted average of the service times of the 

different patient classes r that visit the station.  
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SCV of the service times per station 

 

The SCV of the service times for each station depends on the SCV of the service times per patient class 

that visit the station. Therefore, the following formulas to calculate the SCV of the service times can be 

distinguished: 
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SCV of the arrival process at station 2 

 

Patient classes 1 and 3 go from the policlinic employee to the computer to fill in the pre-operative 

questionnaire. The other part goes to the nurse. Therefore, the SCV of the arrival process at station 2 is 

influenced by the fraction of patients going to a computer K�,$ which results in the following formula: 
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With 
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 K�,$   (� % (&��  (24)  

 

SCV of the arrival process at station 3 

 

A part of the patients that have passed station 1 go to the nurse (station 3). These patients are from class 2, 

4, and 5. Therefore, the SCV of the arrival process at station 3 is influenced by the fraction of patients 

visiting the nurse K�,& which results in the following formula: 

 

 ���,&  K�,&���,� % 1 9 K�,& (25)  

 

In which 
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SCV of the arrival process at station 4 

 

Patients arriving at station 4 come from station 2 or 3, therefore the SCV of the arrival process depends on 

the departure rate of stations 2 and 3 which is defined as 
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6.2.3 Step 3: Performance measures for each patient class 

The SCVs and mean service times calculated in the preceding step are used to define the performance 

measures for each patient class.  

 

Mean waiting time per station 

 

The mean waiting time at station 1 is equal for each patient class which results in the following formula: 

 

 �����  ���,� % ���,�2 ��1 9 ��
���������  (34)  

 

The mean waiting time at station 2, 3 and 4 is equal for each patient class and is defined as 
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Since, the pre-operative assessment clinic sees patients on a walk-in basis, it is possible to have a 

temporary utilization larger than 1 which results in a negative �����O/O�/Q��. Therefore, for those cases �����O/O�/Q�� an alternative procedure is used, in which the number of waiting patients and waiting times 

are corrected afterwards.   

 

Mean number of patients waiting in the queue per station, per hour 

 

The number of waiting patients are calculated by using Little’s law: 
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Since the performance formulas are based on a stationary process the formula above is recalculated with 

an expected indication of the mean number of patients in the queue when having a non stationary process. 

Because the system does not reach a new equilibrium within each hour, we give limitations to the growth 

and decline of the number of waiting patients. 
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In which 

 

 b�,�  ��,���,�����,�� (41)  

 

Mean waiting time per station per hour, corrected 

 

The mean number of waiting patients is used to recalculate the waiting time per hour with: 

 
 ���
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Mean total number of waiting patients at the PPOS per hour, corrected 

 
The sum of the mean number of waiting patients per station indicates the total number of waiting patients 

each hour at the PPOS and results in the formula: 
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 Mean waiting time per station each day, corrected 

 

The mean waiting time per station each day is a weighted average of the waiting time per hour multiplied 

with the arrival rate per station: 
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 Mean waiting time per patient class, per hour 

 

In order to calculate the mean waiting time per patient class, the sum of the waiting times per station each 

patient class visits is used which is shown in the following two formulas: 
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Mean length of stay per patient class, per hour 

 

The throughput time or mean length of stay (LOS) at the PPOS for patients of class 1 and 3 depends on 

the expected waiting time and expected service time of stations 1, 2 and 4. Therefore, the LOS of class 1 

and 3 is calculated with: 
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The mean LOS of patients from class 2,4,5 depends on the waiting and service times at stations 1,3 and 4 

and is given by 
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6.3 Capacity planning of the first scenario 

From the performance measures described in section 3.6 and the results from the queuing model the 

capacity planning for the first scenario is made. The average service time has to be equal or smaller than 

15 minutes. The aggregated mean service times are calculated with formulas 16, 17, and 18 and depend 

on the arrival rates and service times of the different patient classes. As mentioned in paragraph 6.1 

service time distributions of the staff members are assumed to be equal since no distinction could be made. 

Therefore, the performance measures related to the average service time are assumed not to be influenced 

by assigning different types of resources. 

When making the capacity planning, the results from formula 44 have been evaluated to determine with 

which planning the PPOS achieve the performance measures related to the average waiting time for all 

patient types per station per week. Furthermore, the results from formulas 47 and 48 have been evaluated 

to determine whether the planning is sufficient such that the average throughput time at the PPOS for all 

patient types per week is below 60 minutes. With those requirements the number of available resources 

per hour and their effective capacities are determined.  

 

From the interviews with the PPOS staff it is determined that one policlinic employee is available each 

hour throughout the day. When the employee is going to take a break another policlinic employee will 

take over the admission task. Between 12:00-13:00 lunch breaks are scheduled for the policlinic 

employee such that the effective capacity will be 0.9 due to work that is taken over by another person. For 

the other hours an effective capacity of 0.95 is used, since the policlinic employee may be disturbed by 

questions from other staff members, phone or personal care. Additionally, 4 computers are available for 

the patients that are able to fill in their pre-operative questionnaire and have an effective capacity of 1. 

For the nurses and screening physicians the effective capacities 0.5, 0.75, and 0.95 are distinguished. Per 

resource the effective capacities of 0.5 are used to model the lunch breaks, arrival and departures of the 

resources. The lunch breaks are scheduled between 12:00 and 13:00 or 13:00 and 14:00, depending on 

how much patients will arrive in between those two hours. 0.75 is used to model the morning and / or 

afternoon coffee breaks and 0.95 is used for the remaining hours since nurses and screening physicians 

could be disturbed by questions from other staff members, phone, and personal care.  
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When taking the before mentioned restrictions into account the number of resources required per hour for 

the first scenario can be seen in Table 9. The effective capacities per staff member and how the resources 

are scheduled individually can be seen in Appendix III. 

 
Table 9: Capacity needs for the first scenario 

Resource Day Hour 

  8-9 9-10 10-11 11-12 12-13 13-14 14-15 15-16 16-17 17-18 

Policlinic 

employee 

Monday – 

Friday 

1 1 1 1 1 1 1 1 1  

 

Nurse Monday 1 1 2 2 2 2 2 1 1 1 

 Tuesday 1 1 2 2 2 2 2 1 1 1 

 Wednesday 1 1 2 2 2 2 2 1 1 1 

 Thursday 1 1 1 2 2 2 2 1 1 1 

 Friday 1 1 1 1 2 2 1 1 1 1 

 

Screening 

physician 

Monday 2 2 3 3 3 3 4 3 2 1 

 Tuesday 2 2 3 3 3 3 4 3 2 1 

 Wednesday 2 2 2 3 3 3 4 3 2 1 

 Thursday 2 2 2 2 3 3 3 3 2 1 

 Friday 2 2 2 2 2 2 3 3 2 1 

 

With this capacity planning, all performance measures related to waiting time and throughput time will be 

achieved as can be seen in Table 10 and Table 11. 

 
Table 10: Performance measures per station, first scenario, MQN 

Station # of waiting patients j�k	 l� Waiting time j�mnl� l� ol�. 
Policlinic employee 0.29 00:56 

Computer 0.01 00:03 

Nurse 0.62 07:11 

Screening physician 1.12 07:15 

 
Table 11: LOS of each patient class, first scenario, MQN 

Patient class LOS j�p
�� l� ol�. 
C1 30:14 

C2 28:49 

D1 33:08 

D2 31:43 

M 40:22 
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7 Simulation model 

 

This chapter presents the simulation model that is created in CPN tools to see the influence of the 

dynamic and stochastic nature of the varying patient arrivals, and the capacity planning on the 

performance of the PPOS. The analytical queuing model contains some approximations which will be 

tested by a more (however not complete) realistic simulation. First, the assumptions that have been made 

prior to the construction of the simulation model are described in 7.1. Then, the composed model is 

presented by explaining each part of the system in section 7.2. To be sure that the model behaves 

according to that what it is intended to do, and whether the assumptions are reasonable with respect to the 

real system, model verification and validation are discussed in paragraph 7.3.  

 

7.1 Assumptions 

When modeling the CPN model, the following assumptions are made and taken into account during the 

construction process: 

• Similar to the queuing model, arrivals of walk-in patients are modeled with exponentially 

distributed inter-arrival times between successive arrivals. Moreover, the same classes and 

corresponding arrival rates per patient class per hour are used. 

• The same normal distributed service times are used as in the queuing model. When using a 

normal distribution for short process step durations, it is possible to have negative values. 

Moreover, from the time study it is concluded that each process step has their minimum task 

duration. In order to generate realistic results these minimum task durations are taken into 

account to determine the service time task durations and function.  

• When a patient enters the system or a new process step, it is randomly assigned to one of the 

resources and served in a first come first serve order. 

• To simulate effective capacity, resources are delayed for a couple of minutes when having a break. 

• To simulate the availability of resources capacity rules and functions are made such that resources 

may serve patients only during their scheduled hours.   

• Waiting room capacity is infinite. 

• The number of waiting patients determines whether an extra nurse or screening physician will 

enter the system in order to examine the capacity system of scenario 3. 

• The redesigns make a distinction between appointment and walk-in patients. The appointment 

patients will arrive with deterministic inter-arrival times. Where the quantity is determined with a 

discrete function. e.g. 2.3 patients are scheduled between 9:00 and 10:00. Then a discrete function 

will determine whether this were 2 or 3 patients. In case of having 2 patients, the deterministic 

function determines that patient 1 arrives at 9:20 and patient 2 at 9:40. While if 3 patients arrive, 

patient 1 arrives at 9:15, patient 2 at 9:30, and patient 3 at 9:45.  

 

7.2 The model 

An overview of the model can be seen in Appendix IV. In order to limit the complexity of the model it 

has been separated in five major sub-processes which are shown in Appendix V. In between the sub-

processes places can be seen in the overview of the model, representing the queue before the next process 

step. 

To construct a compact model, the sub-processes contain different levels which are equivalent to each 

other and use their corresponding parameters and functions which belong to the different processes, 

patients, and resources. In CPN tools each parameter, patient or resource is represented as a token. Each 

token has a data value attached to it (Jensen et al., 2007) such that the correct parameters and functions 

will be used for each patient, resource, and sub-process level. The tokens that represent the patients 
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contain data as patient class, arrival time, and id number while the tokens of the resources contain data as 

id number, server name, and whether they are optional. The different processes operate according to their 

token data. 

 

7.2.1 Sub-processes 

The first sub-process that is modeled is a case generator which generates the input for the model. This 

sub-process contains three equivalent walk-in generators and three equivalent appointment generators. 

The walk-in generators contain different levels, where the first level shows the different weekdays, the 

second level shows the different hours of each weekday, and the third and therefore lowest level shows 

the arrival process during each hour. The third level of the walk-in generator is shown in Appendix V. 

The parameters used for the patient generators are patient class, hour, and weekday. Moreover, stochastic 

arrival functions, discrete functions, deterministic arrival functions and corresponding delays are defined 

to generate the different patient classes and arrival times. 

Next, the four stations in the overview represent the different process steps of the PPOS. The lowest level 

of all stations is equivalent to each other and works with the parameters idle resources and service times 

task. The two stations intake and screening have an extra equivalent level between the overview and 

lowest station level which is labeled “station with extras” which is also shown in Appendix V. With this 

page it is possible to simulate the redesign in which the anesthesiologist or nurse only becomes available 

when a high number of waiting patients is registered. In order to do this, the parameters maximum waiting 

and extra resource are added to the station level. 

 

7.2.2 Service times 

As can be seen in the overview of the model, the mean and variance (displayed in seconds) have a small 

deviation from the service times listed in Table 7. The parameters are adapted because the minimum 

service time values are used as the absolute minimum to determine the service time task durations, as 

mentioned in the paragraph 7.1. This adaptation is required to generate the same mean and variance on 

average as in Table 7. Therefore, the mean and variance have been increased compared to the current 

values. 

From the time study it is concluded that the tasks admission, pre-operative questionnaire, and nursing 

questionnaire requires one minute at a minimum. Furthermore, the tasks computer and screening of 

children takes two minutes and screening of outpatients and inpatients requires four minutes at a 

minimum. Moreover, when evaluating the measurements of filling in both questionnaires all 

measurements are equal to five minutes or longer. With the new mean and variance and service time 

restriction, the service time function servicetimepat is constructed as shown in Figure 29 of Appendix V. 

With this function, each station will use their corresponding minimum task duration, mean and variance 

that belong to the patient that will arrive at the station.  

 

7.2.3 Monitoring performance 

For analyzing the performance of the system 109 data collector monitors are created that extract 

numerical data from the model in order to generate statistics. These monitors are classified into the four 

categories throughput time (70), queue delay (24), queue length (4) and utilization (11). These monitors 

are created for each process step, patient type, resource, and eventually for each weekday and hour. The 

predicate and observer functions of the monitor are modified such that the correct data will be extracted 

from the model in order to generate reliable performance statistics. 
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7.3 Verification and validation 

Before analyzing the scenario’s the model is verified and validated by checking whether the model 

behaves according to that what it is intended to do, and whether the assumptions are reasonable with 

respect to the real system. 

 

7.3.1 Verification 

CPN tools can check the correctness of the process model via a State Space Analysis. A state space is an 

overview of all the states your system can be in. The report provided by CPN contains a lot of information 

about the properties of the system, which is useful information about the behavior of the CP-net. 

Therefore, a state space report is generated for the PPOS model. When looking at the statistics, it can be 

seen that the model contains 51894 arcs and 34217 nodes. As a result, it can be concluded that there are 

direct paths between all nodes. Moreover, the boundedness properties indicate the maximum and 

minimum number of tokens in all individual places. For some places the maximum number of tokens per 

place exceeds one. This is in line with the model, since some patients arrive at the same model time and 

the parameter places have multiple tokens. The initial marking is not a home marking; therefore, it is not 

possible to return and the patient will proceed in the system. Moreover, the model contains a couple of 

dead markings since parameters will return in their place after using and at the end of the process all 

patients go into one place which is desired. In the liveness part of the report none of the transitions are 

always enabled which is desired in this case. However, when looking at the report it can be seen that only 

a partial report can be generated due to having a nondeterministic net that uses time delays or parts of 

token values. Therefore, the model is not well-suited for state space analysis and the results will be less 

reliable since not a complete state space report of the model can be generated. To be able to verify the 

model numerous manual simulations have been performed to see how the model behaves. From these 

manual simulations and performance results it is concluded that the model generates patients, resources, 

and use their functions and parameters correctly. According to the partial state space report and the 

manual simulations it can be said that the model is verified. 

 

7.3.2 Validation  

Until now it is not possible to test whether the simulation model is able to fit historical data. However, by 

comparing the parameter values of the queuing model and simulation model validation can be performed. 

Moreover, to validate the simulation model two tests have been performed to check whether changing 

parameters of the model results in changing performance that is expected. 

 

First of all, the results of the queuing model and simulation model are compared when  ��  1 for all i, ��  1, �$  4, �&  2, and �'  3 are scheduled from 8:00 till 17:30. Patients arrive according to a 

Poisson process and have normally distributed service times with an absolute minimum duration. Twenty 

simulation runs of one week are made. The results of the queuing model and simulation with these 

settings can be seen in Table 12 at page 38. Moreover, from the simulation results it can be seen that on 

average 395.4 patients arrived at the PPOS per week which is a small deviation of 0.43 % from the 393.72 

that arrive on average at the PPOS in the queuing model. 
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Table 12: Comparison of performance measures resulting from both models 

Performance measure Queuing model Simulation model Deviation from queuing model (%) qr 0.36 0.36 0.00 qs 0.23 0.24 4.03 qt 0.36 0.36 0.00 qu 0.51 0.51 0.00 j�k	r� 0.25 0.27 8.00 

j�k	s� 0.01 0.01 0.00 

j�k	t� 0.18 0.19 5.55 

j�k	u� 0.41 0.45 9.80 j�vr� 0:02:29 0:02:29 0.00 j�vs� 0:13:44 0:13:49 0.60 j�vt� 0:09:40 0:09:39 -0.17 j�vu� 0:10:57 0:11:01 0.61 j�mnr� 0:00:45 0:00:59 31.00 

j�mns� 0:00:03 0:00:03  0.00 

j�mnt� 0:01:05 0:01:15 15.38 

j�mnu� 0:01:52 0:02:10 16.01 

j�p
r� 0:25:03 0:26:07 4.26 

j�p
s� 0:18:35 0:20:40 11.21 

j�p
t� 0:27:57 0:29:35 5.84 

j�p
u� 0:21:29 0:22:58 6.90 

j�p
w� 0:30:08 0:32:06 6.53 

 
When comparing the utilization rates and service times of each station for both models, it can be seen that 

these performance measures are almost equal to each other. Therefore, the service time function as 

mentioned in section 7.2.2 is constructed in a correct way in order to generate equivalent service times. 

The waiting times and number of waiting patients give larger deviations which can be clarified because 

the outcomes of the queuing model are calculated under steady state behavior with correction. Moreover, 

the throughput times for the different patient classes give small deviations from the queuing model. This 

is due to the waiting time deviation as mentioned before. Furthermore, the higher deviation for patients 

from class two is due to the low arrival rate and their arrival time which is during high walk in hours. 

Moreover, to test whether the simulation model provides valid results when changing his parameters the 

following two tests have been performed: 

 

Test 1: Fewer resources scheduled between 12:00 – 14:00 

The first test shows what happens when fewer resources are scheduled at a specific time. The same 

settings are used as in the comparison example before. However, �&  0, and �'  0  from 12:00 until 

14:00. It is expected that patients’ waiting time, patients’ throughput time, and the utilization rate of the 

nurses and screening physicians will increase. As can be seen in Table 13 the utilization rates per station 

resulting from this test are increased for the nurses and screening physicians.  

 
Table 13: Utilization per station, validation test 1 

Station ql 
Policlinic employee 0.36 

Computer 0.24 

Nurse 0.45 

Screening physician 0.64 
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Moreover, patients’ throughput time (including their waiting time) arriving at the PPOS increases after 

11:45 as can be seen in Figure 11. 

 

 
Figure 11: Throughput time validation test 1 

Test 2: Lower patient arrival rate between 12:00-14:00 

The second test shows the results when no patients arrive between 12:00 and 14:00. It is expected that 

waiting time and throughput time decreases between these two hours. Moreover, the average utilization 

per station will decrease because fewer patients are served each day. As can be seen in Table 14 the 

utilization rates per station resulting from this test are decreased for all stations. Furthermore, patients’ 

throughput time has been decreased between 12:00 and 14:00 as shown in Figure 12. 

 
Table 14: Utilization per station, validation test 2 

Station ql 
Policlinic employee 0.28 

Computer 0.19 

Nurse 0.27 

Screening physician 0.40 

 

 
Figure 12: Throughput time validation test 2 

From the comparison of the models and the test results it can be concluded that both models give valid 

results. When changing the parameters of the simulation model performance results are generated which 

are reliable. According to this, it can be said that the models are verified. 
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8 Scenario analysis and results 

 

This chapter discusses the scenario’s that have been investigated to see how varying appointment systems 

and the way how capacity is scheduled influences the performance of the PPOS. Since simulation takes 

more time than the analysis of particular strategy, capacity schedules are created by using the 

approximation model. These schedules are tested by using the simulation model and when necessary 

adjusted afterwards depending on the simulation results. In paragraph 8.1, the performance results of 

using different capacity systems when the PPOS functions as a walk-in clinic are shown. Next, the 

examined interventions in which the PPOS sees walk-in and appointment patients are shown in section 

8.2. Additionally, the scenarios in which all patients are on appointment are evaluated in paragraph 8.3. 

Moreover, the results of the scenarios in which a part of the inpatients go to the computer before intake 

are shown in section 8.4. Finally, insight will be given in the cost of scheduling resources for each 

scenario in section 8.5.  

 

8.1 Walk-in  

In the first scenario, as described in paragraph 6.3, PPOS sees patients on walk-in basis and a varying 

number of staff members especially for the nurses and screening physicians, are scheduled during fixed 

hours of the day. This capacity planning will be evaluated by the simulation model and will be the first 

scenario. From this, a new capacity planning is determined in which a varying number of staff members 

are scheduled throughout the day while only taking the throughput time requirement into account. 

Furthermore, the rules to add extra resources in case of having numerous waiting patients are evaluated in 

the third scenario. The performance results from the simulation model when using a walk-in system and 

different capacity plans are shown in Table 15 and Table 16 after explaining the following three scenarios. 

Moreover, the performance results obtained from the queuing model of all scenarios discussed in this 

Chapter are shown at the end of Appendix VI.  

 

Scenario 1 

From the comparison of both models in paragraph 7.3.2 it is expected that with the capacity planning 

shown in section 6.3 waiting time at station 3 and 4 will be higher than 7.5 minutes on average per week. 

Therefore, a new capacity planning is constructed by evaluating the test results of the simulation model 

with the first capacity planning and adding capacity in the busiest hours of the week until all performance 

measure are achieved. This new capacity planning can be seen in Appendix VI capacity planning 1.  

 

Scenario 2 

The second scenario gives insight in how capacity should be scheduled when taking the throughput time 

requirement of 60 minutes per week for all patients into account. Moreover, a varying number of staff 

members will be scheduled throughout the day. Details of this capacity planning are shown in capacity 

planning 2 in Appendix VI. As can be seen less capacity is required in comparison with the capacity 

planning as used in scenario 1. Therefore, waiting time at the stations will be increased while still 

achieving the throughput time requirement. In order to keep scheduling cost as low as possible the 

capacity of the most expensive resources, the screening physicians, is reduced. 

 

Scenario 3 

The third scenario shows the performance of the PPOS when the anesthesiologist and the second nurse 

serve patients when a high number of waiting patients is registered between 10:00-16:00. For this 

scenario one nurse is available from 8:30 till 17:30 while the second nurse starts to do the intakes when 1 

patient is waiting or more. Moreover, the anesthesiologist starts to screen patients when more than 3 

patients are waiting before screening. The capacity planning of scenario 1 is used to plan the screening 
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physicians. Results show how performance will change when extra resources are added to do the intakes 

and screening in case of having numerous waiting patients between 10:00-16:00 each weekday. 

 
Table 15: Waiting time per station, walk-in 

Station j�mnl� l� ol�yz{| 

 Scenario 1 Scenario 2 Scenario 3 

Policlinic employee 01:15 01:15 01:15 

Computer 00:05 00:05 00:05 

Nurse 07:22 07:22 07:04 

Screening physician 07:14 26:51 05:13 

 
Table 16: LOS of each patient class, walk-in  

Patient class j�p
�� l� ol�yz{| 

 Scenario 1 Scenario 2 Scenario 3 

C1 29:03 51:20 29:03 

C2 28:44 53:29 27:01 

D1 33:30 54:01 32:22 

D2 37:19 53:47 32:31 

M 43:37 60:09 39:54 

Average 37:21 56:46 35:08 

 

From the scenario results it can be seen that all performance measures are achieved with scenario 1 and 3, 

while only the throughput time requirement is achieved with scenario 2. Moreover, the results of scenario 

1 and 3 show larger throughput times for patients of class D2 than patients of class D1. While, patients of 

class C2 have larger throughput times than patients of class C1 in scenario 2. These possible deviations in 

throughput time between the classes that go directly to the computer or the intake are the result of having 

fluctuating demand, the capacity planning that is used for the scenario, the service time a patient has, and 

the deviating proportion between the patients of each class that is able to fill in the pre-operative 

questionnaire and the ones who need assistance. Next to this, it can be seen that adding resources in case 

of busy hours reduces patients’ waiting time on average per week by 4.07 % before intake and 27.88 % 

before screening. However, from the simulation results it can be seen that waiting time at the nurse shows 

high fluctuations between the weekdays (from 8:24 minutes on Mondays till 3:43 minutes on Fridays) 

which is not desirable.  

 

8.1.1 Practical implications walk-in 

In this section the possible implications and adjustments that should be made to the current appointment 

and capacity scheduling system of the PPOS when using the walk-in scenarios will be discussed. The first 

and second scenario are straightforward to implement since patients are seen on walk-in basis and the 

capacity schedules shown in Appendix VI give specific information about how, how much, and when 

resources should be scheduled. The third scenario in which the second nurse or anesthesiologist only 

enters the system when numerous patients are waiting should be registered by the system at the PPOS. 

For this scenario, the planning system has to give a sign when one or more patients are waiting before the 

intake and when four or more patients are waiting before screening between 10:00-16:00. Furthermore, 

the second nurse and anesthesiologist may only see patients when numerous waiting patients are 

registered. Moreover, when patients are waiting extra resources immediately have to enter the system to 

serve patients which is not realistic. Therefore, this alteration seems to be impractical to implement and 

will not be further investigated for the other appointment systems. 
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8.2 Mixed 

For the mixed scenarios a part of the outpatients and inpatients are seen on appointment since these 

patients have the highest arrival rate each hour compared to children. The appointments are planned 

during low walk-in hours. To determine which patients are preferable to be seen on appointment the sum 

of all patient arrivals when having a walk-in system is calculated for each hour. As mentioned earlier the 

number of arrivals fluctuates per hour and week. First, all hours are listed from the hour with the highest 

total arrival rate till the hour with the lowest total arrival rate of the week. From this, the outpatients and 

inpatients that arrive during the busiest hours of the week are referred to be seen on appointment during 

the lowest walk-in hours of the week. When doing this, the opening hours of the PPOS are taken into 

account since the PPOS is open from Monday till Thursday between 8:30-16:30 and on Fridays from 8:30 

till 16:00. The two situations with 5 % or 10 % of the patients on appointment have been examined for the 

mixed appointment systems which Catharina Hospital is mainly interested in. The appointment patients 

arrive with deterministic inter-arrival times and have therefore a standard deviation equal to zero for the 

arrival rate. In the queuing model the standard deviation is corrected for the hours in which patients are 

referred to be seen on appointment by using the following formula 

 

 �}�,~ % �����U���U�  ( �,~ % �����U���U�(�,X % �����U���U� < �}�,X % �����U���U� (49)  

 

In which r is the patient class and x will be 5 % of 10 % depending on the scenario which is used. In 

Appendix VII the busiest hours from which patients are referred to be seen on appointment during low 

walk-in hours are shown for both scenarios. The mixed scenarios have been examined when having the 

same capacity as in the first scenario to see how the performance will change compared to the first and 

second scenario. Next to this, alternative capacity planning systems will be investigated in which less 

capacity is scheduled while still achieving performance requirements.  

 

Scenario 4 and 5 

Scenario 4 gives insight in how the performance of the PPOS will change when 5 % of the patients are 

seen during low walk-in hours. The same capacity planning is used as in the first scenario. When seeing 

patients in low walk-in hours, patients’ arrival rate throughout the day will change. Because of this, the 

capacity planning of scenario 1 is rescheduled as can be seen in capacity planning 4 in Appendix VI. With 

this appointment system, waiting time and throughput time will be decreased. Therefore, scenario 5 

shows the performance of the PPOS when 5 % of the patients are seen on appointment and fewer 

resources are scheduled by keeping all performance requirements defined in section 3.6 into account. 

Capacity planning 5 in Appendix VI shows the schedule used for the fifth scenario. 

 

Scenario 6 and 7 

In the sixth and seventh scenario 5 % of the patients will be seen on appointment and only the throughput 

time requirement is taken into account. The sixth scenario gives insight in how the performance will 

change when capacity is rescheduled and the same number of resources is used as for walk-in scenario 2. 

For the seventh scenario fewer resources are scheduled compared to walk-in scenario 2 while still 

achieving the throughput time requirement. The capacity plans used for these scenarios are shown in 

capacity planning 6 and 7 of Appendix VI. The performance results when using a mixed system with 5 % 

appointment patients and different capacity plans are shown in Table 17 and Table 18. 

 
  



43 

 

Table 17: Waiting time per station, mixed with 5 % appointment 

Station j�mnl� l� ol�yz{| 

  Scenario 4 Scenario 5 Scenario 6 Scenario 7 

Policlinic employee 01:01 01:01 01:01 01:01 

Computer 00:04 00:04 00:04 00:04 

Nurse 05:32 07:10 05:32 07:10 

Screening physician 05:34 07:11 26:40 27:33 

 
Table 18: LOS of each patient class, mixed with 5 % appointment 

Patient class j�p
�� l� ol�yz{| 
 Scenario 4 Scenario 5 Scenario 6 Scenario 7 

C1 30:09 30:36 54:58 47:34 

C2 31:28 28:56 44:41 48:25 

D1 31:11 31:29 48:53 50:07 

D2 29:17 34:35 52:26 61:18 

M 34:44 42:26 61:31 69:36 

Average 34:28 37:05 55:47 57:47 

 

From the results of scenario 4 and 6 it can be concluded that performance will be improved when using a 

mixed system with 5 % appointment patients planned during low walk-in hours. For scenario 4 till 7, 

waiting time at the policlinic employee reduces by 18.67 % on average and at the computer a waiting time 

reduction of 20 % can be seen. When using the same capacity as used in scenario 1, waiting time at the 

nurse will be reduced by 24.89 % and a waiting time reduction of 23.04 % can be seen at the screening 

physician. With these waiting time reductions, patients’ average throughput time will be reduced by 7.72 % 

per week as shown in scenario 4. Moreover, when using the same capacity as used in scenario 2, waiting 

time before the intake will be reduced by 24.89 % and before screening a reduction of 0.68 % can be seen 

such that patients’ average throughput time will be reduced by 1.73 % per week. Next to the performance 

improvement, cost of scheduling resources can be reduced since the performance measures are still 

achieved when using the capacity planning systems of scenario 5 and 7. These cost reductions will be 

shown in section 8.5. For the mixed system in which 10 % of the patients arriving during busy hours are 

referred to be seen on appointment during low walk-in hours, the following four capacity planning 

systems are created and tested.  

 

Scenario 8 and 9 

Equivalent to the mixed systems in which 5 % are seen on appointment, scenario 8 examines how 

performance changes when the same (rescheduled) capacity planning is used as in the first scenario while 

seeing 10 % on appointment. With this appointment system, waiting time and throughput time will be 

decreased. Therefore, scenario 9 shows the performance of the PPOS when 10 % of the patients are seen 

on appointment and fewer resources are scheduled by keeping all performance requirements defined in 

section 3.6 into account. Capacity planning 8 and 9 are shown in Appendix VI. 

 

Scenario 10 and 11 

For scenario 10 and 11 only the throughput time requirement has been taken into account. Scenario 10 

gives insight in how the performance will change when capacity has been rescheduled and the same 

number of resources has been used as for the second walk-in scenario. Furthermore, scenario 11 shows 

the performance when fewer resources were scheduled while still achieving the throughput time 

requirement. The capacity plans used for these scenarios are shown in capacity planning 10 and 11 of 

Appendix VI. The performance results obtained from the simulation model, when using a mixed system 

with 10 % appointment patients and different capacity plans, are shown in Table 19 and Table 20. 
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Table 19: Waiting time per station, mixed with 10 % appointment 

Station j�mnl� l� ol�yz{| 

  Scenario 8 Scenario 9 Scenario 10 Scenario 11 

Policlinic employee 00:58 00:58 00:58 00:58 

Computer 00:03 00:03 00:03 00:03 

Nurse 05:30 07:07 05:30 07:07 

Screening physician 04:35 07:25 22:49 28:39 

 

Table 20: LOS of each patient class, mixed with 10 % appointment 

Patient class j�p
�� l� ol�yz{| 
  Scenario 8 Scenario 9 Scenario 10 Scenario 11 

C1 28:12 31:03 54:36 53:22 

C2 23:36 30:52 39:25 58:50 

D1 30:40 32:12 45:44 50:25 

D2 30:23 32:31 50:13 53:15 

M 37:07 42:01 51:55 61:37 

Average 33:23 37:11 51:53 58:34 

 

When using a mixed system including 10 % appointment patients planned during low walk-in hours 

performance will be improved. For scenario 8 till 11, patients’ waiting time before admission is reduced 

by 22. 67 % on average and before the computer a waiting time reduction of 40 % can be seen. Moreover, 

when using the same capacity as used in scenario 1, waiting time at the nurse will be reduced by 25.34 %, 

waiting time at the screening physician will be reduced by 36.64 %, and patients’ average throughput time 

will be reduced by 10.62 % per week as shown in scenario 8. When using the same capacity as used in 

scenario 2, waiting time before the intake will be reduced by 25.34 %, waiting time before screening 

reduces by 15.02 %, and patients’ average throughput time will be reduced by 8.60 % per week as shown 

in scenario 10. Next to the performance improvement, cost of scheduling resources can be reduced since 

the performance measures are still achieved when using the capacity planning systems of scenario 9 and 

11. These cost reductions will be shown in section 8.5. 

 

8.2.1 Practical implications mixed 

In this section, the implications of using the different mixed appointment systems are discussed 

qualitatively. The capacity planning systems used in these scenarios are straightforward to implement 

since the capacity schedules shown in Appendix VI give specific information about how resources should 

be scheduled. However, to implement the appointment systems described in these scenarios patients 

should be referred during high walk-in hours to be seen on appointment during low walk-in hours. 

Referring patients to be seen on appointment is in contradiction to the goal formulated by Catharina 

Hospital of characterizing the pre-operative process as a one-stop-shop process. Nevertheless, these 

mixed systems are useful to make appointments for patients who arrive during busy hours that prefer to 

come back on appointment.  

 

8.3 Scheduled 

Besides the mixed systems, the scenario in which all patients are seen on appointment is examined for the 

PPOS. The arrival rates of the 100 % appointment scenario are almost equal to the scenario in which 10 % 

will be on appointment. However, in this system all patients including children have deterministic inter-

arrival times and therefore a SD equal to zero in the queuing model. To give all patients an appointment 

seems to be impractical for the PPOS, since the pre-operative process has to be a one-stop-shop process. 

However, from a logistic point of view this situation will be the best scenario to reduce patients’ waiting 

time and throughput time at the PPOS, and cost of scheduling resources. To give Catharina Hospital 
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insight in their benefits of seeing all patients on appointment at the PPOS this appointment system is 

examined in the following four scenarios. 

 

Scenario 12 and 13 

Scenario 12, investigates how performance changes when using the same capacity as in the first scenario 

while rescheduling resources as shown in scenario 8. Next to this, scenario 13 examines how capacity can 

be reduced while still achieving the performance requirements. The schedule used for scenario 13 is 

shown in capacity planning 13 of Appendix VI. 

 

Scenario 14 and 15 

Scenario 14 gives insight in the performance when using the rescheduled capacity plan as used in scenario 

10. Next to this, scenario 15 shows the performance when fewer resources are scheduled while still 

achieving the throughput time requirement. The capacity plan used for scenario 15 is shown in capacity 

planning 15 Appendix VI. The performance results when using a scheduled system and different capacity 

plans are shown in Table 21 and Table 22. 
 

Table 21: Waiting time per station, scheduled 

Station j�mnl� l� ol�yz{| 

  Scenario 12 Scenario 13 Scenario 14 Scenario 15 

Policlinic employee 00:41 00:41 00:41 00:41 

Computer 00:00 00:00 00:00 00:00 

Nurse 02:42 7:16 02:42 7:16 

Screening physician 02:25 7:10 10:06 28:15 

 

Table 22: LOS of each patient class, scheduled 

Patient class j�p
�� l� ol�yz{| 
  Scenario 12 Scenario 13 Scenario 14 Scenario 15 

C1 25:58 33:49 33:52 48:50 

C2 21:17 31:07 29:32 57:10 

D1 29:01 34:55 36:31 54:58 

D2 25:25 33:54 34:07 58:18 

M 32:20 41:47 39:34 63:07 

Average 29:36 36:50 37:19 58:16 

 

From the results of scenario 12 and 14 it can be concluded that the performance at the PPOS will be 

improved when using a scheduled system. For scenario 12 till 15, patients’ waiting time before admission 

is reduced by 45.33 % on average and before the computer a waiting time reduction of 100 % can be seen. 

When using the same capacity as used in scenario 1, waiting time at the nurse will be reduced by 63.35 %, 

waiting time at the screening physician will be reduced by 66.59 %, and patients’ average throughput time 

will be reduced by 20.75 % per week as shown in scenario 12. When using the same capacity as used in 

scenario 2, waiting time before the intake will be reduced by 63.35 %, waiting time before screening 

reduces by 62.38 %, and patients’ average throughput time will be reduced by 34.26 % per week as 

shown in scenario 14. Next to the performance improvement, cost of scheduling resources can be reduced 

since the performance measures are still achieved when using the capacity planning systems of scenario 

13 and 15. These cost reductions will be shown in section 8.5. 

 

8.3.1 Practical implications scheduled 

In this section, the possible implications and adjustments that should be made to the current appointment 

system will be considered. From the results it can be concluded that the PPOS performance will be 
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enhanced and scheduling resource cost will be reduced at most when seeing all patients on appointment. 

However, Catharina Hospital strives to characterize the pre-operative process as a one-stop-shop process. 

When using this appointment system, patients’ throughput time at the PPOS will be reduced while 

increasing the number of patients’ visits and the resulting patients’ travel time to the hospital. Therefore, 

this appointment system will be less desirable to implement. 

 

8.4 Part inpatients to computer before intake 

Next to the appointment systems and capacity planning systems, Catharina Hospital is interested in the 

effect at the performance measures when a part of the inpatients have a different routing at the PPOS. 

From experience with the implemented routing in August it can be concluded that not all inpatients go to 

the intake directly for the pre-operative questionnaire and nursing questionnaire. This is because at these 

moments no nurses were available to do the intakes. 

From the scenario results and evaluation of the practical implications it can be concluded that walk-in or 

mixed systems are preferable appointment systems to be implemented and capacity should be scheduled 

such that all performance measures will be achieved while keeping scheduling costs as low as possible. 

Therefore, scenarios 1, 5, and 9 are tested with the queuing and simulation model for the scenario in 

which 78 % of the inpatients go to the computer before the intake. Figure 13 shows the different routing 

of the inpatients. As can be seen, the inpatients that can fill in the pre-operative questionnaire without 

assistance (M1) are following the routing (admission – computer – intake – screening) while the other 

part (M2) follows the routing (admission – intake – screening).  

 

 
Figure 13: Patient flows of the queuing model with different routing 

The adjustments made for the formulas of the queuing model can be seen in Appendix VIII. The effect of 

sending inpatients (M1) to a computer before intake is evaluated for the appointment system and capacity 

planning used in scenarios 1, 5, and 9 and tested in scenario 16, 17, and 18. The results of these scenarios 

are shown in Table 23 and Table 24. 
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Table 23: Waiting time per station, alternative routing 

Station j�mnl� l� ol�yz{| 

 Scenario 16 Scenario 17 Scenario 18 

Policlinic employee 01:15 01:01 00:58 

Computer 00:32 00:21 00:19 

Nurse 03:24 03:54 04:21 

Screening physician 06:45 06:40 07:24 

 
Table 24: LOS of each patient class, alternative routing 

Patient class j�p
�� l� ol�yz{| 

 Scenario 16 Scenario 17 Scenario 18 

C1 31:13 29:51 31:37 

C2 24:11 25:43 26:14 

D1 34:28 31:27 32:46 

D2 30:28 28:44 31:04 

M1 48:57 52:05 49:42 

M2 37:14 39:47 39:59 

Average 38:20 38:26 39:25 

 

From the results of scenario 16 till 18 it can be concluded that all performance measures formulated for 

the PPOS will be achieved when using the alternative routing and systems created in scenarios 1, 5, and 9. 

As can be seen patients’ waiting time at the computer increases while the waiting time before the intake 

and screening decreases compared to scenarios 1, 5, and 9. However, throughput time increases for 

patients that fill in the pre-operative questionnaire by themselves since the number of patients at the 

computers will be increased for these scenarios. Therefore, patients’ average throughput time has 

increased by 2.63 %, 3.64 %, and 6.0 % for the three scenarios. The increasing percentage can be 

explained by the different capacity scheduling systems used for the three scenarios. In the capacity system 

of scenario 17 and 18 (equal to planning 5 and 9) fewer resources are scheduled especially at the 

beginning and the end of the day such that queues will be building up and throughput time will be 

increased throughout the day.  

 
8.4.1 Practical implications part inpatients to computer before intake 

The scenarios in which patients of class M1 go to the computer before intake are straightforward to 

implement since the capacity (and appointment) schedules used for these scenarios give specific 

information about how resources (and patients) should be scheduled.  

 

8.5 Cost of scheduling resources 

In this section, the capacity requirements and cost of scheduling resources for the different scenarios will 

be discussed. In order to calculate the number of Full Time Equivalent (FTE) that will be required per 

staff function for each scenario the following formula
9
 is used: 

 

 ���  ����6,�Z V����, +* �**��[6M� �+�,� ��, ����  <   51 �����1552  (50)  

 

Catharina Hospital uses 51 weeks to calculate the number of effective hours required for each staff 

function per year, because the clinic is closed for 5 working days each year due to public holidays. 

Furthermore, 1552 effective work hours per year is equal to one FTE at Catharina Hospital. In order to 

                                                      
9
  Source: J. van Aarle, Bouw en Inrichting, Catharina Hospital 
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calculate the capacity requirements of the screening physicians 6 hours per weekday is assigned for 

approving patient files which will be performed by the anesthesiologist. Moreover, the back office 

activities performed by the policlinic employees are taken into account. 

Next to this, the salary costs
10

 are calculated which are € 18.71 per effective hour for each policlinic 

employee, € 22.59 per effective hour for scheduling a nurse, € 38.85 per effective hour for each basic 

physician, and € 130 per effective hour for scheduling an anesthesiologist. Details of the number of FTE 

required and cost of scheduling resources per year per scenario can be seen in Appendix IX.  

 

The results of the most relevant appointment systems and capacity scheduling systems are shown in 

Figure 14.  

 

 

Figure 14: Cost of scheduling resources per scenario 

 

When analyzing the different scenarios that meet all performance measures (shown at the left side of 

Figure 14) it can be seen that the first scenario will be the most expensive alternative (cost: € 671322 per 

year). From these total salary costs 41.03 % is assigned to scheduling nurses and basic physicians. Salary 

costs will be reduced by 0.21 % when resources will be added when numerous patients are waiting as 

examined in scenario 3. However, as mentioned before, this alternative will be less attractive to 

implement. When implementing a mixed system in which 5 % of the patient will be seen on appointment 

as shown in scenario 5, 0.88 % of the salary costs can be reduced. Moreover, when implementing a mixed 

system with 10 % appointment patients as in scenario 9, salary costs can be further reduced by 2.17 % of 

the total costs in scenario 1. The highest benefits related to salary costs will be obtained when using a 

scheduled system as shown in scenario 13, since costs will be reduced by 8.07 %. However, when using a 

scheduled system extra time need to be reserved to make all appointments. On average 20000 patients 

(including patient growth) will be served per year. For example, making one appointment will take 2.5 

minutes on average such that 833.33 hours extra capacity will be required per year which costs € 15592 if 

performed by a policlinic employee. When taking these extra costs into account, scenario 13 will reduce 

costs by 5.75 %. Next to this, Catharina Hospital may lose patients due to using a scheduled system since 

these patients feel bothered when they have to come back another day for the assessments. Therefore, 

scenario 5 and 9 will be preferable to implement which reduce costs by 0.77 % and 1.94 % when taking 

extra planning costs into account.  

                                                      
10

 Source: J. van Aarle, Bouw en Inrichting, Catharina Hospital 
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When analyzing the different scenarios that will meet the throughput time requirement (shown at the right 

side of Figure 14) it can be seen that walk-in scenario 2 is the most expensive alternative and costs € 

618817 per year. However, 7.82 % of the salary costs will be reduced with this capacity scheduling 

system compared to the first scenario that was investigated. Moreover, salary costs will be further reduced 

by 8.34 % (or 8.22 % after correction for extra costs) when using a mixed system with 5 % appointment 

patients as can be seen in scenario 7. When 10 % of the patients will be seen on appointment as shown in 

scenario 11 salary costs will be reduced by 9.04 % or 8.80 % after correction for extra planning costs. 

With scenario 15 a scheduled system will be implemented such that 11.61 % of the salary costs can be 

reduced. However, benefits will be reduced to 9.29 % when taking the extra costs of making 

appointments into account. 
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9 Conclusions and recommendations 

 

In this chapter the conclusions and recommendations are described. The conclusions that can be drawn 

from the different scenarios and their results are given in Section 9.1. Moreover, the recommendations 

regarding the appointment system and capacity planning at the PPOS are presented in section 9.2. Next to 

this, some general recommendations for the pre-operative process and suggestions for further research are 

presented in section 9.2. 

 

9.1 Conclusions  

The aim of this research was to improve the appointment system and capacity planning of the pre-

operative assessment clinic (PPOS) at Catharina Hospital. From the literature review and analysis of the 

pre-operative process implemented in August 2010 18 scenarios have been developed to examine the 

proposed situation and improve the performance of the PPOS. First of all, the capacity requirements are 

approximated for the current (non-) appointment system by using the queuing model. Furthermore, it is 

shown how, how much and when capacity should be scheduled for different appointment systems while 

minimizing throughput time and waiting time for patients and keeping cost as low as possible. 

After having successfully executed the scenario analysis by using the queuing model and the simulation 

model, the following conclusions can be drawn on how to schedule capacity in the proposed situation and 

how to improve the appointment system and capacity planning of the PPOS: 

 

Scheduling a varying number of resources throughout the day and week keeps cost and workload peaks 

for PPOS staff as low as possible while meeting the performance measures. The current (non-) 

appointment system at the PPOS sees patients on walk-in basis such that patients’ arrival pattern 

fluctuates throughout the day. In order to reduce cost while meeting the performance measures regarding 

patients’ waiting time a varying number of nurses and screening physicians is scheduled in scenario 1. 

This scenario cost € 671322 per year and patients’ will wait on average 01:15 minute before admission, 5 

seconds before the computers, 07:22 minutes before the nurse, and 07:14 minutes before screening. When 

using a mixed system in which 5 % or 10 % of the patients are seen on appointment the PPOS staff will 

experience the consequences of a fluctuating demand. From the scenario results, it can be concluded that 

scheduling a varying number of resources per hour and weekday results in achieving performance 

measures defined by the PPOS and keeping cost as low as possible. 

 

Patients’ waiting time and workload of PPOS staff during busy hours can be reduced by creating 

temporary extra capacity. Next to scheduling a varying number of resources, performance will be 

enhanced when adding extra resources in case of having numerous patients waiting. Patients’ waiting 

time will be reduced by 27.88 % before screening when the anesthesiologist start to screen if 4 or more 

patients are waiting between 10:00 and 16:00 each day. Less waiting time reduction is shown before the 

nurse (4.07 %) when the second nurse starts to serve patients when more than one patient is waiting. 

Additionally, patients’ waiting time before the nurse fluctuates between the days of the week which is not 

desirable. Next to this, resources immediately have to serve patients when numerous patients are waiting 

which is not realistic. Therefore, this alteration seems to be impractical to implement and is not further 

investigated for the other appointment systems. 

 

Scheduling appointments during low walk-in hours reduces throughput time, waiting time, workload 

peaks for PPOS staff and resource cost. From the scenario results it can be seen that scheduling 5 % of the 

patients during low walk-in hours reduces patients’ waiting time before admission by 18.67 % on average 

and before the computers by 20 %. When using the same capacity as used in scenario 1, waiting time at 

the nurse will be reduced by 24.89 % and a waiting time reduction of 23.04 % can be seen at the 

screening physician. With these waiting time reductions, patients’ average throughput time will be 
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reduced by 7.72 % per week as shown in scenario 4. Next to this, scenario 5 shows that salary cost can be 

reduced by 0.88 % or 0.77 % when adjusted for the extra capacity required to make appointments, while 

meeting all performance measures. Furthermore, it is shown that scheduling 10 % of the patients during 

low walk-in hours reduces patients’ waiting time before admission by 22.67 % on average and before the 

computer a waiting time reduction of 40 % can be seen. Moreover, when using the same capacity as used 

in scenario 1, waiting time at the nurse will be reduced by 25.34 %, waiting time at the screening 

physician will be reduced by 36.64 %, and patients’ average throughput time will be reduced by 10.62 % 

per week as shown in scenario 8. Next to this, scenario 9 shows that salary cost can be reduced by 2.17 % 

or 1.94 % when adjusted for the extra capacity required to make appointments, while meeting all 

performance measures. 

 

Increasing the number of appointment patients enhances the performance of the PPOS or reduces salary 

cost, while a complete scheduled system causes some disadvantages. From the results of the mixed 

systems, we see that a higher percentage of appointment patients will enhance performance or reduce 

salary cost at most. When using a scheduled system the highest performance benefits can be obtained 

since patients’ waiting time before admission will be reduced by 45.33 % on average and before the 

computer a waiting time reduction of 100 % can be seen. Moreover, when using the same capacity as 

used in scenario 1, waiting time at the nurse will be reduced by 63.35 %, waiting time at the screening 

physician will be reduced by 66.59 %, and patients’ average throughput time will be reduced by 20.75 % 

per week as shown in scenario 12. Next to this, scenario 13 shows salary costs will be reduced by 8.07 % 

or 5.75 % when adjusted for extra capacity required, while still achieving all performance measures. 

However, Catharina Hospital may lose patients due to using a scheduled system since these patients feel 

bothered when they have to come back another day for the assessments. Therefore using a scheduled 

system is not desirable and is in contradiction with the goal of characterizing the pre-operative process as 

a one-stop-shop process. 

 

Scheduling cost can be further reduced with scenarios in which only the throughput time requirement 

defined by the PPOS is taken into account. Next to the scenarios that determine the capacity requirements 

for situations in which all performance measures will be achieved, several scenarios have been 

investigated in which patients’ average throughput time will be smaller than or equal to 60.0 minutes. 

From these scenarios it can be concluded that walk-in scenario 2 is the most expensive alternative and 

costs € 618817 per year and reduces 7.82 % of the salary costs compared to scenario 1. Moreover, salary 

costs will be further reduced by 8.34 % (or 8.22 % after correction for extra costs) when using a mixed 

system with 5 % appointment patients as can be seen in scenario 7. When 10 % of the patients will be 

seen on appointment as shown in scenario 11 salary costs will be reduced by 9.04 % or 8.80 % after 

correction for extra planning costs. With scenario 15 a scheduled system will be implemented such that 

11.61 % (or 9.29 % when corrected for extra capacity required) of the salary costs can be reduced. 

 

Referring a part of the inpatients to a computer before going to the intake reduces workload for nurses.  

In order to see how performance will change when implementing a different routing at the PPOS, the 

walk-in and mixed systems that meet the waiting time requirements are further examined. From the 

results of the scenarios in which 78 % of the inpatients fill in the pre-operative questionnaire on their own 

it can be concluded that all performance measures will be achieved while creating extra waiting time at 

the computer especially for the inpatients who depart all sub processes at the PPOS. However, waiting 

time at the nurse and screening physician decreases when using the new routing. Although, patients of 

class M1 (inpatients) have to wait four times at the PPOS to be served. From the results a higher 

fluctuation between the patients that go directly to a computer or to the nurse can be seen within all 

patient classes. Therefore, this alternative is less desirable to implement since the PPOS staff want to give 

each patient the same quality of service. 
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9.2 Recommendations 

In this section recommendations are given for the PPOS and the Pre-Operative process. First, the 

recommendations regarding the appointment system and capacity planning will be shown in 9.2.1. 

Moreover, recommendations for the total pre-operative process at Catharina Hospital are given in 9.2.2 

and recommendations for further research in the scientific field are shown in 9.2.3. 

 

9.2.1 Recommendations for the PPOS 

 

Control the number of patient arrivals by giving patients appointments during low walk-in hours. In the 

current (non-)appointment system patients that prefer to come back another time to do the pre-operative 

assessments are randomly assigned to a weekday and time without considering the possible high patient 

arrivals during these hours. To control the number of patient arrivals it is strongly recommended to plan 

the appointments during low walk-in hours as indicated by the appointment systems shown in this report 

in Appendix VII. 

 

Control demand and supply during high walk-in hours such that performance will be enhanced. From the 

scenario analysis it can be seen that using a walk-in or mixed system causes fluctuations in patients’ 

arrival pattern. In order to reduce patients’ throughput time during these hours or to reduce cost of 

scheduling nurses and screening physicians, it is recommended to use a varying number of resources per 

weekday and hour. Next to this, it is recommended to control demand by implementing a mixed system 

that refers 10 % of the patients during high walk-in hours to be seen on appointment in low walk-in hours 

and using capacity planning 9 of this report. This means that on average 13 patients on Monday, Tuesday, 

and Wednesday between 10:00-13:00 or 14:00-17:00 should be referred to the indicated (remaining) low 

walk-in hours of the week. When implementing this system it is advisable to make a selection between 

patients that are preferable to be referred during high walk-in hours and patients who are preferred to be 

seen at the day of arrival. This selection should be based on age and type of surgery, while taking 

exceptions such as emergency patients into account.  

 

Analyze patients’ arrival pattern at the PPOS after implementation of the new pre-operative process. As 

mentioned in paragraph 4.1, the arrival pattern is expected to have a small change because the nurse 

intake will be performed at the PPOS instead of doing this at the referring policlinic. However, there is no 

evidence that the new process will affect the arrival pattern and no insight could be obtained about the 

weight of this possibly arrival change. In order to enhance the capacity planning it is desirable to analyze 

whether the arrival pattern has changed after implementation and when necessary to make small 

adjustments to the capacity planning systems which are created. 

 

Review the tasks of the PPOS staff members. During the interviews with the PPOS staff it is mentioned 

that part of or all the intakes by the nurse can be performed by a policlinic employee. This is because, a 

part of the nurse intakes in which only the pre-operative questionnaire are filled in were performed by 

policlinic employees after implementation of the new process. However, before implementation it was 

assumed that only nurses were able to perform these intakes. 

Next to this, there is no uniform view on who performs the approval of patients for surgery. Although, 

everyone agrees that the anesthesiologist is responsible for approving patient files some of the screening 

physicians mentioned that approvals have been performed by the basic physicians under supervision of 

the anesthesiologist while others believe that only the anesthesiologist performs the approvals of patients 

for surgery. After discussions the last view is taken into account for this research. The way in which tasks 

are performed influences the capacity planning and quality of intakes and screening. Therefore, it is 

strongly recommended to improve the performance of the PPOS by reviewing the tasks of the PPOS staff 

members. 

 



53 

 

9.2.2 Recommendations for the Pre-Operative process 

Based on the interviews and observations during the research the following recommendations regarding 

the total pre-operative process at Catharina Hospital have been formulated: 

 

Implement an aggregate planning system between all policlinics which are involved in the pre-operative 

process. In order to achieve the goal of having a pre-operative screening process that is characterized by 

timely screening, effectiveness, and efficiency it is necessary that all policlinics organize their planning 

system in such a way that the different visits to the policlinics will be geared to one another. These visits 

include the referral visit by the specialist, the visit to the PPOS, and the visits to the policlinics that 

perform the additional pre-operative assessment such as an electrocardiogram (ECG), a blood sample, or 

an x-ray. With an integral planning system, the shortest routing (related to waiting time) between the 

remaining policlinics after the referral moment by the specialist can be defined. This planning system will 

reduce patients’ throughput time and enhances the performance of the pre-operative process. Besides, it 

will increase the possibility to do all assessments with each patient during one visit to the Catharina 

Hospital such that the pre-operative process will be characterized as a real one-stop-shop process. 

 

Control the number of patient arrivals by making agreements with policlinics that refer patients to the 

PPOS. In order to realize a pre-operative process that is characterized as an efficient one-stop-process in 

which patients’ throughput time and salary cost is as low as possible it is strongly recommended to make 

agreements with policlinics that refer the patients to the PPOS. It is advised that referring policlinics give 

patients an appointment when it is not likely that all assessments will be performed within that day. 

Moreover, to be able to implement the 10 % mixed system it is advisable to make agreements with the 

policlinics on how much, when and which patients should be referred to the PPOS. For example, 

agreements can be made with policlinics that refer a high volume to the PPOS which are general surgery, 

orthopedics, ophthalmology, and ear, nose, and throat surgery. When doing this, the before mentioned 

selection about which patients are preferred to come back on appointment as described in section 9.2.1 

should be taken into account. Moreover, to control the number of patient arrivals it is recommended to 

make agreements about when lunch breaks and consults with the specialist at the referring policlinics 

should be scheduled. At this moment referring policlinics schedule their consults and breaks without 

considering the effect of this scheduling system for the situation at the PPOS. In order to create a pre-

operative process in which patients’ throughput time and scheduling cost will be reduced it is strongly 

recommended to consider and make these agreements with the major part of all policlinics involved in 

this process which are mentioned before and let these policlinics work together.  

 

9.2.3 Recommendations for further research in the scientific field 

As recommendations for the Catharina Hospital can be made, there are many directions for further 

research in the scientific field. From literature it is concluded that only little research on designing 

appointment systems for pre-operative assessment clinics have been performed. Moreover, less literature 

is available about how to schedule resources when having a walk-in or mixed clinic with multiple 

resources and assessments.  This study showed how different appointment systems and capacity planning 

systems affects the performance at the PPOS. However, the results provided in this study are limited to 

the pre-operative assessment clinic of Catharina Hospital. In order to generalize findings, further research 

could focus on the evaluation of appointment systems and capacity planning systems used in other pre-

operative assessment clinics. Next to this, to improve the total pre-operative process of Hospitals further 

research is required which focus on the implementation and evaluation of an aggregate planning system 

between all policlinics which are involved in the pre-operative process. 
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Appendix I: Organizational chart Catharina Hospital 

 
Figure 15: Organizational chart Catharina Hospital  
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Appendix II: Normality assumption 

 

 
Table 25: Normality tests of admission 

Tests of Normality 

 Kolmogorov-Smirnov
a
 Shapiro-Wilk 

 Statistic df Sig. Statistic df Sig. 

Admission ,100 45 ,200
*
 ,978 45 ,545 

a. Lilliefors Significance Correction 

*. This is a lower bound of the true significance 

 
Figure 16: Histogram from measurements of admission 

 
 

Table 26: Normality tests of answering pre-operative questionnaire at computer 

Tests of Normality 

 Kolmogorov-Smirnov
a
 Shapiro-Wilk 

 Statistic df Sig. Statistic df Sig. 

Computer ,050 132 ,200
*
 ,981 132 ,057 

a. Lilliefors Significance Correction 

*. This is a lower bound of the true significance. 
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Figure 17: Histogram from measurements of answering pre-operative questionnaire at computer 

 
Table 27: Normality tests of screening children 

Tests of Normality 

 Kolmogorov-Smirnov
a
 Shapiro-Wilk 

 Statistic df Sig. Statistic df Sig. 

ScreeningChild ,141 29 ,145 ,958 29 ,288 

a. Lilliefors Significance Correction 
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Figure 18: Histogram from measurements of screening children 

 

Table 28: Normality tests of screening outpatients 

Tests of Normality 

 Kolmogorov-Smirnov
a
 Shapiro-Wilk 

 Statistic df Sig. Statistic df Sig. 

ScreeningOutpatient ,095 79 ,078 ,971 79 ,065 

a. Lilliefors Significance Correction 
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Figure 19: Histogram from measurements of screening outpatients 

Table 29: Normality tests of screening inpatients 

Tests of Normality 

 Kolmogorov-Smirnov
a
 Shapiro-Wilk 

 Statistic df Sig. Statistic df Sig. 

ScreeningInpatient ,074 95 ,200
*
 ,976 95 ,077 

a. Lilliefors Significance Correction 

*. This is a lower bound of the true significance. 
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Figure 20: Histogram from measurements of screening inpatients 

 

Table 30: Normality tests of answering pre-operative questionnaire with assistance 

Tests of Normality 

 Kolmogorov-Smirnov
a
 Shapiro-Wilk 

 Statistic df Sig. Statistic df Sig. 

PreOperativeQuestionnairewi

thAssistance 

,140 29 ,154 ,965 29 ,429 

a. Lilliefors Significance Correction 
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Figure 21: Histogram from measurements of answering pre-operative questionnaire with assistance 

 

Table 31: Normality tests of answering nursing questionnaire 

Tests of Normality 

 Kolmogorov-Smirnov
a
 Shapiro-Wilk 

 Statistic df Sig. Statistic df Sig. 

NurseQuestionnaire ,126 29 ,200
*
 ,979 29 ,820 

a. Lilliefors Significance Correction 

*. This is a lower bound of the true significance. 
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Figure 22: Histogram from measurements of answering nursing questionnaire 

 

 

Table 32: Normality tests of answering both questionnaires with assistance 

Tests of Normality 

 Kolmogorov-Smirnov
a
 Shapiro-Wilk 

 Statistic df Sig. Statistic df Sig. 

BothQuestionnaires ,174 25 ,050 ,933 25 ,104 

a. Lilliefors Significance Correction 
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Figure 23: Histogram from measurements of answering both questionnaires with assistance 

 

 
Figure 24: Histogram from measurements of approving patient files by anesthesiologist 
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Appendix III: Schedule and effective capacities, first scenario 

 
Table 33: Effective capacities policlinic employee, determined by queuing model 

Monday - Friday Hour 

 8-9 9-10 10-11 11-12 12-13 13-14 14-15 15-16 16-17 

# resources 1 1 1 1 1 1 1 1 1 

Effective capacity 0.95 0.95 0.95 0.95 0.9 0.95 0.95 0.95 0.95 

 
 

Table 34: Effective capacities nurses, determined by queuing model 

Day Hour 

 8-9 9-10 10-11 11-12 12-13 13-14 14-15 15-16 16-17 17-18 

Monday  

o Nurse 1 0.5 0.95 0.75 0.95 0.5 0.95 0.75    

o Nurse 2   0.75 0.95 0.5 0.95 0.75 0.95 0.95 0.5 

Tuesday  

o Nurse 1 0.5 0.95 0.75 0.95 0.5 0.95 0.75    

o Nurse 2   0.75 0.95 0.5 0.95 0.75 0.95 0.95 0.5 

Wednesday  

o Nurse 1 0.5 0.95 0.75 0.95 0.5 0.95 0.75    

o Nurse 2   0.75 0.95 0.5 0.95 0.75 0.95 0.95 0.5 

Thursday  

o Nurse 1 0.5 0.95 0.75 0.95 0.5 0.95 0.75    

o Nurse 2    0.95 0.5 0.95 0.75 0.95 0.95 0.5 

Friday  

o Nurse 1 0.5 0.95 0.75 0.95 0.5 0.95     

o Nurse 2     0.5 0.95 0.75 0.95 0.95 0.5 
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Table 35: Effective capacities screening physicians determined by queuing model) 

Day Hour 

 8-9 9-10 10-11 11-12 12-13 13-14 14-15 15-16 16-17 17-18 

Monday  

o Basic physician 1 0.5 0.95 0.75 0.95 0.95 0.5 0.95 0.75 0.95  

o Basic physician 2 0.5 0.95 0.75 0.95 0.95 0.5 0.95 0.75 0.95 0.5 

o Basic physician 3   0.75 0.95 0.95 0.5 0.95    

o Anesthesiologist       0.95 0.75   

Tuesday  

o Basic physician 1 0.5 0.95 0.75 0.95 0.95 0.5 0.95 0.75 0.95  

o Basic physician 2 0.5 0.95 0.75 0.95 0.95 0.5 0.95 0.75 0.95 0.5 

o Basic physician 3   0.75 0.95 0.95 0.5 0.95    

o Anesthesiologist       0.95 0.75   

Wednesday  

o Basic physician 1 0.5 0.95 0.75 0.95 0.95 0.5 0.95 0.75 0.5  

o Basic physician 2 0.5 0.95 0.75 0.95 0.95 0.5 0.95 0.75 0.95 0.5 

o Basic physician 3    0.95 0.95 0.5 0.95    

o Anesthesiologist       0.95 0.75   

Thursday  

o Basic physician 1 0.5 0.95 0.75 0.95 0.95 0.5 0.95 0.75 0.95  

o Basic physician 2 0.5 0.95 0.75 0.95 0.95 0.5 0.95 0.75 0.95 0.5 

o Basic physician 3     0.95 0.5     

o Anesthesiologist       0.95 0.75   

Friday  

o Basic physician 1 0.5 0.95 0.75 0.95 0.95 0.5 0.95 0.75 0.5  

o Basic physician 2 0.5 0.95 0.75 0.95 0.95 0.5 0.95 0.75 0.95 0.5 

o Anesthesiologist       0.95 0.75   
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Appendix IV: Overview simulation model 

 
Figure 25: Overview simulation model 
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Appendix V: Sub-processes simulation model 
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Figure 26: Walk-in patient generator per patient class, per hour 
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Figure 27: Appointment generator per patient class 
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Figure 28: Station with extras 
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Figure 29: Station 
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Appendix VI: Capacity planning per scenario 

 

Capacity planning 1 (waiting time < = 7.5 minutes, walk-in) 

 
Table 36: Effective capacities per hour per nurse; planning 1 

Day Hour 

 8-9 9-10 10-11 11-12 12-13 13-14 14-15 15-16 16-17 17-18 

Monday  

o Nurse 1 0.5 0.95 0.75 0.95 0.5 0.95 0.75 0.95 0.95  

o Nurse 2   0.75 0.95 0.5 0.95 0.75 0.95 0.95 0.5 

Tuesday            

o Nurse 1 0.5 0.95 0.75 0.95 0.5 0.95 0.75 0.95 0.95  

o Nurse 2  0.95 0.75 0.95 0.5 0.95 0.75 0.95 0.95 0.5 

Wednesday   

o Nurse 1 0.5 0.95 0.75 0.95 0.5 0.95 0.75 0.95 0.95  

o Nurse 2   0.75 0.95 0.5 0.95 0.75 0.95 0.95 0.5 

Thursday      

o Nurse 1 0.5 0.95 0.75 0.95 0.5 0.95 0.75    

o Nurse 2   0.75 0.95 0.5 0.95 0.75 0.95 0.95 0.5 

Friday            

o Nurse 1 0.5 0.95 0.75 0.95 0.5 0.95     

o Nurse 2   0.75 0.95 0.5 0.95 0.75 0.95 0.95 0.5 

 
Table 37: Effective capacities per hour per screening physician; planning 1 

Day Hour 

 8-9 9-10 10-11 11-12 12-13 13-14 14-15 15-16 16-17 17-18 

Monday  

o Basic physician 1 0.5 0.95 0.75 0.95 0.95 0.5 0.95 0.75 0.95  

o Basic physician 2 0.5 0.95 0.75 0.95 0.95 0.5 0.95 0.75 0.95 0.5 

o Basic physician 3   0.75 0.95 0.95 0.5 0.95 0.75 0.95  

o Anesthesiologist       0.95 0.95   

Tuesday    

o Basic physician 1 0.5 0.95 0.75 0.95 0.95 0.5 0.95 0.75 0.95  

o Basic physician 2 0.5 0.95 0.75 0.95 0.95 0.5 0.95 0.75 0.95 0.5 

o Basic physician 3   0.75 0.95 0.95 0.5 0.95 0.75 0.95  

o Anesthesiologist       0.95 0.95   

Wednesday    

o Basic physician 1 0.5 0.95 0.75 0.95 0.95 0.5 0.95 0.75 0.95  

o Basic physician 2 0.5 0.95 0.75 0.95 0.95 0.5 0.95 0.75 0.95 0.5 

o Basic physician 3    0.95 0.95 0.5 0.95 0.75 0.95  

o Anesthesiologist       0.95 0.95   

Thursday    

o Basic physician 1 0.5 0.95 0.75 0.95 0.95 0.5 0.95 0.75 0.95  

o Basic physician 2 0.5 0.95 0.75 0.95 0.95 0.5 0.95 0.75 0.95 0.5 

o Basic physician 3     0.95 0.5 0.95 0.75 0.95  

o Anesthesiologist       0.95 0.95   

Friday   

o Basic physician 1 0.5 0.95 0.75 0.95 0.95 0.5 0.95 0.75   

o Basic physician 2 0.5 0.95 0.75 0.95 0.95 0.5 0.95 0.75 0.95 0.5 

o Basic physician 3     0.95 0.5 0.95    

o Anesthesiologist       0.95 0.95   
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Capacity planning 2 (throughput time < = 60 minutes, walk-in) 

 
Table 38: Effective capacities per hour per nurse; planning 2 

Day Hour 

 8-9 9-10 10-11 11-12 12-13 13-14 14-15 15-16 16-17 17-18 

Monday  

o Nurse 1 0.5 0.95 0.75 0.95 0.5 0.95 0.75 0.95 0.95  

o Nurse 2   0.75 0.95 0.5 0.95 0.75 0.95 0.95 0.5 

Tuesday            

o Nurse 1 0.5 0.95 0.75 0.95 0.5 0.95 0.75 0.95 0.95  

o Nurse 2  0.95 0.75 0.95 0.5 0.95 0.75 0.95 0.95 0.5 

Wednesday   

o Nurse 1 0.5 0.95 0.75 0.95 0.5 0.95 0.75 0.95 0.95  

o Nurse 2   0.75 0.95 0.5 0.95 0.75 0.95 0.95 0.5 

Thursday      

o Nurse 1 0.5 0.95 0.75 0.95 0.5 0.95 0.75    

o Nurse 2   0.75 0.95 0.5 0.95 0.75 0.95 0.95 0.5 

Friday            

o Nurse 1 0.5 0.95 0.75 0.95 0.5 0.95     

o Nurse 2   0.75 0.95 0.5 0.95 0.75 0.95 0.95 0.5 

 

 
Table 39: Effective capacities per hour per screening physician; planning 2 

Day Hour 

 8-9 9-10 10-11 11-12 12-13 13-14 14-15 15-16 16-17 17-18 

Monday  

o Basic physician 1 0.5 0.95 0.75 0.95 0.95 0.5 0.95 0.75 0.95  

o Basic physician 2   0.75 0.95 0.95 0.5 0.95 0.75 0.95 0.5 

o Basic physician 3     0.95 0.5 0.95 0.75   

o Anesthesiologist       0.95 0.95   

Tuesday    

o Basic physician 1 0.5 0.95 0.75 0.95 0.95 0.5 0.95 0.75 0.95  

o Basic physician 2   0.75 0.95 0.95 0.5 0.95 0.75 0.95 0.5 

o Basic physician 3     0.95 0.5 0.95    

o Anesthesiologist       0.95 0.95   

Wednesday    

o Basic physician 1 0.5 0.95 0.75 0.95 0.95 0.5 0.95 0.75 0.95  

o Basic physician 2   0.75 0.95 0.95 0.5 0.95 0.75 0.95 0.5 

o Basic physician 3     0.95 0.5 0.95    

o Anesthesiologist       0.95 0.95   

Thursday    

o Basic physician 1 0.5 0.95 0.75 0.95 0.95 0.5 0.95 0.75 0.95  

o Basic physician 2    0.95 0.95 0.5 0.95 0.75 0.95 0.5 

o Anesthesiologist       0.95 0.95   

Friday    

o Basic physician 1 0.5 0.95 0.75 0.95 0.95 0.5     

o Basic physician 2    0.95 0.95 0.5 0.95 0.75 0.95 0.5 

o Anesthesiologist       0.95 0.95   
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Capacity planning 4 (waiting time < = 7.5 minutes, 5 % appointment, same capacity rescheduled) 

 
Table 40: Effective capacities per hour per nurse; planning 4 

Day Hour 

 8-9 9-10 10-11 11-12 12-13 13-14 14-15 15-16 16-17 17-18 

Monday  

o Nurse 1 0.5 0.95 0.75 0.95 0.5 0.95 0.75 0.95   

o Nurse 2  0.95 0.75 0.95 0.5 0.95 0.75 0.95 0.95 0.5 

Tuesday            

o Nurse 1 0.5 0.95 0.75 0.95 0.5 0.95 0.75 0.95   

o Nurse 2  0.95 0.75 0.95 0.5 0.95 0.75 0.95 0.95 0.5 

Wednesday   

o Nurse 1 0.5 0.95 0.75 0.95 0.5 0.95 0.75 0.95 0.95  

o Nurse 2   0.75 0.95 0.5 0.95 0.75 0.95 0.95 0.5 

Thursday      

o Nurse 1 0.5 0.95 0.75 0.95 0.5 0.95 0.75    

o Nurse 2   0.75 0.95 0.5 0.95 0.75 0.95 0.95 0.5 

Friday            

o Nurse 1 0.5 0.95 0.75 0.95 0.5 0.95 0.75    

o Nurse 2   0.75 0.95 0.5 0.95 0.75 0.95 0.95 0.5 

 

 
Table 41: Effective capacities per hour per screening physician; planning 4 

Day Hour 

 8-9 9-10 10-11 11-12 12-13 13-14 14-15 15-16 16-17 17-18 

Monday  

o Basic physician 1 0.5 0.95 0.75 0.95 0.95 0.5 0.95 0.75 0.95  

o Basic physician 2 0.5 0.95 0.75 0.95 0.95 0.5 0.95 0.75 0.95 0.5 

o Basic physician 3  0.95 0.75 0.95 0.95 0.5 0.95 0.75   

o Anesthesiologist       0.95 0.95   

Tuesday    

o Basic physician 1 0.5 0.95 0.75 0.95 0.95 0.5 0.95 0.75 0.95  

o Basic physician 2 0.5 0.95 0.75 0.95 0.95 0.5 0.95 0.75 0.95 0.5 

o Basic physician 3  0.95 0.75 0.95 0.95 0.5 0.95 0.75   

o Anesthesiologist       0.95 0.95   

Wednesday    

o Basic physician 1 0.5 0.95 0.75 0.95 0.95 0.5 0.95 0.75 0.95  

o Basic physician 2 0.5 0.95 0.75 0.95 0.95 0.5 0.95 0.75 0.95 0.5 

o Basic physician 3   0.75 0.95 0.95 0.5 0.95 0.75   

o Anesthesiologist       0.95 0.95   

Thursday    

o Basic physician 1 0.5 0.95 0.75 0.95 0.95 0.5 0.95 0.75 0.95  

o Basic physician 2 0.5 0.95 0.75 0.95 0.95 0.5 0.95 0.75 0.95 0.5 

o Basic physician 3    0.95 0.95 0.5 0.95 0.75   

o Anesthesiologist       0.95 0.95   

Friday    

o Basic physician 1 0.5 0.95 0.75 0.95 0.95 0.5 0.95 0.75   

o Basic physician 2 0.5 0.95 0.75 0.95 0.95 0.5 0.95 0.75 0.95 0.5 

o Basic physician 3    0.95 0.95 0.5     

o Anesthesiologist      0.95 0.95    

 

  



76 

 

Capacity planning 5 (waiting time < = 7.5 minutes, 5 % appointment, reduced capacity) 

 

 
Table 42: Effective capacities per hour per nurse; planning 5 

Day Hour 

 8-9 9-10 10-11 11-12 12-13 13-14 14-15 15-16 16-17 17-18 

Monday  

o Nurse 1 0.5 0.95 0.75 0.95 0.5 0.95 0.75    

o Nurse 2  0.95 0.75 0.95 0.5 0.95 0.75 0.95 0.95 0.5 

Tuesday            

o Nurse 1 0.5 0.95 0.75 0.95 0.5 0.95 0.75    

o Nurse 2  0.95 0.75 0.95 0.5 0.95 0.75 0.95 0.95 0.5 

Wednesday   

o Nurse 1 0.5 0.95 0.75 0.95 0.5 0.95 0.75 0.95 0.95  

o Nurse 2   0.75 0.95 0.5 0.95 0.75 0.95 0.95 0.5 

Thursday      

o Nurse 1 0.5 0.95 0.75 0.95 0.5 0.95 0.75    

o Nurse 2   0.75 0.95 0.5 0.95 0.75 0.95 0.95 0.5 

Friday            

o Nurse 1 0.5 0.95 0.75 0.95 0.5 0.95     

o Nurse 2   0.75 0.95 0.5 0.95 0.75 0.95 0.95 0.5 

 

 
Table 43: Effective capacities per hour per screening physician; planning 5 

Day Hour 

 8-9 9-10 10-11 11-12 12-13 13-14 14-15 15-16 16-17 17-18 

Monday  

o Basic physician 1 0.5 0.95 0.75 0.95 0.95 0.5 0.95 0.75 0.95  

o Basic physician 2 0.5 0.95 0.75 0.95 0.95 0.5 0.95 0.75 0.95 0.5 

o Basic physician 3  0.95 0.75 0.95 0.95 0.5 0.95 0.75   

o Anesthesiologist       0.95 0.95   

Tuesday    

o Basic physician 1 0.5 0.95 0.75 0.95 0.95 0.5 0.95 0.75   

o Basic physician 2 0.5 0.95 0.75 0.95 0.95 0.5 0.95 0.75 0.95 0.5 

o Basic physician 3  0.95 0.75 0.95 0.95 0.5 0.95 0.75   

o Anesthesiologist       0.95 0.95   

Wednesday    

o Basic physician 1 0.5 0.95 0.75 0.95 0.95 0.5 0.95 0.75 0.95  

o Basic physician 2 0.5 0.95 0.75 0.95 0.95 0.5 0.95 0.75 0.95 0.5 

o Basic physician 3   0.75 0.95 0.95 0.5 0.95 0.75   

o Anesthesiologist       0.95 0.95   

Thursday    

o Basic physician 1 0.5 0.95 0.75 0.95 0.95 0.5 0.95 0.75 0.95  

o Basic physician 2 0.5 0.95 0.75 0.95 0.95 0.5 0.95 0.75 0.95 0.5 

o Basic physician 3    0.95 0.95 0.5 0.95 0.75   

o Anesthesiologist       0.95 0.95   

Friday    

o Basic physician 1 0.5 0.95 0.75 0.95 0.95 0.5 0.95 0.75   

o Basic physician 2 0.5 0.95 0.75 0.95 0.95 0.5 0.95 0.75 0.95 0.5 

o Basic physician 3    0.95 0.95 0.5     

o Anesthesiologist      0.95 0.95    
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Capacity planning 6 (throughput time < = 60 minutes, 5 % appointment, same capacity rescheduled) 

 

 
Table 44: Effective capacities per hour per nurse; planning 6 

Day Hour 

 8-9 9-10 10-11 11-12 12-13 13-14 14-15 15-16 16-17 17-18 

Monday  

o Nurse 1 0.5 0.95 0.75 0.95 0.5 0.95 0.75 0.95   

o Nurse 2  0.95 0.75 0.95 0.5 0.95 0.75 0.95 0.95 0.5 

Tuesday            

o Nurse 1 0.5 0.95 0.75 0.95 0.5 0.95 0.75 0.95   

o Nurse 2  0.95 0.75 0.95 0.5 0.95 0.75 0.95 0.95 0.5 

Wednesday   

o Nurse 1 0.5 0.95 0.75 0.95 0.5 0.95 0.75 0.95 0.95  

o Nurse 2   0.75 0.95 0.5 0.95 0.75 0.95 0.95 0.5 

Thursday      

o Nurse 1 0.5 0.95 0.75 0.95 0.5 0.95 0.75    

o Nurse 2   0.75 0.95 0.5 0.95 0.75 0.95 0.95 0.5 

Friday            

o Nurse 1 0.5 0.95 0.75 0.95 0.5 0.95 0.75    

o Nurse 2   0.75 0.95 0.5 0.95 0.75 0.95 0.95 0.5 

 

 
Table 45: Effective capacities per hour per screening physician; planning 6 

Day Hour 

 8-9 9-10 10-11 11-12 12-13 13-14 14-15 15-16 16-17 17-18 

Monday  

o Basic physician 1 0.5 0.95 0.75 0.95 0.95 0.5 0.95 0.75   

o Basic physician 2  0.95 0.75 0.95 0.95 0.5 0.95 0.75 0.95 0.5 

o Basic physician 3     0.95 0.5     

o Anesthesiologist       0.95 0.95   

Tuesday    

o Basic physician 1 0.5 0.95 0.75 0.95 0.95 0.5 0.95 0.75   

o Basic physician 2  0.95 0.75 0.95 0.95 0.5 0.95 0.75 0.95 0.5 

o Basic physician 3     0.95 0.5 0.95    

o Anesthesiologist       0.95 0.95   

Wednesday    

o Basic physician 1 0.5 0.95 0.75 0.95 0.95 0.5 0.95 0.75   

o Basic physician 2  0.95 0.75 0.95 0.95 0.5 0.95 0.75 0.95 0.5 

o Basic physician 3     0.95 0.5 0.95    

o Anesthesiologist       0.95 0.95   

Thursday    

o Basic physician 1 0.5 0.95 0.75 0.95 0.95 0.5 0.95 0.75   

o Basic physician 2  0.95 0.75 0.95 0.95 0.5 0.95 0.75 0.95 0.5 

o Anesthesiologist       0.95 0.95   

Friday    

o Basic physician 1 0.5 0.95 0.75 0.95 0.95 0.5 0.95    

o Basic physician 2    0.95 0.95 0.5 0.95 0.75 0.95 0.5 

o Anesthesiologist     0.95 0.95     
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Capacity planning 7 (throughput time < = 60 minutes, 5 % appointment, reduced capacity) 

 

 
Table 46: Effective capacities per hour per nurse; planning 7 

Day Hour 

 8-9 9-10 10-11 11-12 12-13 13-14 14-15 15-16 16-17 17-18 

Monday  

o Nurse 1 0.5 0.95 0.75 0.95 0.5 0.95 0.75    

o Nurse 2  0.95 0.75 0.95 0.5 0.95 0.75 0.95 0.95 0.5 

Tuesday            

o Nurse 1 0.5 0.95 0.75 0.95 0.5 0.95 0.75    

o Nurse 2  0.95 0.75 0.95 0.5 0.95 0.75 0.95 0.95 0.5 

Wednesday   

o Nurse 1 0.5 0.95 0.75 0.95 0.5 0.95 0.75 0.95 0.95  

o Nurse 2   0.75 0.95 0.5 0.95 0.75 0.95 0.95 0.5 

Thursday      

o Nurse 1 0.5 0.95 0.75 0.95 0.5 0.95 0.75    

o Nurse 2   0.75 0.95 0.5 0.95 0.75 0.95 0.95 0.5 

Friday            

o Nurse 1 0.5 0.95 0.75 0.95 0.5 0.95     

o Nurse 2   0.75 0.95 0.5 0.95 0.75 0.95 0.95 0.5 

 

 
Table 47: Effective capacities per hour per screening physician; planning 7 

Day Hour 

 8-9 9-10 10-11 11-12 12-13 13-14 14-15 15-16 16-17 17-18 

Monday  

o Basic physician 1 0.5 0.95 0.75 0.95 0.95 0.5 0.95 0.75   

o Basic physician 2  0.95 0.75 0.95 0.95 0.5 0.95 0.75 0.95 0.5 

o Basic physician 3     0.95 0.5     

o Anesthesiologist       0.95 0.95   

Tuesday    

o Basic physician 1 0.5 0.95 0.75 0.95 0.95 0.5 0.95 0.75   

o Basic physician 2  0.95 0.75 0.95 0.95 0.5 0.95 0.75 0.95 0.5 

o Basic physician 3     0.95 0.5 0.95    

o Anesthesiologist       0.95 0.95   

Wednesday    

o Basic physician 1 0.5 0.95 0.75 0.95 0.95 0.5 0.95 0.75   

o Basic physician 2  0.95 0.75 0.95 0.95 0.5 0.95 0.75 0.95 0.5 

o Basic physician 3     0.95 0.5 0.95    

o Anesthesiologist       0.95 0.95   

Thursday    

o Basic physician 1 0.5 0.95 0.75 0.95 0.95 0.5 0.95 0.75   

o Basic physician 2  0.95 0.75 0.95 0.95 0.5 0.95 0.75 0.95 0.5 

o Anesthesiologist       0.95 0.95   

Friday    

o Basic physician 1 0.5 0.95 0.75 0.95 0.95 0.5 0.95    

o Basic physician 2    0.95 0.95 0.5 0.95 0.75 0.95 0.5 

o Anesthesiologist     0.95 0.95     
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Capacity planning 8 (waiting time < = 7.5 minutes, 10 % appointment, same capacity rescheduled) 

 

 
Table 48: Effective capacities per hour per nurse; planning 8 

Day Hour 

 8-9 9-10 10-11 11-12 12-13 13-14 14-15 15-16 16-17 17-18 

Monday  

o Nurse 1 0.5 0.95 0.75 0.95 0.5 0.95 0.75 0.95   

o Nurse 2   0.75 0.95 0.5 0.95 0.75 0.95 0.95 0.5 

Tuesday            

o Nurse 1 0.5 0.95 0.75 0.95 0.5 0.95 0.75 0.95   

o Nurse 2   0.75 0.95 0.5 0.95 0.75 0.95 0.95 0.5 

Wednesday   

o Nurse 1 0.5 0.95 0.75 0.95 0.5 0.95 0.75 0.95 0.95  

o Nurse 2   0.75 0.95 0.5 0.95 0.75 0.95 0.95 0.5 

Thursday      

o Nurse 1 0.5 0.95 0.75 0.95 0.5 0.95 0.75 0.95   

o Nurse 2   0.75 0.95 0.5 0.95 0.75 0.95 0.95 0.5 

Friday            

o Nurse 1 0.5 0.95 0.75 0.95 0.5 0.95 0.75 0.95   

o Nurse 2   0.75 0.95 0.5 0.95 0.75 0.95 0.95 0.5 

 

 
Table 49: Effective capacities per hour per screening physician; planning 8 

Day Hour 

 8-9 9-10 10-11 11-12 12-13 13-14 14-15 15-16 16-17 17-18 

Monday  

o Basic physician 1 0.5 0.95 0.75 0.95 0.95 0.5 0.95 0.75 0.95  

o Basic physician 2 0.5 0.95 0.75 0.95 0.95 0.5 0.95 0.75 0.95 0.5 

o Basic physician 3   0.75 0.95 0.95 0.5 0.95 0.75   

o Anesthesiologist      0.95 0.95    

Tuesday    

o Basic physician 1 0.5 0.95 0.75 0.95 0.95 0.5 0.95 0.75 0.95  

o Basic physician 2 0.5 0.95 0.75 0.95 0.95 0.5 0.95 0.75 0.95 0.5 

o Basic physician 3   0.75 0.95 0.95 0.5 0.95 0.75 0.5  

o Anesthesiologist      0.95 0.95    

Wednesday    

o Basic physician 1 0.5 0.95 0.75 0.95 0.95 0.5 0.95 0.75 0.95  

o Basic physician 2 0.5 0.95 0.75 0.95 0.95 0.5 0.95 0.75 0.95 0.5 

o Basic physician 3   0.75 0.95 0.95 0.5 0.95 0.75   

o Anesthesiologist      0.95 0.95    

Thursday    

o Basic physician 1 0.5 0.95 0.75 0.95 0.95 0.5 0.95 0.75 0.95  

o Basic physician 2 0.5 0.95 0.75 0.95 0.95 0.5 0.95 0.75 0.95 0.5 

o Basic physician 3   0.75 0.95 0.95 0.5 0.95 0.75   

o Anesthesiologist      0.95 0.95    

Friday    

o Basic physician 1 0.5 0.95 0.75 0.95 0.95 0.5 0.95 0.75   

o Basic physician 2 0.5 0.95 0.75 0.95 0.95 0.5 0.95 0.75 0.95  

o Basic physician 3    0.95 0.95 0.5 0.95 0.75   

o Anesthesiologist      0.95 0.95    
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Capacity planning 9 (waiting time < = 7.5 minutes, 10 % appointment, reduced capacity) 

 

 
Table 50: Effective capacities per hour per nurse; planning 9 

Day Hour 

 8-9 9-10 10-11 11-12 12-13 13-14 14-15 15-16 16-17 17-18 

Monday  

o Nurse 1 0.5 0.95 0.75 0.95 0.5 0.95 0.75    

o Nurse 2   0.75 0.95 0.5 0.95 0.75 0.95 0.95 0.5 

Tuesday            

o Nurse 1 0.5 0.95 0.75 0.95 0.5 0.95 0.75    

o Nurse 2   0.75 0.95 0.5 0.95 0.75 0.95 0.95 0.5 

Wednesday   

o Nurse 1 0.5 0.95 0.75 0.95 0.5 0.95 0.75 0.95   

o Nurse 2   0.75 0.95 0.5 0.95 0.75 0.95 0.95 0.5 

Thursday      

o Nurse 1 0.5 0.95 0.75 0.95 0.5 0.95 0.75 0.95   

o Nurse 2    0.95 0.5 0.95 0.75 0.95 0.95 0.5 

Friday            

o Nurse 1 0.5 0.95 0.75 0.95 0.5 0.95 0.75 0.95   

o Nurse 2   0.75 0.95 0.5 0.95 0.75 0.95 0.95  

 

 
Table 51: Effective capacities per hour per screening physician; planning 9 

Day Hour 

 8-9 9-10 10-11 11-12 12-13 13-14 14-15 15-16 16-17 17-18 

Monday  

o Basic physician 1 0.5 0.95 0.75 0.95 0.95 0.5 0.95 0.75 0.95  

o Basic physician 2 0.5 0.95 0.75 0.95 0.95 0.5 0.95 0.75 0.95 0.5 

o Basic physician 3     0.95 0.5 0.95 0.75   

o Anesthesiologist      0.95 0.95    

Tuesday    

o Basic physician 1 0.5 0.95 0.75 0.95 0.95 0.5 0.95 0.75 0.95  

o Basic physician 2 0.5 0.95 0.75 0.95 0.95 0.5 0.95 0.75 0.95 0.5 

o Basic physician 3    0.95 0.95 0.5 0.95 0.75   

o Anesthesiologist      0.95 0.95    

Wednesday    

o Basic physician 1 0.5 0.95 0.75 0.95 0.95 0.5 0.95 0.75 0.95  

o Basic physician 2 0.5 0.95 0.75 0.95 0.95 0.5 0.95 0.75 0.95 0.5 

o Basic physician 3    0.95 0.95 0.5 0.95 0.75   

o Anesthesiologist      0.95 0.95    

Thursday    

o Basic physician 1 0.5 0.95 0.75 0.95 0.95 0.5 0.95 0.75 0.5  

o Basic physician 2 0.5 0.95 0.75 0.95 0.95 0.5 0.95 0.75 0.95 0.5 

o Basic physician 3    0.95 0.95 0.5 0.95 0.75   

o Anesthesiologist      0.95 0.95    

Friday    

o Basic physician 1 0.5 0.95 0.75 0.95 0.95 0.5 0.95 0.75   

o Basic physician 2 0.5 0.95 0.75 0.95 0.95 0.5 0.95 0.75 0.95  

o Basic physician 3    0.95 0.95 0.5 0.95 0.75   

o Anesthesiologist      0.95 0.95    
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Capacity planning 10 (throughput time < = 60 minutes, 10 % appointment, same capacity 

rescheduled) 

 

 
Table 52: Effective capacities per hour per nurse; planning 10 

Day Hour 

 8-9 9-10 10-11 11-12 12-13 13-14 14-15 15-16 16-17 17-18 

Monday  

o Nurse 1 0.5 0.95 0.75 0.95 0.5 0.95 0.75 0.95   

o Nurse 2   0.75 0.95 0.5 0.95 0.75 0.95 0.95 0.5 

Tuesday            

o Nurse 1 0.5 0.95 0.75 0.95 0.5 0.95 0.75 0.95   

o Nurse 2   0.75 0.95 0.5 0.95 0.75 0.95 0.95 0.5 

Wednesday   

o Nurse 1 0.5 0.95 0.75 0.95 0.5 0.95 0.75 0.95 0.95  

o Nurse 2   0.75 0.95 0.5 0.95 0.75 0.95 0.95 0.5 

Thursday      

o Nurse 1 0.5 0.95 0.75 0.95 0.5 0.95 0.75 0.95   

o Nurse 2   0.75 0.95 0.5 0.95 0.75 0.95 0.95 0.5 

Friday            

o Nurse 1 0.5 0.95 0.75 0.95 0.5 0.95 0.75 0.95   

o Nurse 2   0.75 0.95 0.5 0.95 0.75 0.95 0.95 0.5 

 

 
Table 53: Effective capacities per hour per screening physician; planning 10 

Day Hour 

 8-9 9-10 10-11 11-12 12-13 13-14 14-15 15-16 16-17 17-18 

Monday  

o Basic physician 1 0.5 0.95 0.75 0.95 0.95 0.5 0.95 0.75 0.5  

o Basic physician 2  0.95 0.75 0.95 0.95 0.5 0.95 0.75 0.95 0.5 

o Anesthesiologist      0.95 0.95    

Tuesday    

o Basic physician 1 0.5 0.95 0.75 0.95 0.95 0.5 0.95 0.75 0.95  

o Basic physician 2  0.95 0.75 0.95 0.95 0.5 0.95 0.75 0.95 0.5 

o Anesthesiologist      0.95 0.95    

Wednesday    

o Basic physician 1 0.5 0.95 0.75 0.95 0.95 0.5 0.95 0.75 0.95  

o Basic physician 2  0.95 0.75 0.95 0.95 0.5 0.95 0.75 0.95 0.5 

o Anesthesiologist      0.95 0.95    

Thursday    

o Basic physician 1 0.5 0.95 0.75 0.95 0.95 0.5 0.95 0.75 0.95  

o Basic physician 2  0.95 0.75 0.95 0.95 0.5 0.95 0.75 0.95 0.5 

o Anesthesiologist      0.95 0.95    

Friday    

o Basic physician 1 0.5 0.95 0.75 0.95 0.95 0.5 0.95 0.75 0.95  

o Basic physician 2  0.95 0.75 0.95 0.95 0.5 0.95 0.75 0.95  

o Anesthesiologist     0.95 0.95     
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Capacity planning 11 (throughput time < = 60 minutes, 10 % appointment, reduced capacity) 

 

 
Table 54: Effective capacities per hour per nurse; planning 11 

Day Hour 

 8-9 9-10 10-11 11-12 12-13 13-14 14-15 15-16 16-17 17-18 

Monday  

o Nurse 1 0.5 0.95 0.75 0.95 0.5 0.95 0.75    

o Nurse 2   0.75 0.95 0.5 0.95 0.75 0.95 0.95 0.5 

Tuesday            

o Nurse 1 0.5 0.95 0.75 0.95 0.5 0.95 0.75    

o Nurse 2   0.75 0.95 0.5 0.95 0.75 0.95 0.95 0.5 

Wednesday   

o Nurse 1 0.5 0.95 0.75 0.95 0.5 0.95 0.75 0.95   

o Nurse 2   0.75 0.95 0.5 0.95 0.75 0.95 0.95 0.5 

Thursday      

o Nurse 1 0.5 0.95 0.75 0.95 0.5 0.95 0.75 0.95   

o Nurse 2    0.95 0.5 0.95 0.75 0.95 0.95 0.5 

Friday            

o Nurse 1 0.5 0.95 0.75 0.95 0.5 0.95 0.75 0.95   

o Nurse 2   0.75 0.95 0.5 0.95 0.75 0.95 0.95  

 

 

 
Table 55: Effective capacities per hour per screening physician; planning 11 

Day Hour 

 8-9 9-10 10-11 11-12 12-13 13-14 14-15 15-16 16-17 17-18 

Monday  

o Basic physician 1 0.5 0.95 0.75 0.95 0.95 0.5 0.95 0.75 0.5  

o Basic physician 2  0.95 0.75 0.95 0.95 0.5 0.95 0.75 0.95 0.5 

o Anesthesiologist      0.95 0.95    

Tuesday    

o Basic physician 1 0.5 0.95 0.75 0.95 0.95 0.5 0.95 0.75 0.95   

o Basic physician 2  0.95 0.75 0.95 0.95 0.5 0.95 0.75 0.95 0.5 

o Anesthesiologist      0.95 0.95    

Wednesday    

o Basic physician 1 0.5 0.95 0.75 0.95 0.95 0.5 0.95 0.75 0.95  

o Basic physician 2  0.95 0.75 0.95 0.95 0.5 0.95 0.75 0.95 0.5 

o Anesthesiologist      0.95 0.95    

Thursday    

o Basic physician 1 0.5 0.95 0.75 0.95 0.95 0.5 0.95 0.75 0.95  

o Basic physician 2  0.95 0.75 0.95 0.95 0.5 0.95 0.75 0.95 0.5 

o Anesthesiologist      0.95 0.95    

Friday    

o Basic physician 1 0.5 0.95 0.75 0.95 0.95 0.5 0.95 0.75 0.5  

o Basic physician 2   0.75 0.95 0.95 0.5 0.95 0.75 0.95  

o Anesthesiologist     0.95 0.95     
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Capacity planning 13 (waiting time < = 7.5 minutes, 100 % appointment, reduced capacity) 

 

 
Table 56: Effective capacities per hour per nurse; planning 13 

Day Hour 

 8-9 9-10 10-11 11-12 12-13 13-14 14-15 15-16 16-17 17-18 

Monday  

o Nurse 1 0.5 0.95 0.75 0.95 0.5 0.95     

o Nurse 2    0.95 0.5 0.95 0.75 0.95 0.95 0.5 

Tuesday            

o Nurse 1 0.5 0.95 0.75 0.95 0.5 0.95     

o Nurse 2    0.95 0.5 0.95 0.75 0.95 0.95 0.5 

Wednesday   

o Nurse 1 0.5 0.95 0.75 0.95 0.5 0.95     

o Nurse 2    0.95 0.5 0.95 0.75 0.95 0.95 0.5 

Thursday      

o Nurse 1 0.5 0.95 0.75 0.95 0.5 0.95     

o Nurse 2    0.95 0.5 0.95 0.75 0.95 0.95 0.5 

Friday            

o Nurse 1 0.5 0.95 0.75 0.95 0.5 0.95 0.75    

o Nurse 2    0.95 0.5 0.95 0.75 0.95 0.95  

 

 
Table 57: Effective capacities per hour per screening physician; planning 13 

Day Hour 

 8-9 9-10 10-11 11-12 12-13 13-14 14-15 15-16 16-17 17-18 

Monday  

o Basic physician 1 0.5 0.95 0.75 0.95 0.95 0.5 0.95 0.75 0.95  

o Basic physician 2 0.5 0.95 0.75 0.95 0.95 0.5 0.95 0.75 0.95 0.5 

o Basic physician 3     0.95      

o Anesthesiologist      0.95 0.95    

Tuesday    

o Basic physician 1 0.5 0.95 0.75 0.95 0.95 0.5 0.95 0.75 0.95  

o Basic physician 2 0.5 0.95 0.75 0.95 0.95 0.5 0.95 0.75 0.95 0.5 

o Basic physician 3     0.95      

o Anesthesiologist      0.95 0.95    

Wednesday    

o Basic physician 1 0.5 0.95 0.75 0.95 0.95 0.5 0.95 0.75 0.95  

o Basic physician 2 0.5 0.95 0.75 0.95 0.95 0.5 0.95 0.75 0.95 0.5 

o Basic physician 3     0.95      

o Anesthesiologist      0.95 0.95    

Thursday    

o Basic physician 1 0.5 0.95 0.75 0.95 0.95 0.5 0.95 0.75 0.95  

o Basic physician 2 0.5 0.95 0.75 0.95 0.95 0.5 0.95 0.75 0.95 0.5 

o Anesthesiologist      0.95 0.95    

Friday    

o Basic physician 1 0.5 0.95 0.75 0.95 0.95 0.5 0.95 0.75 0.95  

o Basic physician 2 0.5 0.95 0.75 0.95 0.95 0.5 0.95 0.75 0.95  

o Basic physician 3     0.95      

o Anesthesiologist      0.95 0.95    
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Capacity planning 15 (throughput time < = 60 minutes, 100 % appointment, reduced capacity) 

 

 
Table 58: Effective capacities per hour per nurse; planning 15 

Day Hour 

 8-9 9-10 10-11 11-12 12-13 13-14 14-15 15-16 16-17 17-18 

Monday  

o Nurse 1 0.5 0.95 0.75 0.95 0.5 0.95     

o Nurse 2    0.95 0.5 0.95 0.75 0.95 0.95 0.5 

Tuesday            

o Nurse 1 0.5 0.95 0.75 0.95 0.5 0.95     

o Nurse 2    0.95 0.5 0.95 0.75 0.95 0.95 0.5 

Wednesday   

o Nurse 1 0.5 0.95 0.75 0.95 0.5 0.95     

o Nurse 2    0.95 0.5 0.95 0.75 0.95 0.95 0.5 

Thursday      

o Nurse 1 0.5 0.95 0.75 0.95 0.5 0.95     

o Nurse 2    0.95 0.5 0.95 0.75 0.95 0.95 0.5 

Friday            

o Nurse 1 0.5 0.95 0.75 0.95 0.5 0.95 0.75    

o Nurse 2    0.95 0.5 0.95 0.75 0.95 0.95  

 

 
Table 59: Effective capacities per hour per screening physician; planning 15 

Day Hour 

 8-9 9-10 10-11 11-12 12-13 13-14 14-15 15-16 16-17 17-18 

Monday  

o Basic physician 1 0.5 0.95 0.75 0.95 0.95 0.5 0.95 0.75 0.95  

o Basic physician 2   0.75 0.95 0.95 0.5 0.95 0.75 0.95 0.5 

o Anesthesiologist      0.95 0.95    

Tuesday    

o Basic physician 1 0.5 0.95 0.75 0.95 0.95 0.5 0.95 0.75 0.95   

o Basic physician 2   0.75 0.95 0.95 0.5 0.95 0.75 0.95 0.5 

o Anesthesiologist      0.95 0.95    

Wednesday    

o Basic physician 1 0.5 0.95 0.75 0.95 0.95 0.5 0.95 0.75 0.95  

o Basic physician 2   0.75 0.95 0.95 0.5 0.95 0.75 0.95 0.5 

o Anesthesiologist      0.95 0.95    

Thursday    

o Basic physician 1 0.5 0.95 0.75 0.95 0.95 0.5 0.95 0.75 0.95  

o Basic physician 2   0.75 0.95 0.95 0.5 0.95 0.75 0.95 0.5 

o Anesthesiologist      0.95 0.95    

Friday    

o Basic physician 1 0.5 0.95 0.75 0.95 0.95 0.5 0.95 0.75 0.5  

o Basic physician 2   0.75 0.95 0.95 0.5 0.95 0.75 0.95  

o Anesthesiologist     0.95 0.95     
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Table 60: Results per scenario from queuing model (number of waiting patients & waiting time) 

Scenario j�k	r� j�k	s� j�k	t� j�k	u� j�mnr� j�mns� j�mnt� j�mnu� 
Walk-in         

1 0.29 0.01 0.46 0.97 00:56 00:03 04:41 06:14 

2 0.29 0.01 0.46 4.68 00:56 00:03 04:41 39:43 

3 0.29 0.01 0.43 0.81 00:56 00:03 04:10 04:40 

Mixed 5 %         

4 0.26 0.01 0.39 0.74 00:46 00:02 03:48 04:30 

5 0.26 0.01 0.45 0.75 00:46 00:02 04:35 04:35 

6 0.26 0.01 0.39 3.36 00:46 00:02 03:48 29:19 

7 0.26 0.01 0.45 3.36 00:46 00:02 04:35 29:19 

Mixed 10 %         

8 0.25 0.01 0.37 0.73 00:44 00:02 03:26 04:18 

9 0.25 0.01 0.43 0.99 00:44 00:02 04:27 06:36 

10 0.25 0.01 0.37 3.64 00:44 00:02 03:26 26:33 

11 0.25 0.01 0.43 4.19 00:44 00:02 04:27 31:40 

Scheduled         

12 0.15 0.01 0.34 0.70 00:26 00:01 03:12 04:09 

13 0.15 0.01 0.65 1.75 00:26 00:01 08:00 12:20 

14 0.15 0.01 0.34 3.63 00:26 00:01 03:12 26:29 

15 0.15 0.01 0.65 6.17 00:26 00:01 08:00 48:59 

Other routing         

16 0.29 0.08 0.28 0.96 00:55 00:20 02:21 06:11 

17 0.26 0.06 0.30 0.74 00:46 00:15 02:31 04:31 

18 0.25 0.06 0.30 0.98 00:44 00:14 02:34 06:34 

 
Table 61: Results per scenario from queuing model (utilization & LOS) 

Scenario qr qs qt qu j�p
r� j�p
s� j�p
t� j�p
u� j�p
w� j�p
�� j�p
� 
Walk-in            

1 0.38 0.23 0.53 0.67 29:23 25:58 32:17 28:52 37:31  30:48 

2 0.38 0.23 0.53 0.89 59:38 56:13 62:32 59:07 67:46  61:04 

3 0.38 0.23 0.54 0.67 27:53 24:08 30:47 27:02 35:41  29:07 

Mixed 5 %            

4 0.38 0.23 0.53 0.67 27:58 24:02 30:52 26:56 35:35  29:05 

5 0.38 0.23 0.56 0.68 28:05 24:52 30:59 27:45 36:25  29:37 

6 0.38 0.23 0.53 0.89 52:07 48:11 55:01 51:05 59:44  53:14 

7 0.38 0.23 0.56 0.89 52:07 48:53 55:01 51:47 60:26  53:39 

Mixed 10 %            

8 0.38 0.23 0.53 0.67 27:35 23:26 30:39 26:20 34:59  28:34 

9 0.38 0.23 0.56 0.70 29:38 26:22 32:32 29:16 37:55  31:09 

10 0.38 0.23 0.53 0.89 49:24 45:15 52:18 48:09 56:48  50:23 

11 0.38 0.23 0.57 0.91 53:40 50:25 56:34 53:19 61:58  55:11 

Scheduled            

12 0.38 0.23 0.53 0.67 27:10 22:49 30:04 25:43 34:22  28:02 

13 0.38 0.23 0.66 0.82 34:23 34:17 37:17 37:11 45:50  37:48 

14 0.38 0.23 0.53 0.89 49:14 44:53 52:08 47:47 56:26  50:05 

15 0.38 0.23 0.66 0.94 68:47 68:41 71:41 71:35 80:14  72:12 

Other routing            

16 0.38 0.39 0.41 0.67 29:33 24:02 32:28 26:56 45:59 35:35 32:25 

17 0.38 0.39 0.43 0.68 28:13 23:01 31:07 25:55 44:55 34:34 31:17 

18 0.38 0.39 0.44 0.70 29:47 24:40 32:41 27:34 46:33 36:13 32:55 
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Appendix VII: Arrival rates for different appointment systems 

 

In this appendix, the arrival rates of the different appointment systems are shown. First, the initial arrival 

rates are shown which are equal to the values of Figure 9. Then, the arrivals for both mixed appointment 

systems are shown in the next tables. The hours in blue are the busiest hours from which patients will be 

referred to be seen on appointment during the low walk-in hours indicated with yellow. 

 
Table 62: Arrival rate per hour, walk-in system 

Hour ∑ ��,zw�#r   

 Monday Tuesday Wednesday Thursday Friday 

08:00-09:00 2,98 4,02 3,79 2,22 3,18 
09:00-10:00 10,48 10,69 9,96 8,02 8,25 
10:00-11:00 13,20 11,39 10,85 8,56 9,22 
11:00-12:00 12,80 12,61 11,94 9,26 9,24 
12:00-13:00 11,68 10,96 10,52 8,68 5,80 
13:00-14:00 8,62 7,86 7,85 7,56 5,57 
14:00-15:00 14,22 12,80 12,94 11,30 8,92 
15:00-16:00 13,08 12,31 10,92 10,92 8,59 
16:00-17:00 5,74 5,33 4,67 3,58 0,63 

 
Table 63: Arrival rate per hour, mixed system with 5 % appointment 

Hour ∑ ��,zw�#r   

 Monday Tuesday Wednesday Thursday Friday 

08:00-09:00 4,98 4,98 4,98 4,98 4,98 
09:00-10:00 10,48 10,69 9,96 8,70 8,70 
10:00-11:00 10,90 10,89 10,85 8,71 9,22 
11:00-12:00 10,90 10,89 10,89 9,26 9,24 
12:00-13:00 10,89 10,89 10,52 8,71 8,70 
13:00-14:00 8,71 8,70 8,70 8,70 8,70 
14:00-15:00 10,90 10,89 10,90 10,89 8,92 
15:00-16:00 10,90 10,89 10,89 10,89 8,71 
16:00-17:00 4,98 4,98 4,98 4,98 0,63 

 
Table 64: Arrival rate per hour, mixed system with 10 % appointment and scheduled system 

Hour ∑ ��,zw�#r   

 Monday Tuesday Wednesday Thursday Friday 

08:00-09:00 4,98 4,98 4,98 4,98 4,98 
09:00-10:00 9,97 9,97 9,97 9,97 9,97 
10:00-11:00 9,97 9,97 9,97 9,97 9,97 
11:00-12:00 9,97 9,97 9,97 9,97 9,97 
12:00-13:00 9,97 9,97 9,97 9,97 9,97 
13:00-14:00 9,97 9,97 9,97 9,97 9,97 
14:00-15:00 9,97 9,97 9,97 9,97 9,97 
15:00-16:00 9,97 9,97 9,97 9,97 9,97 
16:00-17:00 4,98 4,98 4,98 4,98  
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Appendix VIII: Adjustments queuing model 

 

Some formulas of the queuing model as described in chapter 6 are adjusted in order to calculate the 

results for the scenario in which 78 % of the inpatients (M1) go the computer before going to the intake. 

In this scenario, the six patient classes r = [1,2,3,4,5,6] can be distinguished that corresponds to the 

classes C1, C2,D1,D2,M1,M2. The following formulas are adjusted: 

 

Formula (1) till (4): 

 

 ��  !��,�
�

�#�
 (51)  

 

 �$  �$,� % �$,& % �$," (52)  

 

 �&  �&,$ % �&,' % �&," % �&,� (53)  

 

 �'  !�',�
�

�#�
 (54)  

 

Formula (5) till (8): 

 

 ��,�  (�E�S�,������  *+, ,  .1. .62 (55)  

 

 �$,�  (�E�S�,$��$�$  *+, ,  1,3,5 (56)  

 

 �&,�  (�E�S�,$��&�&  *+, ,  2,4,5,6 (57)  

 

 �',�  (�E�S�,'��'�'  *+, ,  .1. .62 (58)  

 

Formula (9) till (11): 

 

 ��  !(�
�

�#�
 *+, 6  1,4 (59)  

 

 �$  (� % (& % (" (60)  

 

 �&  ($ % (' %%(" % (� (61)  
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The sum of formulas (12), (14), (16), and (19) is changed into: 

 

 !
"

�#�
  !

�

�#�
 (62)  

 

Formula (17) and (18): 

 

 ���$�   1�$ < =�(�����,$�� % �(&���&,$�� % �("���",$��> (63)  

 

 ���&�   1�& < =�($���$,&�� % �('���',&�� % �("���",&�� % �(�����,&��> (64)  

 

Formula (20) and (21): 

 

 ���,$  =�?�A@���,@���CDE,�,@F��G��F�?BA@��B,@���CDE,B,@F��G��F�?IA@��I,B���CDE,I,BF��G��>
J@A@��@�   (65)  

 

 ���,&  =�?@A@��@,B���CDE,@,BF��G��F�?HA@��H,B���CDE,H,BF��G��F�?IA@��I,B���CDE,I,BF��G��F�?�A@���,B���CDE,�,BF��G��>
JBA@��B�    (66) 

 

Formula 24: 

  

 K�,$   (� % (& % ("��  (67)  

 

Formula (25) and (26) are replaced by the following formulas: 

 

 ���,&  7&�8�,& ���,& % 8$,&,��$,&� % 1 9 7& (68)  

 

 

In which 

 

 7&  11 % 4�1 9 �&�$�:& 9 1� (69)  

 

 M&  18�,&$ % 8$,&$  (70)  

 

 8�,&  �($ % (' %%(���&  (71)  

 

 

 8$,&  ("�& (72)  
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 ���,&   K�,&���,� % 1 9 K�,& (73)  

 

 K�,&   ($ % (' % (���  (74)  

 

 ��$,&  K$,&���,$ % 1 9 K$,& (75)  

 

 K$,&   ("�$ (76)  

 

For the performance measures the following formulas are adjusted 

 
Formula (46) is used *+, ,  2,4,6 and the waiting time for patient class 5 is calculated with: 

 

 ���
�,��  !���
�,�,��
'

�#�
                                       *+, ,  5 (77)  

 

Formulas (48) is used *+, ,  2,4,6 and the mean LOS of patients from class 5 is given by: 

 

 ��	�,��  !���
�,�,�� % ����,�,��
'

�#�
                                                              *+, ,  5 (78)    

 

  



90 

 

Appendix IX: FTE and scheduling costs per scenario 

 

In this appendix the number of required FTE and the corresponding scheduling costs resulting from the 

schedules of Appendix VI per scenario are shown. The first table shows the results of the scenario in 

which all performance measures will be achieved. The second table gives insight in how much FTE 

should be scheduled and the resulting costs per scenario if only the throughput time requirement will be 

take in to account. For the back office tasks performed by the policlinic employees it is assumed that 3.04 

FTE
11

 will be required.  

 
Table 65: FTE and scheduling costs for scenarios which meet all performance measures 

Resource Required Hours Required FTE Costs 

Scenario 1,4,8,12, and 16    

o Policlinic employee (admission) 2269.50 1.46 € 42462 

o Policlinic employee (back office) 4714.50 3.04 € 88208 

o Nurse 3378.75 2.18 € 76326 

o Basic physician 5125.50 3.30 € 199126 

o Anesthesiologist 2040.00 1.31 € 265200 

                                                             Total    € 671322 

    

Scenario 3    

o Policlinic employee (admission) 2269.50 1.46 € 42462 

o Policlinic employee (back office) 4714.50 3.04 € 88208 

o Nurse 3315.00 2.14 € 74886 

o Basic physician 5125.50 3.30 € 199126 

o Anesthesiologist 2040.00 1.31 € 265200 

                                                             Total    € 669882 

    

Scenario 5 and 17    

o Policlinic employee (admission) 2269.50 1.46 € 42462 

o Policlinic employee (back office) 4714.50 3.04 € 88208 

o Nurse 3225.75 2.08 € 72870 

o Basic physician 5061.75 3.26 € 196649 

o Anesthesiologist 2040.00 1.31 € 265200 

                                                             Total    € 665389 

    

Scenario 9 and 18    

o Policlinic employee (admission) 2269.50 1.46 € 42462 

o Policlinic employee (back office) 4714.50 3.04 € 88208 

o Nurse 3149.25 2.03 € 71142 

o Basic physician 4883.25 3.15 € 189714 

o Anesthesiologist 2040.00 1.31 € 265200 

                                                             Total    € 656726 

    

Scenario13    

o Policlinic employee (admission) 2269.50 1.46 € 42462 

o Policlinic employee (back office) 4714.50 3.04 € 88208 

o Nurse 2690.25 1.73 € 60773 

o Basic physician 4131.00 2.66 € 160489 

o Anesthesiologist 2040.00 1.31 € 265200 

                                                             Total    € 617133 

                                                      
11

 Source: J. van Aarle, Bouw en Inrichting, Catharina Hospital 
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Table 66: FTE and scheduling costs for scenarios which meet the throughput time requirement 

Resource Required Hours Required FTE Costs 

Scenario 2,6,10, and 14    

o Policlinic employee (admission) 2269.50 1.46 € 42462 

o Policlinic employee (back office) 4714.50 3.04 € 88208 

o Nurse 3378.75 2.18 € 76326 

o Basic physician 3774.00 2.43 € 146620 

o Anesthesiologist 2040.00 1.31 € 265200 

                                                             Total    € 618817 

    

Scenario 7    

o Policlinic employee (admission) 2269.50 1.46 € 42462 

o Policlinic employee (back office) 4714.50 3.04 € 88208 

o Nurse 3225.75 2.08 € 72870 

o Basic physician 3774.00 2.43 € 146620 

o Anesthesiologist 2040.00 1.31 € 265200 

                                                             Total    € 615360 

    

Scenario 11    

o Policlinic employee (admission) 2269.50 1.46 € 42462 

o Policlinic employee (back office) 4714.50 3.04 € 88208 

o Nurse 3149.25 2.03 € 71142 

o Basic physician 3697.50 2.38 € 143648 

o Anesthesiologist 2040.00 1.31 € 265200 

                                                             Total    € 610660 

    

Scenario15    

o Policlinic employee (admission) 2269.50 1.46 € 42462 

o Policlinic employee (back office) 4714.50 3.04 € 88208 

o Nurse 2690.25 1.73 € 60773 

o Basic physician 3519.00 2.27 € 136713 

o Anesthesiologist 2040.00 1.31 € 265200 

                                                             Total    € 593357 
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