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Executive Summary 
In healthcare, resource management plays an important role in balancing the quality of 

healthcare delivered and the cost of providing that care. An important factor within 

resource management is determining the capacity needed for the resources. 

This research is conducted at the Elkerliek hospital, located in Helmond. The focus of the 

research is the number of operational beds needed for the different departments of the 

hospital. The research is conducted because the Elkerliek experiences admission stops, 

misplacement of patients, unbalanced bed occupancy rates and unbalanced admissions 

and discharges. During the analysis of the current situation these experiences are 

confirmed. Based on the analysis of the current situation the following departments are 

taken into account: day care departments, short stay department, Intensive Care/Medium 

Care (IC/MC), Brain Care & Thrombolysis (BCU) and all regular departments. Based on 

these findings the following research question is formulated: 

“How should the beds of the Elkerliek be reallocated to balance the bed 

occupancy rates throughout the hospital and throughout the year, while 

minimizing the misplacement of patients?”  

To answer the main research question, six sub-research questions are defined. These sub-

research questions are stated and answered during this summary.  

The sub-research questions and main research question are answered by developing a 

simulation model which evaluates different performance indicators. Furthermore the 

Erlang Loss model is used to calculate the number of operational beds needed for different 

scenarios. The research consists of the following consecutive steps and one separate step: 

data preparation (step 1), patient list generation (step 2), simulation (step 3), verification 

& validation (step 4), queuing model (step 5), scenario analysis (step 6), ‘what-if’ analysis 

(step 7) and probabilistic analysis IC/MC & BCU (separate step).   

Data preparation 

During the data preparation, seasonal influences are detected for specialisms of the 

regular departments. Furthermore, the arrival pattern and length of stay (LOS) of the 

patients are analyzed. For the acute patients of the regular departments a Poisson 

distribution is determined where a distinction is made between the week and weekend 

arrivals. While for the elective patients of the short stay and day care departments a 

normal distribution is determined, where for the short stay departments a distinction is 

made between the weekdays. Finally, for the remaining arrivals and patients that flow 

through from a department to another department, empirical data is used. 

Generate patient list 

With the information that is gathered during the data preparation, a random list of 

patients is generated for the day care, short stay and regular departments for 5 years of 

data. The list represents five times the same year of data to be able to analyze the effect 

of fluctuations in arrival. Within this list seasonal influences and different distributions 

are taken into account. Furthermore, information regarding placement in a single room 

is added. Besides, when an elective patient had a surgery on the first day of admission, 

the start and end time of the surgery are added. Finally, the starting position of the 

simulation is added based on the actual patients staying in the hospital at 01-01-2018 

00:00.  
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Simulation 

To be able to represent bed occupancy and evaluate different scenarios a simulation model 

is developed. The simulation is developed in Excel VBA which is a user-friendly 

simulation program. In this way the hospital personnel can use the simulation tool as 

well. In the simulation the generated list of patients is placed in the operational beds of 

the different departments. Multiple placement rules are set: the type of room the patient 

is placed in (single, 2 person or 4 person), the type of bed (fixed, flex or harmonica), the 

department (which can be: correct, ‘less misplaced’, misplaced) and which bed is empty 

the shortest time period. Harmonica beds can in the hospital be used in consultation when 

enough nurses are available, but they cannot be seen as operational beds. In the 

simulation the difference in maximum bed capacity and maximum number of operational 

beds needed are defined as harmonica beds, these beds are only used when all other beds 

are occupied.  

Within the simulation, different scenarios are evaluated. This is done by determining the 

following performance indicators: bed occupancy, rejection, placement of patients and 

nurse capacity. The stated performance indicators consist of multiple aspects and are 

calculated for the hospital in total and for the individual departments. For some 

performance indicators they are calculated per specialism.  

Verification and validation 

The simulation model is verified to confirm that the model is as intended and can, 

therefore, be used to answer the research questions. The simulation is validated by 

comparing the performance indicators of the current situation with the data of the current 

situation. Furthermore, few differences are detected between the five individual years of 

simulation. 

Queuing model 

The number of operational beds needed is calculated with the Erlang Loss model. For each 

scenario, the number of operational beds needed per department is calculated.  

Scenario analysis 

In the scenario analysis, five different scenarios are compared. Most of the scenarios are 

consecutive, which implies that if a scenario is an improvement on the previous scenario, 

the improved scenario will be used during future analyses. The results shown exclude the 

harmonica beds, the use of these beds is discussed separately.  

The first scenario adjusts the number of operational beds for the regular departments to 

the seasonal influences. The results of this scenario answers the first sub-research 

question: “How should the beds be allocated throughout the year to match the number of 

operational beds with the patient flow?” When adjusting the operational beds to the 

seasonal influences, the differences in average bed occupancy throughout the months 

decreased. Furthermore, the rejection rate decreased, placing patients correctly and 

placing the patients the first time correctly increased. The results show that the first 

scenario is an improvement on the current situation. 

The second scenario adds a flex department for the diagnostic specialisms of the regular 

departments. This aims to minimize the misplacement of patients. The results of this 

scenario answers the second sub-research question: “How can the beds of the regular 

departments be used in a flexible way to reduce the misplacement of patients?” The 
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results of the simulation show that the misplacement of patients decreases. Furthermore, 

nurse capacity is taken into account in determining the number of beds for each 

department which results in a small decrease of FTE nurses. The results show that the 

second scenario is an improvement on the first scenario. 

The third scenario divides the elective patients and acute patients of the regular and short 

stay departments in two different departments. The results of this scenario partly 

answers sub-research questions 3: “What is the effect of balancing the admission 

throughout the week on the bed occupancy rates throughout the week” and 4: “What is 

the effect of merging or changing departments on the number of operational beds needed?” 

For this scenario department 2D, the short stay department, needs to be open seven days 

a week, which means the arrivals are equal throughout the weekdays. This results in 

more balanced occupancy rates throughout the week. Calculating the number of 

operational beds needed showed that more beds are needed than the current capacity, 

therefore this scenario is not an improvement on the previous scenario. However, the 

occupancy rates between the short stay and regular departments are more balanced. 

The fourth scenario combines the short stay department with the regular departments. 

The results of this scenario also answer sub-research questions 3 and 4. In this scenario 

department 2D is also open the entire week. Analyzing the results of the Erlang Loss 

model show that the average number of operational beds needs to be increased by 2 beds 

compared to the current situation. The results of the simulation show that the average 

bed occupancy decreases, the rejection rate strongly decreases and the ‘less misplacement’ 

and misplacement of patients decreases. However, in total only two additional FTE nurses 

are needed. Despite the additional FTE, scenario 4 is seen as an improvement on scenario 

2. 

The fifth and final scenario is admission ‘without’ bed. This scenario is applicable to 

elective patients who have surgery on the first day of their admission. In this scenario 

these patients are admitted to the day care department and after surgery placed at the 

merged regular and short stay department. Compared to the current situation, on average 

one less operational bed is necessary. The results of the simulation show that the bed 

occupancy rate decreases, the rejection rate decreases even more and placing patients 

correctly increases. Furthermore, the number of FTE needed is the same as in the current 

situation. In a separate analysis there is shown that admission ‘without’ bed is possible 

at the day care departments. These results imply that scenario 5 is the best scenario. 

Furthermore, there is seen that on average the harmonica beds in all scenarios are hardly 

used anymore.  

‘What-if’ analysis 

During the ‘what-if’ analysis the expected increase of arrivals per specialism to 2025, as 

stated in focus 2020 the policy plan of the Elkerliek, is tested. Furthermore, a ‘what-if’ 

option with a decrease of 5% of LOS, confirm to the benchmark, is tested. The ‘what-if’ 

options are tested to answer the fifth sub-research question: “How robust is the proposed 

reallocation of the number of operational beds taking into account focus 2020”. The results 

of the simulation show that the performance indicators changed. This indicates that if 

multiple changes take place with the arrivals and/ or LOS it would be better to first 

calculate the operational beds needed with the Erlang Loss model again.   
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Probabilistic analysis IC/MC & BCU 

In the probabilistic analysis the Erlang Loss formula is used to calculate the rejection rate 

for the IC/MC and the BCU. Furthermore, historical data is analyzed to identify the 

number of arrivals per day and the increase in beds occupied from one day to the next. 

These analyses are executed to answer the sixth sub-research question: "Are there 

resources available at the following specialization departments: 2IC/MC and BCU to 

prevent an admission stop from occurring?” The rejection rates show that the BCU does 

not have any available resources. While the IC/MC does have available resources, however 

this depends on the rejection rate that is acceptable, which the hospital has to decide for. 

The analysis of the historical data show that, with low bed occupancy on a specific day, 

the BCU and the IC/MC can help the regular departments out on a high demand day by 

sharing their resources.  

After the execution of the research the main research question is answered. The beds of 

the Elkerliek should be allocated according to scenario 5. This implies taking seasonal 

influences into account, adding a flex department, merging the short stay and regular 

departments and admitting elective patients, who have a surgery on the first day of 

arrival, ‘without’ bed.   
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1 Introduction 
Resource management plays an important role in balancing the quality of healthcare 

delivered and the cost of providing that care. A resource can be defined as an object that 

is used in the production process, without being transformed or consumed by the 

production (Vissers & Beech, 2005). Each resource has its own capacity, which can be 

interpreted as the amount of resource that is allocated for production (Vissers & Beech, 

2005). The focus of this research is on the capacity of the resource ‘beds’. Bed capacity is 

defined as “The number of beds which a hospital has designed and constructed to contain. 

(“Medical Dictionary,” 2017). The number of operational beds refers to the number of beds 

allocated for use (Vissers & Beech, 2005). The focus of the research is to optimize the 

allocation of the operational beds taking the bed capacity as a boundary. 

Determining the required number of operational beds for the different departments in a 

hospital is difficult since the patient arrival and the length of stay (LOS) of patients 

behaves as a stochastic process (Kokangul, 2008). There are two types of patients arriving 

at the ward in a hospital, acute or elective patients. Acute patients require immediate 

care, while elective patients have a scheduled appointment for hospitalization. Especially, 

the arrival of acute patients comes with a lot of uncertainty. Therefore, it is hard to make 

a reliable estimation of the total patient arrivals each day. 

When optimizing the allocation of the operational beds not only the patient arrival and 

LOS play a role. Also aspects concerning allocating specialisms between the departments, 

seasonal influences, physical capacity and nurse capacity need to be taken into account. 

When allocating the specialisms to the departments a distinction can be made between 

surgical and diagnostic specialisms. However, it is also possible to allocate each specialism 

to a separate department.  

The research is conducted at the Elkerliek Hospital, located in Helmond. The Elkerliek 

hospital takes care of its patients at three different locations in the region. The main 

hospital is located in Helmond, which takes care of long-term and intensive care patients. 

Besides, it executes the complex operations and handles inpatient care and outpatient 

care. Furthermore, an Emergency Department (ED) and a First Heart Help department 

are located in Helmond. In Deurne, a daycare center is located, including an operating 

room for outpatient care. Finally, an outpatient clinic for only small interventions is 

located in Gemert. The Elkerliek hospital is a regional hospital, which adjusts the care to 

the region with these three different locations. The region has about 170.000 inhabitants’ 

and 108.000 inhabitants just outside the region. In total, the hospital had 1394 full-time 

employees at the end of 2016, of which 135 were medical specialists. In 2016 they had 

almost 15.000 inpatient admissions and almost 290.000 outpatient admissions (van Geel 

& van Beers, 2016). The focus of this research, as already stated, will be on the hospital 

located in Helmond, since this is the main hospital where also the ED is located and 

inpatients are treated. From now on when the name ‘Elkerliek’ is mentioned, the hospital 

in Helmond is intended, except when stated differently. 
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Figure 1. Patient flows at Elkerliek Hospital 

In Figure 1 an overview of the patient flows at the Elkerliek is shown. The grey square 

indicates the focus of this research. As the figure shows, there are multiple ways a patient 

enters or leaves the ward. Within the ward two different types of beds are specified: 

regular beds and specialization beds, the patient flow within the ward is represented in 

Figure 2. In total, the Elkerliek currently has 334 beds available: 178 specialization beds 

and 156 regular beds of which 12 ‘harmonica beds’. The specialization beds are divided in 

the following departments: availability departments, short stay and day care 

departments’ child & youth department and center for birth and family. Patients that do 

not belong at one of the specialization departments are allocated to the regular 

departments. The regular beds are divided in departments for specific specialisms. 

However, the Elkerliek works with a scarcity model for the regular departments, where 

the total number of beds needed is calculated based on the principle ‘a bed is a bed’. This 

implies all beds can be used by all specialisms within the regular departments when no 

bed is available anymore at the allocated department. Finally, a harmonica bed is defined 

by the Elkerliek as a bed that can be used in consultation when no regular beds are 

available anymore. However, these beds are no operational beds.  

 

Figure 2. Patient flow through the ward 

The Elkerliek currently experiences admission stops: an admission stop occurs when an 

acute patient cannot be placed in the ward anymore, or an elective patient needs to be 

rejected to create space for the acute patients. Normally these admission stops are for the 

regular departments, but sometimes it also happens for some specialization departments. 

Besides the admission stops, the Elkerliek observes patients that are misplaced within 

the regular departments. A patient is misplaced when it could not be placed at the 

allocated department, and is therefore placed at another regular department. A 

distinction is made between ‘less misplaced’ and misplaced. A patient is ‘less misplaced’ 

when a diagnostic patient is placed at another diagnostic department and a patient is 

misplaced when a diagnostic patient is placed at a surgical department or vice versa.  

Furthermore, the balance of the number of occupied beds is not equally divided 

throughout the week and throughout the year. Finally, the number of admissions and 

discharges are not equally divided throughout the week at the Elkerliek. Bed capacity 

plays an important role in all these experiences and observations. These observations can 

indicate that the current bed capacity is insufficient. On the other hand, it can also 

indicate that the use and allocation of the current capacity is not optimal, or a combination 

of both. Within the analysis of the current situation, which will be described in Chapter 

3, there is determined that enough capacity is available in total. However, the use and 

allocation of the beds can be optimized. This will, therefore, be the focus of this research.  
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2 Literature review 
The structured literature review is conducted to find literature about the main topic: ‘bed 

capacity’. The main topic is divided into the following four sub-topics: the arrival pattern 

of clinical patients, determining the required bed capacity, optimizing the use of the bed 

capacity and representing bed occupancy. Within the sub-topics the arrival pattern to the 

ED, predicting the LOS of patients and the required nurse capacity are also taken into 

account. The literature review is based on the structured literature review method of 

Kitchenham & Charters (2007). To be certain all useful literature about the topic is found 

the snowball method is applied. In this chapter, a summary of the structured literature 

review will be given.  

The first sub-topic discusses representing the arrival pattern of clinical patients. 

According to Kokangul (2008), the arrival of patients is most often represented as a 

Poisson process. To forecast the patient arrival at an ED Marcilio, et al. (2013) and Sun 

et al. (2009) found that time series analysis is an appropriate method. Time series analysis 

consists of different methods. Auto Regression Integrated Moving Average (ARIMA), for 

example, is most widely used time series method in healthcare events to forecast the 

arrival of patients according to Marcilio et al. (2013). When determining the patient 

arrival at the ED some articles choose to split the patient types into different categories. 

For each individual category a prediction is made (Afilal et al., 2016; Sun et al., 2009; Xu 

& Chan, 2016). Marcilio et al. (2013) decide not to split the patient types, but to make a 

prediction for the total arrivals at the ED. 

During the literature review different methods are found to predict the LOS of a patient. 

Lu, Sajobi, et al. (2015) executed a literature review and concluded that the ordinary least 

square method is most often used to predict the LOS of patients. However, alternative 

methods are also proposed to predict the LOS of patients: multiple regression models 

(Omachonu et al., 2004) and multivariate analysis (Blais et al., 2003).  

The second sub-topic, determining the required bed capacity for a hospital, can be done in 

several ways. According to Bagust et al., 1999 can an acute hospital expect regular bed 

shortages if the average bed occupancy rate exceeds 85% and can expect a periodic bed 

crisis if rates exceed 90%. Kokangul (2008) used a stochastic approximation consisting of 

six different steps to determine the optimum size of the bed capacity. While Nguyen et al., 

(2005) came up with a method that is as simple as the ratio-based method, a method 

applied extensively in health care. The proposed method is based on three different 

parameters, security, accessibility, and productivity. Both articles did not use the ratio-

based method because they believe the ratio-based method does not take variation of 

requested admission over time into account (Kokangul, 2008). Finally, de Bruin et al., 

2010 developed a decision support system, based on the Erlang Loss model, to evaluate 

the current size of nursing units.  

The required nurse capacity is next to the required bed capacity an important resource 

for a hospital. Van Oostveen et al., 2016 found that RAFAELA, a patient classification 

system based on nursing care intensity, is not a useful workforce planning system for 

nurses. While the closed queuing model described in Véricourt & Jennings (2011) can be 

used to determine the number of nurses required in one medical unit. Besides looking at 

perspectives individually, it is interesting to look at the combination of these two 

resources. Yankovic & Green (2011) combined the resources and made a two-dimensional 

model, both making use of queuing theory. The model proposed seemed an appropriate 
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method to show effects of the nursing planning and admission of patients on the number 

of occupied beds.  

The third sub-topic, optimizing the use of bed capacity in a hospital can be tackled from 

different perspectives. Resar et al., 2011 looked at the short-term perspective. They 

developed a standard process for Real-Time Demand Capacity (RTDC) to analyze if the 

available bed capacity is sufficient enough for the requested demand. Optimizing the use 

of the bed capacity can also start by optimizing the surgical schedule. Ma & 

Demeulemeester (2013) and Yahia et al. (2016) tried to get the ideal patient mix for the 

ward by going through the following three phases: case mix planning phase; master 

surgery scheduling phase; and the operational performance evaluation phase. While 

Chow et al. (2011) used two different approaches. First a bed utilization simulator is 

designed, a trace-driven Monte Carlo simulation. Secondly, the Surgical Schedule 

Optimizer, a mixed integer program model to level surgical bed occupancy. These two 

methods were used together in a transparent and easily adaptive way, to smooth the bed 

occupancy. The final perspective is to simply look at the ward in the hospital itself by, for 

example, re-allocating the beds. Best et al. (2015) considered dividing the care types into 

wings in a hospital with as a goal to maximize the total utility of the hospital. While 

Bekker et al. (2016) considered four different bed allocation policies, namely, separated 

ward: each specialism has dedicated beds; simple merging: all specialisms share all beds; 

earmarking: each specialism has dedicated beds, whereas all specialisms share a joint 

ward of overflow with fully flexible beds; threshold policy: all beds are fully flexible, but 

there is a hierarchy in admission of specialisms. Bekker et al. (2016) stated that full 

flexibility is usually not desirable for a hospital with multiple medical disciplines. 

However, a little flexibility generally is enough to handle the peak demands. Therefore, 

the earmarking policy seems to an appropriate method to re-allocate beds in a ward to 

provide enough flexibility to handle peak demands.  

Finally, literature focussing on representing bed occupancy has been reviewed. Two 

different methods are described: queuing analysis and discrete-event simulation. Mital 

(2010) stated that queuing analysis can be a good basis for patient resource planning 

although not all assumptions stated when using queuing analysis hold true. Holm et al. 

(2013) state that discrete-event simulation is often used in hospital wards instead of 

system dynamic modeling since random effects of patient arrivals can then be taken into 

account. According to Feng et al. (2017) discrete-event simulation can also be used to 

evaluate different proposed solutions. While El-Darzi et al. (1998) used it to measure the 

bed occupancy. Finally, Devapriya et al. (2015) used discrete- event simulation for 

planning and budgeting current and future bed capacity by evaluating the impact of 

forecasted pasted volumes, LOS, patient waiting times, occupancy rates and costs.  

The above summary of the structured literature review gives an overview of the four 

different sub-topics analyzed concerning bed capacity. In the structured literature review, 

the following is concluded: the decision support system developed by de Bruin et al. (2010) 

can be used to evaluate the current size of the wards in the Elkerliek, while the 

earmarking policy seems to be an appropriate method for the Elkerliek hospital to 

optimize the use of the bed capacity. Finally, discrete-event simulation can be used to 

represent the bed occupancy and to evaluate different scenarios as described in Devapriya 

et al. (2015). Within this research the consequences for the nurses will also be taken into 

account. The combination of using these different methods and adding the nurses’ aspect 

is identified as the gap in the literature.  
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3 Analysis current situation 
In this chapter, an overview of the current situation in the Elkerliek will be described. In 

Paragraph 3.1 an overview of the different departments and allocated bed capacity is 

represented. In Paragraph 3.2 a quantitative analysis is conducted on different aspects. 

Partly, to confirm the experiences stated in the introduction. Finally, Paragraph 3.3 the 

focus of the research will be determined. 

3.1 Overview departments and allocated bed capacity 
As already stated in the introduction, the Elkerliek currently has 334 beds available: 178 

specialization beds and 156 regular beds of which 12 ‘harmonica beds’. An overview of the 

different departments and number of beds belonging to each department are shown for 

the specialization departments and the regular departments in Table 1 and Table 2, 

respectively. Furthermore, the percentage beds are occupied with elective and acute 

patients is represented for each department. These percentages are the averages of the 

years 2016 and 2017. The data of the first heart aid (EHH) and cardio care unit (CCU) 

are merged, therefore only one percentage is shown for the elective and acute patients. 

The same holds for the data of department 3C and the BCU, the percentage is stated in 

department 3C. Department 3A has a relatively high percentage elective patients because 

patients partly arrive via the Cardio Care Unit, which the data identifies as elective 

patient arrivals. For the total hospital the beds on average are 50% occupied with acute 

patients and 50% occupied with elective patients. 

Table 1. Capacity specialization departments 

Department Name department 
Bed 

capacity 

Elective 

patients 

(%) 

Acute 

patients 

(%) 

2D Short Stay (≤ 6 days) 23 97 3 

CvGG child 
Center for birth and 

family 

20 

93 7 CvGG mother 18 

CvGG delivery room 7 

2IC/MC 
Intensive Care / 

Medium Care 
12 36 64 

3E: EHH First Heart Aid 4 
92 8 

3E: CCU Cardio Care Unit 8 

3C: Brain Care & 

Thrombolysis 
Brain Care Unit 6 - - 

Child & youth - 30 45 55 

2B/2C Daycare 40 99 1 

Endoscopy Daycare 8 100 0 

Oncology Daycare 2 100 0 

Total - 178 79 21 
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Table 2. Capacity regular departments 

Department Name department Bed 
capacity 

Harmonica 
beds 

Elective 
patients (%) 

Acute 
patients (%) 

1B Clinical  20 2 32 68 

1C Clinical  20 2 35 65 

3A Cardiology 23 0 71 29 

3B Lung 19 0 13 87 

3C Neurology 14 4 15 85 

3D Geriatrics 16 0 21 79 

4Alg Internal medicine 32 4 13 87 

Total - 144 12 28 72 
 

The bed capacity represented in Table 2 is the maximum number of beds available at the 

departments. However, two departments have reduction periods, department 3A and 

department 3B. Department 3A has 19 operational beds from June until November and 

department 3B has 17 operational beds from May until October. During the summer 

holiday department 3B only has 15 operational beds. The four additional beds available 

in the winter for department 3A are used for lung patients instead of the normal 

cardiology patients. In Table 3 an overview of the allocation of the main specialism to the 

regular departments is given.  

Table 3. Allocated specialisms per regular department 

Department Specialism 

1B & 1C 

Surgery 

Orthopedics 

Urology 

3A Cardiology 

3B Lung 

3C Neurology 

3D Geriatrics 

4Alg 
Internal Medicine 

Stomach bowels liver 
 

Furthermore, a map of the hospital is made to give an insight into where the different 

departments are located in the hospital. Figure 3 and Figure 4 show a simplified version 

of the hospital map. The structure of floor 1, 2 and 4 is exactly the same while the 

structure of floor 3 is slightly different. Table 4 gives an overview which department is 

located in which corridor of the hospital (A, B, C, D or E). On the ground floor, the child 

& youth department, the outpatient clinic and the ED are located. Department 1D has 

not been named before: this is an external nursing home, located in the Elkerliek. The 

structure of the floors is originally built to place 23 beds in each corridor, so 92 beds per 

floor. Table 1 and Table 2 show that this is currently not the case anymore since multiple 

changes took place over the years. 

  

Figure 3. Map floor 1, 2, 4 Figure 4. Map floor 3 
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Table 4. Overview departments per floor 
 

 

3.2 Quantitative analysis 
In this paragraph a quantitative analysis will be conducted. The following aspects will be 

analyzed: admission stops; misplacement of patients within the regular departments; bed 

occupancy; employment of nurses; the number of admissions and discharges throughout 

the week; bed occupancy rates; nurse occupancy rates; and occupancy rates on days of an 

admission stop.  

3.2.1 Admission stops 

In this subparagraph the first aspects, admission stops is discussed. The Elkerliek does 

not officially keep track of an admission stop, however when an admission stop occurs an 

email is sent to the people involved. The emails sent to the head of Admission & Planning 

regarding an admission stop are therefore carefully read, to be able to identify the number 

of admission stops. Each day can maximally consist of one admission stop and an 

admission stop takes at most one day. In 2017, 33 admission stops occurred for the regular 

departments. In Figure 5 an overview is shown of the average amount of admission stops 

per month for 2015 to 2017. Within that time period on average 28 admission stops 

occurred per year. Furthermore, in Figure 6 the average admission stops per day of the 

week are represented. Based on the information represented in Figure 5 and Figure 6, it 

can be concluded that more admission stops occur in the first two months of the year and 

at the beginning of the week.  

 

Figure 5. Average number of admission stops per month 

 

Figure 6. Average number of admission stops per day of 

the week 

3.2.2 Misplacement of patients within the regular departments 

In this subparagraph the second aspect, misplacement of patients is discussed. 

Misplacement of patients can only occur within the regular departments. A patient is 

misplaced when it cannot be placed at the allocated department and instead is placed on 

another regular department. For now, no distinction is made between ‘less misplaced’ and 
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misplaced. When a bed becomes available in at the allocated department, the patient is 

transferred to its allocated department. There are no restrictions on the number of 

misplaced patients; a patient allocated for the regular departments can therefore always 

be placed when a bed is available at the regular departments. The belonging departments 

of the main specialisms are already represented in Table 3. In Figure 7 and Figure 8 an 

overview is given of the average percentage misplaced patients within the regular 

departments for each month of the year and for each day of the week in 2017. Figure 9 

gives the same overview from a specialism perspective, where the percentage represents 

the average percentage of misplacement throughout the year. Based on the information 

represented in Figure 7 and Figure 8 it can be concluded that on average around 10% of 

the patients are misplaced throughout the year. There is almost no fluctuation between 

the days of the week and there is some fluctuation throughout the months. When 

analyzing the specialisms, represented in Figure 9, a difference in percentage can be seen. 

 

Figure 7. The average percentage of misplaced patients per 

month (2017) 

 

Figure 8. The average percentage of misplaced patients 

per day of the week (2017) 

 

Figure 9. The average percentage patients of each main specialism misplaced (2017) 
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3.2.3 Bed occupancy and employment of nurses 

In this subparagraph, the third and fourth aspect are analyzed concerning the bed 

occupancy and the employment of the nurses. These aspects will first be described for the 

regular departments, subsequently for the specialization departments and finally for the 

total hospital. The Elkerliek keeps track of the amount of minutes a bed is occupied: the 

warm bed minutes. Based on this information and bed capacity the bed occupancy is 

calculated. Furthermore, the employment of nurses is examined. For the regular 

departments, the Elkerliek works with a nurse-patient ratio. The ratio indicates how 

many patients one nurse can treat. Within the ratio only qualified nurses are taken into 

account, so no nurses in training or supporting functions. Based on the total amount of 

hours the nurses actually worked, the number of patients the nurses could treat are 

calculated backward using the ratio, where one patient indicates one bed. This calculation 

is explained more thoroughly in Appendix A. From now on, when nurse capacity is stated, 

the amount of beds the nurses can treat is intended. In Figure 10 and Figure 11 the 

average bed occupancy is represented against the bed and nurse capacity for each month 

of the year and for each day of the week in 2017, respectively. Based on the information 

represented in Figure 10 and Figure 11 it can be concluded that the bed occupancy is quite 

high, especially the first months of the year and the beginning and middle of the week. 

However, the harmonica beds do give some flexibility. Furthermore, the nurse capacity 

indicates fewer nurse availability in the beginning of the year. This can be due to the fact 

that the Elkerliek started working with the nurse-patient ratio in September of 2017. 

Besides, in general, not enough nurses seemed to be available to fulfill the determined 

ratio. The final interesting aspect concerns the decrease in nurse capacity throughout the 

week, while the bed occupancy throughout the week does not decrease as much. 

 

Figure 10. Average number of occupied beds versus bed and 

nurse capacity for the regular departments per month (2017) 

 

Figure 11. Average number of occupied beds versus bed 

and nurse capacity for the regular departments per day 

of the week (2017) 

Subsequently, the specialization departments are analyzed. In Table 1 the specialization 

departments are already represented. For the analysis only the following specialization 
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when ‘specialization departments’ are mentioned, the departments just stated are 

intended, except when stated differently. The other six specialization departments are not 

taken into account for different reasons, which will be described first. The ‘CvGG’, the 

child & youth department and the endoscopy department have different types of beds, 

whereas the oncology department only has two beds available. Furthermore, the data of 

the EHH, another type of ED, is merged with the CCU, therefore these departments are 

not taken into account either.  

For the specialization departments, the bed occupancy and bed and nurse capacity are 

also calculated. Since there is no nurse-patient ratio for the specialization departments, 

this ratio is first constructed to calculate the nurse capacity.  These calculations are visible 

in appendix A. The bed capacity for department 2B, 2C and 2D differ throughout the year 

since the bed capacity is adjusted to the surgery schedule. The surgery schedule works 

with reduction weeks (RW) when there are school holidays. Furthermore, departments 

2B and 2C are only open during weekdays and department 2D is open from Monday 

morning till Saturday afternoon. In Figure 12 and Figure 13 the average bed occupancy 

is represented against the bed and nurse capacity for the specialization departments in 

the no reduction weeks (NRW) for each month of the year and for each day of the week in 

2017, respectively. In appendix B the same overviews can be found for the reduction 

weeks. Based on the information represented in Figure 12 and Figure 13 it can be 

concluded that the bed occupancy for the specialization departments is low. 

 

Figure 12. Average number of beds occupied versus bed and 

nurse capacity in the no reduction week for the 

specialization departments per month (2017) 

 

Figure 13. Average number of beds occupied versus bed and 

nurse capacity in the no reduction weeks for the 

specialization departments per day of the week (2017) 

Finally, the hospital in total is analyzed. For the hospital in total, the bed occupancy, bed 

and nurse capacity are summed for the regular and specialization departments. In 

appendix C the overviews are shown. Based on the information represented in Appendix 

C two conclusions can be drawn. Firstly, the bed occupancy is higher in the first few 

months of the year. Secondly, the bed occupancy increases during the week and decreases 

towards the weekend. 
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3.2.4 Admissions and discharges 

In this subparagraph the fifth aspect is discussed, the number of admissions and 

discharges throughout the week. In Figure 14 the total number of admissions and 

discharges of clinical patients from the regular and short stay departments are shown per 

day of the week in 2017. Based on the information represented in Figure 14 it can be 

concluded that the admissions and corresponding discharges are not equally divided 

throughout the week. 

 

Figure 14. Total admissions and discharges regular and short stay department (2017) 

3.2.5 Bed and nurse occupancy rates 

In this subparagraph aspect six and seven, the bed and nurse occupancy, is analyzed more 

in detail. First the bed occupancy rates throughout the year are investigated for the 

regular departments, thereafter the bed and nurse occupancy for the different 

departments in total are discussed. 

The bed occupancy rates are calculated on average per month and per day of the week in 

2017 for the regular departments based on the information represented in Figure 10 and 

Figure 11. These bed occupancy rates are visible in Table 5 and Table 6. The Elkerliek 

does not keep track of which day a harmonica bed is opened. Therefore, the bed occupancy 

rates are calculated for both options, once when all harmonica beds are not available and 

once when all harmonica beds are available. The information represented in Table 5 and 

Table 6 show that on average the bed occupancy for the regular departments is quite high. 

According to Bagust et al. (1999), an acute hospital can expect regular bed shortages if 

the average bed occupancy rate exceeds 85% and it can expect periodic bed crisis if the 

average bed occupancy rates exceed 90%. Therefore, it is not strange the Elkerliek 

experiences admission stops for the regular departments. However, the bed occupancy 

rates to be expected for a non-acute hospital to experience bed shortages will probably be 

a bit higher. Nonetheless, more than 70% of the regular departments consists of acute 

patients in the Elkerliek. 

Table 5. Average bed occupancy rates per month for the regular departments (2017) 

Month Jan Feb Mar Apr May Jun 

Bed occupancy (excl. Harmonica beds) 97% 96% 93% 97% 87% 93% 

Bed occupancy (incl. Harmonica beds) 89% 88% 89% 84% 72% 74% 

 Jul Aug Sep Oct Nov Dec 

Bed occupancy (excl. Harmonica beds) 90% 83% 84% 93% 87% 83% 

Bed occupancy (incl. Harmonica beds) 74% 72% 75% 81% 79% 71% 
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Table 6. Average bed occupancy rate per day of the week for the regular departments (2017) 

Weekday Mon Tue Wed Thu Fri Sat Sun 

Bed occupancy (excl. Harmonica 

beds) 
92% 93% 92% 91% 89% 87% 89% 

Bed occupancy (incl. Harmonica 

beds) 85% 86% 85% 84% 82% 80% 82% 

 

The average bed and nurse occupancy rates are also calculated for the hospital in total, 

the regular departments and for the individual specialization departments. In Table 7 the 

average bed and nurse occupancy rates of 2017 are represented for the different 

departments. There is an explanation for the low occupancy rates for department 2B, 2C 

and 2D shown in Table 7. The patients of department 2B, 2C all arrive around 10:00 AM 

and stay for a few hours, while the department is open from the morning until the evening. 

This results in low bed and nurse occupancy rates. Department 2D start and ends each 

week with an empty department. The nurse capacity is adjusted to this pattern, however 

on average the bed occupancy rates are therefore low. The bed and nurse occupancy rates 

stated in Table 5 and Table 7 imply that the hospital in total has enough beds available. 

However, the allocation of the beds between the different departments might not be ideal. 

Table 7. Average bed and nurse occupancy rates (2017) 

Department Bed and nurse occupancy rates 
 

  

Occupancy rate (excl. harmonica) Occupancy rate (incl. harmonica) 

No Reduction 

weeks 

Reduction 

weeks 

No Reduction 

weeks 

Reduction 

weeks 

Total hospital 76% 84% 81% 87% 72% 84% 75% 87% 
 

  Occupancy rate (excl. harmonica) Occupancy rate (incl. harmonica) 

Regular 

departments 
90% 98% 83% 98% 

 

  No Reduction weeks Reduction weeks 

Specializations 

departments 

(2B + 2C + 2D + 

2IC/MC + BCU) 

50% 57% 46% 47% 

 

  No Reduction weeks Reduction weeks 

2B + 2C  40% 44% 44% 36% 

2D 66% 100% 58% 82% 
 

  Occupancy rate 

2IC/ MC + BCU 49% 48% 

Legend: 

Occupancy rate beds 

(excl. ‘harmonica’) 

Occupancy rate beds (incl. 

‘harmonica’) 
Occupancy rate nurses 
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3.2.6 Bed and nurse occupancy on days of an admission stop 

In this subparagraph the final aspect, bed and nurse occupancy on the 33 days of an 

admission stop in 2017 are described. Furthermore, the percentage acute and elective 

patients are analyzed on the days of an admission stop.   

For the days an admission stop occurred the bed occupancy is also represented against 

the bed and nurse capacity in Figure 15 for the hospital in total. In appendix D the same 

figures are shown for the regular departments and the specialization departments 

individually. Furthermore, in Appendix D the dates matching the number of admission 

stops are represented. Based on the information represented in Figure 15 and in Appendix 

D it can be concluded that the total hospital still has beds available on the specialization 

departments on the day an admission stop occurs. The regular departments only 

sometimes have beds available on days of an admission stop. This confirms the 

expectation that the bed capacity is sufficient for the hospital in total but the allocation 

between the departments might not be ideal.  

 

Figure 15 Average number of beds occupied versus the bed and nurse capacity on days of an admission stop for the hospital 

in total (2017) 

Finally, the percentage acute and elective patients at the regular departments on days of 

an admission stop is calculated. The results are visible in Figure 16. The black line 

indicates the average elective versus acute patients throughout the year. Based on the 

information represented in Figure 16 it cannot be stated that the amount of acute or 

elective patients is the reason an admission stop occurs, since the percentages on the 

individual days are close to the average of the year.  

 

Figure 16. Percentage elective versus acute patients at the regular departments on days an admission stop occurred 

(2017) 
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3.3 Research focus 
In this paragraph the focus of the research will be determined based on the quantitative 

analysis of the current situation, described in the previous paragraph. 

In the quantitative analysis is seen that the bed occupancy rates of the regular 

departments are relatively high compared to the bed occupancy rates of the specialization 

departments. Furthermore, for the regular departments there is some variation in the 

occupancy rates throughout the year. Therefore, it is interesting to take the regular and 

specialization departments all into account. Although the specialization departments 

IC/MC and BCU have low bed occupancy rates, these beds are not used on peaks days 

currently. This, because it are availability departments, which implies they always need 

to have beds available for their specialism. However, it is interesting to take these beds 

into account in the research to see if it possible to use these beds on a high demand day. 

The focus of the research will therefore be on reallocating the beds of the regular 

departments and departments 2B, 2C, 2D. Furthermore, departments’ 2IC/MC and BCU 

will also be taken into account to analyze if these departments can be used on a high 

demand day. In Figure 17 in one overview the departments taken into account are 

visualized.  

 

Figure 17. Overview departments taken into account (*of which 12 harmonica beds) 
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4 Research questions 
In the previous chapter, the analyses conducted at the Elkerliek are described. Based on 

the analyses conducted, the research questions are determined, which will be described 

in this chapter. The analysis showed that the Elkerliek works with multiple departments 

for different types of patients, depending on the specialism or the LOS of the patient. 

Unfortunately, the allocation of the beds between these departments does not seem to be 

ideal since the bed occupancy rates and corresponding nurse occupancy rates are not 

equally divided between the departments and throughout the year. Furthermore, the 

Elkerliek works with harmonica beds to generate some flexibility. However, these beds 

are not operational beds, which means that nurses are not scheduled and therefore when 

no nurses are available these beds cannot be used. This indicates that there is a need for 

flexibility, which is an interesting aspect to take into account. In focus 2020, the policy 

plan of the Elkerliek, for the coming years the strategic planning of the hospital is 

described. The strategic planning indicates the diagnoses that are planned to grow or 

shrink, and the ones that will be defended or strengthened for the acute and elective care 

(van Beers & van de Walle, 2016). Focus 2020 needs to be taken into account in this 

research as well. These different findings lead to the following main research question 

and sub-research questions: 

How should the beds of the Elkerliek be reallocated to balance the bed 

occupancy rates throughout the hospital and throughout the year, while 

minimizing the misplacement of patients? 

1. How should the beds be allocated throughout the year to match the number of 

operational beds with the patient flow?  

2. How can the beds of the regular departments be used in a flexible way to reduce 

the misplacement of patients? 

3. What is the effect of balancing the admissions throughout the week on the bed 

occupancy rates throughout the week? 

4. What is the effect of merging or changing departments on the number of 

operational beds needed?  

5. How robust is the proposed reallocation of the number of operational beds taking 

into account focus 2020? 

6. Are there resources available at the following specialization departments: 2IC/MC 

and BCU to prevent an admission stop from occurring? 
 

 

For the research question and each sub-questions, the objectives are explained in Table 

8. For all the questions it is important that the following three aspects are taken into 

account: beds, nurses, and flexibility. 
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Table 8. Overview objectives for the research questions and sub-questions 

Main Research question 

 Balance the bed and nurse occupancy rates throughout the hospital to balance 
the occupancy of the beds and the workload for the nurses 

 Balancing the bed and nurse occupancy rates throughout the year to balance the 
use of the beds and the workload for the nurses 

 Reducing misplaced patients to provide good care for the patients 

 Creating a robust hospital to among other things be able to handle the fluctuations 
in patient arrival especially for the acute patients 

 

Sub- research question 1 

 Balance the occupancy rates throughout the year 

 Identify the number of operational beds needed throughout the year at the 
different departments 

 

Sub- research question 2 

 Reduce the percentage of misplaced patients within the regular departments 

Sub- research question 3 

 Identify the influence on the bed occupancy rate when the admissions would be 
balanced throughout the week 
 

Sub- research question 4 

 Balance the occupancy rates throughout the hospital 
 

Sub-research question 5 

 Identify if the bed and nurse capacity is robust in different scenarios. Regarding: 
o The number of patients that arrive 
o The LOS of patients 

 

Sub- research question 6 

 Identify if it is possible on a high demand day, a day with an admission stop or 
nearly an admission stop for the regular departments, to generate additional 
capacity on the stated specialization departments 

o By placing a patient on a specialization department 
o By reallocating nurse to another department 

 Identify the influence of such a decision for the specialization departments stated 
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5 Research design 
The research design describes the different methods used during the research to reach 

the research objectives. Furthermore, the structure, which involves the sequence of the 

steps to be executed, will be described. Paragraph 5.1 describes the structure of the 

research and Paragraph 5.2 describes the different methods used.  

5.1 Structure 
The research is divided into six main sequencing steps and one separate step, to be able 

to answer the research questions. The steps are represented in Figure 18. 

Data Preparation
Patient List 
Generation

Simulation
Verification & 

Validation
Queuing Model Scenario Analysis

Probabilistic 
Analysis IC/MC  &  

BCU

Step 1 Step 2 Step 3 Step 4 Step 5 Step 6

‘What-if’ Analysis

Step 7

 

 

Figure 18. Overview research steps 

Step 1 and step 2 will be described in Chapter 6, step 3 and step 4 in Chapter 7, step 5 

and step 6 in Chapter 8 and step 7 in Chapter 9. Finally, the probabilistic analysis IC/MC 

& BCU will be described in Chapter 10. At the beginning of the chapters an overview is 

provided that shows the different aspects involved in each step.  

5.2 Methodology 
The research steps described in Paragraph 5.1 use different methods. In this paragraph 

the main methods used are described. Subparagraphs 5.2.1 till 5.2.5 each describe a 

method, including at which step the method is applied. The smaller methods used will be 

described in Chapter 6 until Chapter 10.  

5.2.1 Regression analysis 

In step 1, data preparation, a regression analysis is executed. The regression analysis is 

executed to indicate seasonal influences in the bed occupancy. For the regular 

departments the regression analysis is executed for the main specialisms individually for 

two reasons. Firstly, because seasonal influences between the specialisms can differ. 

Secondly because the specialisms are allocated to different departments. To be able to 

determine the number of beds for each department it is important to know if seasonal 

influences play a role. For the day care and short stay departments no regression analysis 

is executed. These departments already have reduction periods, which is adjusted to the 

surgery schedule. The arrival of the elective patients is adjusted to the operation schedule, 

which has a constant occupancy. Therefore, further seasonal influences are not to be 

expected since most patients arriving at the day care and short stay department are 

elective patients. 

5.2.2 Simulation 

In step 3 a simulation is executed. In the literature two methods are described to represent 

bed occupancy: queuing models and discrete - event simulation. With discrete-event 

simulation it is possible to take the random effect of the patient arrivals into account 

(Holm et al., 2013) and it also provides an opportunity to analyze different scenarios (Feng 

et al., 2017). Therefore discrete - event simulation is chosen as the method to represent 
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bed occupancy and to evaluate different scenarios. The simulation is made with the tool 

Visual Basic for Applications (VBA) in Excel. VBA is chosen since this is a user-friendly 

simulation program the Elkerliek can use later on, contrary to, for example, MATLAB. 

5.2.3 Queuing model 

In step 5 queuing model, a queuing model, also called Erlang loss model, is used to 

determine the required bed capacity. De Bruin et al., 2010 used this method as well to 

determine the current size of different nursing units. Based on the results of the queuing 

model, the initial amounts of operational beds throughout the year are determined for the 

different scenarios. Furthermore, the queuing model is used for the probabilistic analysis 

of the IC/MC & BCU. During the probabilistic analysis the current amount of beds for the 

specialization departments IC/MC and BCU are evaluated with this method. This is done 

by calculating the rejection rate when reducing the number of operational beds.  

5.2.4 Scenario analysis  

In step 6 a scenario analysis is conducted. During a scenario analysis several possible 

alternatives are evaluated. In the research multiple options are possible for allocating the 

number of operational beds to the different departments. Therefore a scenario analysis 

seems a good method to use. Furthermore, there might not be one optimal solution for the 

allocation of the operational beds because several performance indicators play a role. With 

the scenario analysis it is possible to give these insights as well.   

5.2.5  ‘What-if’ analysis 

In step 7 a ‘what-if’ analysis is executed. During a ‘what-if’ analysis key quantitative 

assumptions are changed to assess their effect on the final outcome. When the final 

outcome does not change dramatically, the model is robust. The ‘what-if’ analysis is 

executed to analyze if the new deviation of the number of beds is robust to changes. The 

different ‘what-if’ options will be explained later on.   
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6 Data preparation 
In this chapter the data preparation (step 1) and the patient list generation (step 2) will 

be described. In Figure 19 an overview of the aspects that belong to step 1 and step 2 are 

visualized, to give more insights in the process. The blue blocks represent data, the orange 

blocks represent steps that need to be executed by hand and the green blocks represent 

steps that can be executed with VBA. Paragraph 6.1 first describes the data ‘Patients 

Logs’ and subsequently the transformation to useful data. In Paragraph 6.2 the regression 

analysis is executed to calculate the factor for seasonal influences. In Paragraph 6.3 the 

arrivals will be subtracted and the determination of the distribution will be described. In 

Paragraph 6.4 the same is done for the LOS of the patients. Furthermore, similarities in 

the LOS between different groups are analyzed. Finally, in Paragraph 6.5 the creation of 

the final list will be described, by generating the arrivals and creating the final list. The 

creation of the final list consists of determining the starting position, calculating the 

percentage of isolation patients and the transformation to the final list.  

Data
Patient Logs 

(2017)
Useful data
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LOS

Subract

Determine 
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Data 
Warm Beds 

(2015 – 2017)
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Data Operation 
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Data

By hand
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Figure 19. Aspects within step 1 and step 2 

6.1 Data description 
First the data ‘Patient Logs’ will be described and subsequently the transformation of this 

data to useful data. Thereafter, the merging with the data of the operation schedule is 

described. The ‘patient logs’ are subtracted from the admission module in HiX. HiX is the 

electronic patient file (‘EPD’) of the hospital. Within the admission module the patient is 

traced and the actions of the nurses and doctors are tracked. In Table 9 an anonymous 

sample of the data, of in total 131536 actions, is visible.  Furthermore, the multiple 

aspects the data consists of can be seen. For every admission, each day during the 

admission represents a new line in the data. When the patient has been on multiple 

departments on one day; each department also represents a new line. The data is 

available from 01-01-2016 until 22-01-2018 for all the departments of the hospital in 

Helmond and Deurne.  

Table 9. Sample anonymous data 'Patient Logs' 

 

Admission 

number

Start date and 

time

End date and 

time

Mutation 

doctor

Admission 

doctor Specialism

Mutation 

ID

Patient 

number

Rapport 

number

Depart-

ment 

code

Room 

number

Bed 

number

Is 

acute

Warm 

bed 

minutes

Actual 

number of 

nursing 

days

1 13-11-2017 12:23 13-11-2017 16:20 Doctor X Doctor X CAR X1 11 13-11-2017 2C 217 2 0 237 0,165

1 13-11-2017 16:20 13-11-2017 21:52 Doctor X Doctor X CAR X2 11 13-11-2017 3A 338 2 0 332 0,231

1 13-11-2017 21:52 14-11-2017 11:00 Doctor X Doctor X CAR X3 11 13-11-2017 3E CCU 5 1 0 128 0,089

1 13-11-2017 21:52 14-11-2017 11:00 Doctor X Doctor X CAR X3 11 14-11-2017 3E CCU 5 1 0 660 0,458
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The data transformation consists of five steps. After the execution of these five steps a 

visualization is made of the different flows of the patient throughout the hospital and a 

useful list of patients is created. The steps are as follows: 

1. Selecting the data to be used 

2. Label the departments to general departments 

3. Determining the number of general departments a patient has been at during      

his or her admission 

4. Delete patients that have been at too many general departments 

5. Divide an admission into blocks of general departments.  
 

In step 1, the departments and aspects needed are selected. For the departments, the 

departments stated in determining the focus of the research are selected. Furthermore 

the CCU is added, since many patients transfer from the CCU to regular department 3A. 

Only the data of 2017 and partly 2018 is selected because this is the year the data is 

complete. For 2016, the data of patients admitted in 2015 is not complete. For creating 

the final list only the admissions that started in 2017 are taken into account. For the 

aspects the following columns are selected since these are relevant for the research: 

admission number; start date and time; end date and time; specialism; patient number; 

department code; is acute and warm bed minutes.  

After the data selection the individual departments are labeled to the following general 

departments in step 2: regular department, short stay department, day care department, 

IC, BCU, CCU.  

In step 3 for each admission number, an overview is made of the following three aspects: 

how many general departments the patient has been during his/her admission; what was 

the general admission department; and what was the general discharge department. 

When making this overview it is assumed that a patient only comes once at a general 

department except for his or her admission or discharge department. To give an indication 

of how many general departments the patients stay at during their admission an overview 

is given in Table 10.  

Table 10. Number of patients in number of different general departments. *1,*2 of which 343, 10 have the same admission 

department as discharge department, respectively 

Number of different general 

departments a patient has 

been during admission 

Number of 

patients 

1 22675 

2 2739 *1 

3 127 *2 

4 2 

5 0 

6 0 
 

In step 4 patients which have stayed at more than 3 general departments during their 

admission, or have been on 3 general departments but have the same admission as 

discharge department are deleted. This results in deleting 12 patients from the data set. 

This, because the admission is divided into too many departments to be representable. 

In step 5 the admissions that have stayed at multiple general departments are divided 

into blocks based on the information gathered in the previous steps. The admission can 

maximal be divided into three blocks to cover the complete admission of the patient. This 

resulted in a list of the following aspects: admission number; patient number; start date 
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and time; end date and time; LOS; origin department, which can be direct (ED or home), 

or the department the patient is coming from; general department; specific department, 

which is based on the first department of the general block; specialism; is acute; the 

number of general departments the patient has been during the admission. 

After the transformation of the data a visualization is made of the different patient flows 

throughout the hospital. In Figure 20 an overview is given of the patient flows between 

the different departments. The blue blocks represent the regular departments; the orange 

blocks the daycare- and short stay departments and the yellow blocks represent the 

specific care departments. The percentages are based on the block the arrows start at. 

The dotted line shows that less than 1% of the total group of patients is flowing out of the 

block the arrow started at. Flows with less than 0.2% are not shown. The bold lines 

represent the flows taken into account in the simulation.  
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1%
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Figure 20. Patient flows (2017) 

Finally, two additional elements are added to the already created list of patients, the 

surgery schedule and whether the patient’s allocation is correct or not. The operation 

schedule is added to be able to evaluate a specific scenario ‘admission without bed’. This 

scenario will be explained more in detail later on. When an admission also had a surgery 

on the first day of arrival the start and end time of the surgery is linked to the dataset. 

Finally, for the patients in the regular department the allocation is reviewed. In Appendix 

E, the decision-making of placing patients at the different regular departments is 

described. To be able to analyze the effect on the LOS of the patient by ‘misplacing’ a 

patient or ‘less misplacing’ a patient, the following is tracked; for each admission at the 

regular department there is determined if the patient is placed correctly, ‘less misplaced’ 

or misplaced based on the department the patient entered the regular department. All 

these transformations from raw data to useful data are made in VBA, so it can easily be 
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executed again when implementing new raw starting data. In Appendix F the script of 

VBA is explained for all steps executed with VBA, so it can be used again. 

6.2 Determine seasonal influences 
In this paragraph a regression analysis is executed to identify seasonal influences for all 

specialisms of the regular departments. Based on the regression analysis a factor is 

determined to represent the seasonal influences in the simulation. In Figure 10 can 

already be seen that the number of warm beds differs during the year in the regular 

departments, from 110 in August to 140 in January. To determine seasonal influences, 

data ‘warm bed minutes’ from 2015 – 2017 is used instead of the data described in 

Paragraph 6.1. The data ‘warm bed minutes’ represents the minutes a bed is occupied, 

with which specialism for each day of the year. The differences in warm bed minutes 

throughout the year can be the cause of a higher or lower arrival rate or because of 

differences in the LOS of the patient. However, the factor will be used to influence the 

arrival rate of the different specialisms. In Paragraphs 6.3 and 6.4 the arrival rate and 

the LOS differences of the year 2017 will be analyzed more in detail to confirm this 

decision. 

A regression analysis is conducted to determine this factor. Regression analysis can be 

used to discover relationships among variables, where a difference is made between 

dependent and independent variables. Regression analysis is normally used to forecast 

data, however, trend or seasonality are also patterns that are taken into account. Based 

on the overall graphs of the three years, it can be concluded that no trend is visible, but 

seasonality does seem to occur. Therefore, a regression analysis on time series for 

seasonality without trend is executed, which gives the following formula (Anderson et al., 

2011): 

�̂�  = 𝑏𝑜 + ∑ 𝑏𝑛 ∗ 𝐶𝑙𝑛
𝑃
𝑛=1  with 𝐶𝑙𝑛 =  {

 1 𝑖𝑓 𝑐𝑙𝑢𝑠𝑡𝑒𝑟 𝑛
0 𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒

  where, 

�̂�  = dependent variable, forecasted amount of occupied beds 
P  = number of clusters  
b0  = initial parameter 
bn  = parameters for cluster n 
Cln  = independent variable, Cluster n 

 

The first step is to determine the clusters. Initially, each month was taken as a separate 

cluster. However, no significant results followed for the specialisms from this regression 

which would indicate no seasonal influence in the data. Since for the regular departments 

in total distinction throughout the year could be seen there is decided to determine new 

clusters. The new clusters are based on the school holidays. The overview of these clusters 

can be seen in Table 11. 

Table 11. Overview clusters based on holidays 

Cluster Period 

1 From Christmas holiday up to spring holiday 

2 Spring holiday up to May holiday 

3 May holiday to summer holiday 

4 Summer holiday 

5 From Summer holiday up to Fall holiday 

6 Fall holiday up and until Christmas holiday 
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For each specialism, the average number of warm beds is calculated for each cluster for 

each year of data. Subsequently, there is determined which specialism need to be taken 

into account by looking at the averages and variation for each specialism based on the 

clusters. Ultimately, nine main specialisms are taken into account since the other patient 

types are too small to consider. Consequently, the regression analysis is executed in Excel. 

For each cluster, the output is analyzed and looked if the p-value was significant, where 

a p-value < 0.05 is considered as significant. Subsequently, stepwise regression is 

executed, which means each time the least significant cluster is deleted from the data set 

until only clusters with significant p-values remain. For five specialisms seasonal 

influences are detected, during at most four different periods. No differences were seen 

between cluster 5 and cluster 6, these are therefore merged. The factor is determined 

based on the calculation of�̂�, so for the entire year b0 is taken as value, and for the cluster, 

bn is added or subtracted for the specific cluster. The ratio between these two values is 

used as the factor, where throughout the year the average factor is 1. The results of the 

factor determination are visible in Table 12. 

Table 12. Overview factors for the specialisms 

Specialisms – Regular departments Cl 1 Cl 2 Cl 3 Cl 4 Cl 5 - Cl 6 

CAR – Cardiology  1,03 1,03 1,03 0,80 1,03 

CHI – Surgery  1,09 1,14 0,95 0,95 0,95 

GER – Geriatrics  1,03 1,03 1,03 0,84 1,03 

INT – Internal Medicine 1 1 1 1 1 

LON – Lung  1,30 1,30 0,89 0,68 0,94 

MDL – Stomach bowels liver 1,20 0,97 0,97 0,97 0,97 

NEU – Neurology  1 1 1 1 1 

ORT – Orthopedics  1 1 1 1 1 

URO – Urology  1 1 1 1 1 
 

6.3 Analysis patient arrival 
In this paragraph the arrival pattern of the patients is analyzed. Subparagraph 6.3.1 

looks at the arrival pattern of each specialism of the regular departments in. 

Subparagraph 6.3.2 describes the distribution determination. 

6.3.1 Patient arrival pattern 2017 

In this subparagraph the patient arrival of 2017 is compared with the results of the factor 

determination. For the specialisms CAR, GER and LON the conclusions of the factor 

determination are confirmed when analyzing the direct arrivals in 2017. For the 

specialisms CHI, INT, MDL and NEU small distinctions can be seen, due to the fact that 

the data in 2017 slightly differs from the years 2015 and 2016. For the specialisms ORT 

and URO a high increase is seen in the number of arrivals during the summer holiday, 

which was not seen in the regression analysis. This is probably because the short stay 

department closes in the summer and these patients have a shorter LOS. The higher 

arrival rate and the shorter LOS are therefore probably balanced in the warm bed data. 

However, there is decided to continue with the factor determination executed in 

Paragraph 6.2 since the arrival rate of specialisms ORT and URO is only 1 patient per 

day.  
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6.3.2 Distribution patient arrival 

In this subparagraph the different groups for which a distribution needs to be determined 

for are described and subsequently the distribution determination. The distribution 

determination consists of two steps. First several distributions are compared based on the 

Mean Square Error (MSE). Second, a Chi-Square Goodness-of-Fit Test is executed for the 

distribution with the lowest MSE to confirm the significance of the distribution.  

A distribution needs to be determined for the arrival of patients at department 2B, 2C, 

2D and at the regular departments. In Figure 20 an overview of the flow of patients 

through the ward could already be seen. In this overview, different patient groups can be 

distinguished. The main group of patients arrives directly at one of the general 

departments and then leaves again from this department. However, there is also a group 

of patients that flow through from 2B, 2C and 2D to another department. The BCU, CCU 

and IC are specialization departments for specific specialisms where patients often arrive 

before entering the belonging regular department, or patients have an interaction with 

one of these departments. Between the different patient groups there often is a distinction 

in the arrival rate of acute and elective patients, therefore these groups are separated. 

Besides, for the regular departments the distribution determination is done for each 

specialism while for 2B, 2C and 2D the determination is based on the total data. This, 

because there are no specific departments for the different specialisms in the day care and 

short stay departments  

The arrival distribution is determined based on the direct arrival of patients, so the 

patients flowing through from 2B/2C/2D are not taken into account in the distribution 

determination, but will arrive via an empirical distribution in the simulation. The 

patients that have an interaction with the BCU, CCU or IC are taken into account as a 

separate group for each individual specialization department. Finally, the patients 

flowing through from the BCU, CCU or IC are taken into account as direct arrivals since 

these patients commonly start at one of the availability departments and then after a few 

days flow to the regular departments. For the patients arriving at department 2B/2C/2D 

only weekdays are taken into account, for 2D the summer reduction is not taken into 

account either.  

In the first step several distributions are evaluated based on their MSE for the different 

patient groups just described. These are the following distributions: exponential; normal; 

lognormal; uniform and Poisson. The formula of the MSE is as follows: 

MSE = 
1

𝑛
∑ (𝑌𝑖 −  �̂�𝑖)2𝑛

𝑖=1   

n  = number of observed values, 365 in this case  

�̂� = vector of n predictors 

Y  = vector of observed values of the variables being predicted 
 

The distribution with the lowest MSE is determined for each group of patients. For the 

acute patient groups this was mostly Poisson. Only exponential had a lower MSE for the 

day care departments and some smaller patient groups (< 20 arrivals). This was to be 

expected, as Kokangul (2008) already stated: acute patient arrivals are mostly Poisson 

distributed. For the elective patient groups, there were more deviations between the 

different distributions with the lowest MSE. Ranging from exponential, to normal, to 

Poisson. However, since only one distribution for all elective groups needs to be selected, 

the normal distribution is chosen since the normal distribution has the lowest MSE for 

patient groups with more than 300 patients.  



25 

 

To confirm if these pre-chosen distributions are significant a Chi-Square Goodness-of-Fit 

Test is executed using MATLAB. This Chi-Square Goodness-of-Fit Test determines if the 

data sample comes from a specified probability distribution and works with the following 

formula:  

𝜒2 =  ∑
(𝑂𝑖−𝐸𝑖)2

𝐸𝑖

𝑁
𝑖=1 .  

Oi  = observed counts for the hypothesized distribution 

Ei = expected counts for the hypothesized distribution  

𝜒  = chi – square 

N  = number of observed values 
 

The MATLAB function returns an h and p-value, where h is the decision for the null 

hypothesis, and p represents the significance level. The null hypothesis for the acute 

patient groups is as follows: “The data comes from a population with a Poisson 

distribution”. For the elective patient groups the hypothesis is as follows: “The data comes 

from a normal distribution”. When h is 0 the null hypothesis is accepted, when h = 1 the 

null hypothesis is rejected at a 5% significance level, represented by the p-value.  

For the acute patient groups within the regular departments, the Poisson distribution is 

significant for all patient arrivals at the regular departments and for three main patient 

groups. For 12 of the remaining 13 patient groups, the number of arrivals was too low to 

execute the Chi-Square Goodness-Of Fit Test. However, since the overall data and three 

large groups of patient data are significant a Poisson distributed arrival is chosen for the 

acute patients of the regular departments. A distinction is made between the arrivals in 

the weekend and the arrivals throughout the week, also for these individual groups the 

Poisson distribution is significant for the groups with enough data. For the daycare and 

short day department, the null hypothesis is rejected, or not enough data was available, 

therefore empirical data will be used for these two groups.  

For the elective patient groups within the regular departments, the normal distribution 

is either not significant or not enough data was available for all patient groups. Therefore, 

the empirical data will also be used for the patient groups within the regular. For the day 

care and short stay departments the null hypothesis is accepted, so a normal distributed 

arrival for the elective patients for the day care and short stay departments is chosen. A 

distinction is also made between the reduction weeks and the non-reduction weeks. For 

the short stay department there is also a distinction made between the days of the week, 

since there is a strong deviation in arrival throughout the week. For these groups the 

normal distribution is also significant in most groups, when enough data was available.    

The results of the analyses described in this subparagraph are visible in Appendix G in 

Table 40 and Table 41. 

6.4 Analysis length of stay patients 
In this paragraph the LOS of the patients is analyzed. Subparagraph 6.4.1 looks at the 

LOS of each specialism of the regular departments. Subparagraph 6.4.2 describes the 

distribution determination. 

6.4.1 Length of stay patients 2017 

In this paragraph the LOS of the patients in 2017 is analyzed. When analyzing the LOS 

the explanation for the high increase of arrival in cluster 4 for specialisms ORT and URO 

described in Paragraph 6.3.1 can be confirmed since the average LOS is shorter in that 

period. For the other specialisms an additional test is done to determine if there are 
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significant differences in the LOS. This is done with a ttest2 in MATLAB. The results are 

visible in Table 42 and Table 43 in Appendix G. Only groups with more than 100 patients 

are taken into account. This resulted in a significant difference in the LOS for specialisms 

CHI and LON, which is therefore taken into account in the simulation. 

6.4.2 Distribution length of stay 

For the distribution determination of the LOS the same groups are used as for the 

distribution determination of the arrivals. Also the same distributions are compared 

based on their MSE, for the distribution with the lowest MSE a Chi-Square Goodness-of-

Fit Test is executed to confirm if the distribution is significant. Subsequently, a ttest2 is 

executed to determine if there are differences between the groups acute and elective. 

Finally a ttests2 is executed to determine if ‘misplacing’ a patient results in a longer LOS.   

As already described, are the groups the same as for the distribution determination of the 

arrivals. However, for the patient groups that had an interaction with the BCU, CCU or 

IC the LOS before and after the interaction are added. Then the MSE is calculated for the 

five different distributions, namely exponential; normal; lognormal; uniform and Poisson. 

A Chi-Square Goodness-Of-Fit Test with MATLAB is executed to determine if the 

lognormal distribution is significant for the different patient groups. The hypothesis for 

all groups is as follows: “the data comes from a population with a lognormal distribution”. 

Only one large group of patients had a significant lognormal distribution. For all the other 

main groups this was not the case, therefore, is decided to use the empirical data for the 

LOS of the patients instead of a lognormal distribution. In appendix G in Table 44 these 

results can be seen. 

Furthermore, a ttest2 is executed with MATLAB to test if there was a significant 

difference in LOS between the acute and elective patient groups. The hypothesis tested is 

as follows: “the two data samples are from a population with equal means”. The test 

assumes normally distributed data which is currently not the case. However a ttest2 is 

‘robust’ for this assumption, and can therefore still be used (Stone et al., 2015). For some 

patient groups, a significant difference between the LOS of acute and elective patients is 

found, this will be taken into account in the simulation. Furthermore, the same ttest2 is 

executed between patients that initially are placed correctly, ‘less misplaced’ or misplaced, 

to determine if there is a significant difference in LOS between these groups. For some 

patient groups, a significant difference appeared to occur. Only patient groups consisting 

of more than 20 patients will be taken into account in the simulation when ‘misplacing’ 

or ‘less misplacing’ a patient. The results of these ttests are also visible in Appendix G in 

Table 45 and Table 46. Furthermore, the final groups of patients used for the simulation 

are shown in Table 47 in Appendix G.  

Overall there can be concluded that for the LOS for all groups the empirical data will be 

used in the simulation, a distinction for some specialisms and groups is made between the 

LOS of acute and elective patients. Furthermore, some patients will get an additional 

LOS when not placed at their allocated department. 

6.5 Data transformation 
In this paragraph the final data transformation is described based on the information 

gathered in the previous paragraphs. Subparagraph 6.5.1 will describe this 

transformation. Subparagraph 6.5.2 describes which two aspects are lastly added to the 

final list. 
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6.5.1 Transformation to the final list 

The creation of the final list consists of two steps, first the arrivals for each patient group 

are generated and subsequently the LOS and other aspects are linked to the arrivals. 

For the regular departments, patient arrivals are generated based on their specialism. 

For the acute patients, a Poisson distribution is used which is based on lambda (λ), the 

mean of the arrivals per day. For each specialism there is a λ for arrivals in the week and 

a λ for arrivals in the weekend. These lambdas are multiplied by the factor determined in 

Paragraph 6.2 to take the seasonal influences into account. For the elective patient 

arrivals, the empirical data is used. Since for the elective patients, there is a deviation in 

the number of patient arrivals throughout the week a random number of arrivals for a 

specific weekday is selected. Throughout the year no distinction in patient arrivals for the 

elective patients could be seen.  

For the short stay and daycare departments, the patient arrivals are generated for the 

whole department. For the elective patients a normal distribution is used, which is based 

on the mean (µ), and the standard deviation (σ). For both departments there are reduction 

weeks, therefore two different means and standard deviations are used to represent both 

periods. For department 2D, also a deviation is made for the days of the week which 

results in five means and standard deviations. For the acute patient arrivals, empirical 

data will be used. Also for the acute patients, there is a deviation in the number of arrivals 

throughout the week, therefore a random number of patient arrivals for a specific 

weekday is selected. Furthermore, there is a deviation throughout the year, therefore a 

distinction is made between which group a random number can be picked out, the 

reduction period group or the non-reduction period group.  

Finally, there is a group of patients that flow through from the daycare departments and 

the short stay department to another department. For these patient groups empirical data 

is used, the number of arrivals is again randomly picked for a specific day of the week 

based on the two different groups (reduction vs no reduction).  

The arrivals are generated with VBA for five years to be able to reflect the differences in 

arrival between the years in the simulation, a sample is visible in Table 13. However, 

there is assumed that each year has the same holiday weeks on which the seasonal 

influences are determined, to be able to actually compare one year five times. Based on 

different groups a unique random number is linked to the arrivals generated. The groups 

are determined in the previous paragraphs, visible in Table 47 in Appendix G. 

Table 13. Example data aspects generated during patient arrival 

Arrival 

Date 

General 

Department 

Origin 

Department 

Acute/ 

Elective 

Specialism 

1-1-2018 Regular Directly Acute CHI 

1-1-2018 Regular Short Stay Elective TBA 

1-1-2018 Short Stay Day Care Elective TBA 

1-1-2018 Day Care Directly Elective TBA 
 

Based on the unique number linked to the arrival the following aspects are linked as well: 

admission time (rounded to whole hours); the LOS; start time of the operation; end time of 

the operation. When the patient did not have an operation on the first day of admission a 

zero is linked instead of the start and end time. Furthermore, the short stay department, 

the daycare department and patients flowing through from other departments the 

specialism are linked based on the unique number. The reported admission time of the 
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data can be used since there is a strong deviation between the admission times. This 

implies that the data is properly maintained by the nurses. For each patient group where 

a significant difference in LOS was found by ‘misplacing’ or ‘less misplacing’ a patient only 

a LOS of a correct placement is linked. On forehand, there is assumed a patient will be 

placed correctly in the simulation when this is not the case additional LOS will be added 

during the simulation.   

After linking these different aspects, the end date and time are calculated. In the 

scenarios the LOS can vary to a shorter or longer LOS. Therefore, the current LOS is first 

multiplied by a factor and then the end date and time can be calculated, currently this 

factor is 1. When the LOS is shorter than half an hour, the LOS is increased with 30 

minutes, to make sure the arrival date and time are not equal to the discharge date and 

time, which in reality would not be possible.  

Finally, the list generated is sorted by the starting date and thereafter on the admission 

time so the patient that arrives first is placed first in the simulation. When starting date 

and admission time are equal an acute patient is given preference above an elective 

patient.  

6.5.2 Starting position and isolation percentage 

There are two more aspects that need to be added to the final list. Firstly, if the patient 

needs to be placed in a single room or not, which will be described first. Secondly, the 

starting position of the simulation, which will be described after. 

The original data gave no information about the isolation of a patient. Therefore a 

percentage of the total patients in need of a single room for the general departments is 

calculated. These calculations can be found in Appendix H. Based on this percentage there 

is added to the final list if a patient is in need of a single room or not. It is important to 

take this aspect into account, since the Elkerliek has a limited amount of single bedrooms, 

this sometimes results in blocking a bed on a two person room, to create a single room.  

Finally, the simulation needs to have a starting position, otherwise, it starts with an 

empty hospital, and it will take some time before the hospital is full and it can be analyzed. 

Therefore a list of dummy patients is made, which are placed first. These dummy patients 

are based on actual patients, namely the patients that already were in the hospital on 01-

01-2018 00:00:00 till they left the hospital. So new patients entering the hospital after 01-

01-2018 are not taken into account. In total 102 patients occupied a bed on the regular 

departments on the first of January 2018 at midnight. This is only applicable to the 

regular departments since 01-01-2018 is a Monday, so no patients from the week before 

are still in department 2B, 2C or 2D. By using this starting position the data of 2018 is 

also useful to measure the performances of the simulation.  
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7 Simulation 
In this chapter simulation (step 3) and verification and validation (step 4) will be 

described. In Figure 21 the aspects of step 3 and 4 are represented. Paragraph 7.1 

describes the general idea of the simulation. Then Paragraph 7.2 describes the ‘rules’ the 

simulation works with, these rules are based on reality as much as possible. Paragraph 

7.3 describes the performance indicators. Finally, Paragraph 7.4 discusses the verification 

and validation of the simulation model. 
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Figure 21. Aspects of steps 3 and 4 

7.1 Simulation description 
In this paragraph the simulation, made in Excel with VBA, will be described. The model 

is made in Excel VBA because the Elkerliek can then use the simulation model later on 

as well. The simulation ‘places’ the patients from the list of patients in ‘beds’ based on 

several criteria, which are described in the next paragraph. This is done for 5 years, for 

each hour of the day, so the simulation in total has 8760 rows. Within the columns the 

beds are represented, in total 219 beds, for each bed is stated if it is a bed on a 1 person, 

a 2 person or a 4 person room (these are the options the Elkerliek Hospital has), what 

type of bed it is (fixed, flexible or harmonica), and on which department the bed is placed. 

Currently, the Elkerliek only has fixed and harmonica beds, the flexible beds are an option 

for one of the new scenarios which will be described later on. However, within the 

Elkerliek a harmonica bed can change, which means that each day a different bed can be 

a harmonica bed. Within the simulation this is not possible, the harmonica beds are fixed 

bed, for all harmonica beds a bed in a 4 person room is chosen.  

The simulation represents the maximum amount of beds available throughout the year. 

It is, therefore, possible to block beds during the year up front for each department to 

represent the operational beds, this can be done on a weekly basis. When blocking the 

beds, beds from a 4 person room will be blocked first. For the short stay and daycare 

departments, it is also possible to block beds within the reduction periods.  

The simulation keeps track of the bed occupancy for each specific bed for each specific 

hour of the day. It keeps track of three options, namely: occupied; empty or blocked for a 

specific reason. There are two different blocking reasons, namely: blocked because of 

reduction period or blocked because of creating a single room. Besides the bed occupancy, 

for each placement the following aspects are tracked: 
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- If a patient is placed or refused. 

- If a patient is placed on a bed in a 1 person, a 2 person or a 4 person room. 

- If a patient is placed on a fixed, flexible or harmonica bed. 

- If the patient is placed correctly, ‘less misplaced’ or misplaced, and when the 

patient is replaced, for how long it was ‘less misplaced’ or misplaced. 

- The additional LOS when a patient is ‘less misplacement’ or misplacement. 

- When an isolation patient is placed in a 2 person room, with another bed blocked, 

how long it is placed there, and if it is replaced correctly. Furthermore there is 

tracked if the bed blocked is on the correct, ‘less misplaced’ or misplaced 

department. 

- For both replacement options; to a single room or to a correct department, there is 

also tracked on which type of bed the patient is placed. 

Furthermore, there are some aspects tracked for one specific scenario, this scenario and 

belonging aspects will be explained later in Chapter 8.  

7.2 Placement rules 
In this paragraph the placing rules the simulation works with are described. Placing 

patients covers multiple aspects. In the hospital plenty human tasks are involved in this 

process, for example consultation between the bed coordinator and the different 

departments. However, within the simulation consultation is not an option, everything 

has to go according to specific placement rules. The placement rules are developed in 

consult with the bed coordinator, to match the reality as much as possible. 

Firstly, no distinction is made between the placement of acute and elective patients. Only 

when the starting date and admission time of an acute patient and elective patient are 

equal, the acute patient gets priority. Which implies that when all beds are full an elective 

patient is refused above an acute patient, which is also the case in reality. However, in 

reality for an elective patient a bed is reserved, which means that the day before no acute 

patient is placed in a bed if a patient arrives before 11:00h, otherwise an elective patient 

is normally placed after a discharge of a patient. This applies to the regular departments, 

the short stay and daycare departments mainly have elective patients. In the simulation, 

this reservation is not executed, since for each patient the arrival time and discharge time 

are known.  

When a patient needs to be placed there is first looked which specialism it is and which is 

its preference department, according to Appendix E. For the short stay and daycare 

departments there are no preference departments. Secondly, there is looked if the patient 

needs to be placed in a bed in a single room or not. When these factors are determined, 

the patients are actually placed. This happens according to the following priority: 

1. The patient is placed on a fixed bed in the correct department. 

2. The patient is placed on a flex bed in the correct department. 

3. The patient is placed on a flex bed in a ‘less misplaced’ department. 

4. The patient is placed on a fixed bed in a ‘less misplaced’ department. 

5. The patient is placed on a flex bed in a misplaced department. 

6. The patient is placed on a fixed bed in a misplaced department. 

7. The patient is placed on a harmonica bed in the correct department 

8. The patient is placed on a harmonica bed in the ‘less misplaced’ department. 

9. The patient is placed on a harmonica bed in the misplaced department. 
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First there is checked if the bed is empty and if the bed is also empty during the rest of 

the LOS of the patient. For a patient that needs to be placed in a single room, the steps 

are executed first for all the available single rooms. When there are no single rooms 

available anymore, the simulation checks if there are two 2 person room beds empty. 

When two or more empty beds are found the patient is placed and the other bed is blocked 

based on the same priority rules as described above. In reality a completely empty 2 

person room would be created by replacing a patient. However in the simulation this is 

not the case, but by tracking which bed is blocked there can be seen if another patient had 

to be replaced on a non-preferred department. When no two 2 person room beds are empty 

the patient is rejected instead of placed at an empty 4 person room. When a patient is 

placed on a two person room, there is looked ahead, to see if a bed on a one-person room 

becomes empty, when this is the case the patient is replaced to this room. When a patient 

on a single room is ‘less misplaced’ or misplaced, there is also looked ahead to see if a 

correct bed becomes empty on a single room, when this is the case the patient is replaced 

to this bed. A patient is only replaced when its LOS is longer than 24 hours since this is 

also the case in reality. The harmonica beds are only used when a patient otherwise needs 

to be rejected, not for placing or replacing a patient correctly. 

For a patient who is not in need of a single room, the placement happens according to the 

following priority. First step 1 is executed for a bed on a 4 person room, then for a bed on 

a 2 person room and finally for a bed on a single room. Subsequently step 2 is executed 

for a bed in a 4 person room, then for a 2 person room and finally for a single room. This 

happens for all 9 steps in the same sequence. When a patient is ‘less misplaced’ or 

misplaced, there is also looked ahead to see if a correct bed becomes empty, when this is 

the case the patient is replaced to this bed. The patients are only replaced if a correct bed 

becomes empty, they are not replaced from misplaced to ‘less misplaced’. 

For all placement rules just described, one more rule applies. When multiple beds are 

available belonging to the criteria stated, the patient is placed on a bed that is empty for 

the shortest period of time. This rule is chosen to see if the beds available now are also 

necessary throughout the year. 

7.3 Performance indicators 
In this paragraph, the performance indicators will be discussed. The performance 

indicators are used for multiple aspects. Firstly for the verification and validation of the 

simulation model, which will be described in the next Paragraph 7.4. Secondly, to analyze 

the performances of the different scenarios. The performance indicators have an 

association with the parameters used during the analyses conducted in Chapter 3. In 

Subparagraph 7.3.1 till 7.3.4 the following topics are discussed: bed occupancy; rejection 

of patients; placement on the different departments and nurse capacity, respectively. For 

each topic, there will be described why they are chosen, in which way they are used and 

how they are calculated. 

7.3.1 KPI I: Bed occupancy 

The bed occupancy is the first performance indicator which gives an insight into how 

efficient the resources are being used. A higher bed occupancy rate indicates a more 

efficient use of the capacity. However, a higher bed occupancy results also in a higher 

rejection rate. This performance indicator gives an insight into the bed occupancy 

throughout the year and throughout the departments, which matches the goal of this 

research. 
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The bed occupancy is calculated on three levels, the highest level is the hospital in total. 

The second level represents each general department individually: the regular 

departments, the short stay department and the day care departments. The third level is 

for each individual department of the regular departments. Furthermore, the bed 

occupancy is calculated for multiple aspects for each level. These options concern the type 

of beds occupied, fixed, flexible or harmonica. The bed occupancy is calculated as follows: 

𝐵𝑜 = ∑
60 ∗ 𝑂𝑡

𝐶𝑡

𝑡
𝑖=0   where:  

t = amount of hours 

Ot  = if a bed on time t is occupied or not  

Ct  = available capacity in minutes on time t.  

7.3.2 KPI II: Rejection 

The rejection of patients is the second performance indicator, which will give an insight 

into the number of patients that could not be placed when arriving at the hospital. In the 

analysis of the current situation could already be seen that the Elkerliek experiences 

admission stops, which with this performance indicator is represented. 

The rejection of patients is calculated in two ways, the number of patients rejected and 

the rejection rate. Both calculations are done for the three levels described when 

describing the previous performance indicator. Furthermore, a specification is made 

between the rejection rate throughout the year and between acute and elective patients. 

Also a specification is made for patients that are in need of a single room or not.  Finally, 

the number of rejections and the rejection rate are calculated when no nurses would be 

available to open the harmonica beds. The amount of rejections, NRej is calculated by 

summing all the rejections that took place. The rejection rate is calculated as follows:  

𝑁𝑅𝑒𝑗

𝑁𝐴𝑟𝑟
, where  

NRej = amount of patients rejected 

NArr  = total amount of patients arrived at the hospital 
 

7.3.3 KPI III: Placement of patients 

The placement of patients is the third performance indicator, which gives an insight into 

the number of patients placed at the allocated department or not. This performance 

indicator will only be used for the regular departments since within the short stay and 

daycare departments a patient cannot be misplaced. The performance indicator is 

important to take into account since the patient might receive less good care at a non-

preferred department, besides it can lead to a longer LOS for some specialisms. This 

performance indicator gives an insight into the placement of patients, which matches the 

goal of the research to reduce the misplacement of patients. 

The placement of patients is calculated in three ways. Firstly, the number of patients that 

are placed correctly, ‘less misplaced’ or misplaced is calculated. Secondly, the percentage 

placed correctly, ‘less misplaced’ and misplaced is calculated. Finally, the percentage of 

patients placed correctly the first time, so patients that do not need to be replaced, is 

calculated. As already explained, the calculations are only executed for the regular 

departments. They are calculated for the regular departments in total, for the specific 

departments of the regular departments individually and finally they are calculated from 

the specialism perspective. 

The amount of patients placed correctly (PCor), ‘less misplaced’ (PLMis), and misplaced 

(PMis), is based on the department the patient entered the hospital, since the first 
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admission department is important for the LOS of the patient. The calculations are done 

by summing the patients of type PCor, PLMis and PMis. Furthermore, an insight is given into 

the total LOS patients that are misplacedtaking the replacement of a patient into account. 

The percentage of placement is calculated for the patients placed correctly, ‘less 

misplaced’ or misplaced as 
𝑃𝐶𝑜𝑟

𝑃𝑇𝑜𝑡
,  

𝑃𝐿𝑀𝑖𝑠

𝑃𝑇𝑜𝑡
 , 

𝑃𝑀𝑖𝑠

𝑃𝑇𝑜𝑡
 respectively. Where with PCor/ PLMis/ PMis/ PTot 

the total LOS is intended. Only the patients placed are taken into account, not the rejected 

patients. For the final aspect the amount of patients placed correctly the first time (PCor1) 

is divided by the total amount of patients placed (PTot). 

7.3.4 KPI IV: Nurse capacity 

The final performance indicator will give an insight into the nurse capacity needed. This 

is an important aspect to take into account. Since the capacity of beds has a direct relation 

with the number of nurses needed. Furthermore, to generate flexibility within the beds 

also flexibility within the nurses is necessary. During the research different scenarios are 

tested, this performance indicator will show the consequences for the nurse capacity 

needed matching the different scenarios. This will be represented by the number of full-

time employees needed, FTE (Full-time equivalent).  

The nurse capacity is calculated for the three different levels stated before. In Appendix 

I, the FTE calculations are shown. Furthermore, the calculations for the FTE nurses 

needed in 2017 are shown here. The FTE nurses of 2017 can be used to compare the 

current situation with the new scenarios. 

7.4 Verification and validation 
In this paragraph the verification and validation of the simulation model will be 

discussed. 

The goal of the verification is to evaluate if the simulation model is made as intended. The 

intention of the simulation model is to represent the bed occupancy and to analyze 

different scenarios. These intentions are matched since on the one hand the output of the 

simulation is an overview of the bed occupancy and on the other hand the performances 

of the different scenarios can be analyzed with the stated performance indicators. 

The goal of the validation is to prove the simulation model reflects the reality. The 

validation is executed for the four different performance indicators, which were also used 

during the analysis of the current situation. The first performance indicator concerns the 

bed occupancy. The bed occupancy of the total hospital is 79.0% in 2017 while the average 

for the simulation of 5 individual years gave a bed occupancy of 77,5%. A halve percent 

point difference occurs within the regular departments, and one percent point within the 

day care and short stay departments. This is a small distinction from reality. The second 

performance indicator concerns the rejections of patients. In the current situation the 

rejection rate is not really known. There is only known that the Elkerliek experiences 

admission stops. In the simulation the rejection rate is 2% which implies there are also 

admission stops in the simulation. The third performance indicator concerns the placing 

of patients. Based on the LOS of the patients in the current analysis, on average 10% of 

the patients is misplaced. Within this percentage no distinction was made between ‘less 

misplaced’ and ‘misplaced’. The average of the simulation of 5 individual years showed 

that 4,1% of the patients is misplaced and 3,3% of the patients is ‘less misplaced’, which 

is a small distinction from reality. This is probably because when the simulation sees an 

empty bed, the patient is moved directly, while in reality this transfer takes longer. The 

percentage of patients placed correctly the first time is 61% in the simulation, which is 
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76% in the current situation. This difference of 15% is because the patient is directly 

placed at the arrival time in the simulation, while in the current situation the patient 

sometimes waits a bit longer at the ED to be placed correctly the first time. The fourth 

performance indicator concerns the nurse capacity. The results of the current FTE nurses 

can be seen in Appendix I. The output of the fourth performance indicator is independent 

of the simulation.  

When evaluating the performance indicators of the 5 years individually no big distinctions 

can be seen either. For some scenarios only one year of simulation is run because no big 

distinctions can be seen through the years of simulation individually and the simulation 

can be time consuming. There will be stated when only one year of simulation is run. 

When nothing is stated, 5 years of simulation can be assumed. Finally, the simulation is 

validated by visually following a patient during the placement, which is possible with 

VBA. Based on the first three performance indicators and the visual inspection it can be 

concluded the simulation model is validated and that the simulation model can be used to 

evaluate the different scenarios. 

  



35 

 

8 Scenario analysis 
In this chapter the queuing model (step 5) and the scenario analysis (step 6) will be 

described and in the next chapter the ‘what-if’ analysis (step 7) is discussed. In Figure 22 

the aspects of both steps are described more in detail. Paragraph 8.1 discusses the queuing 

model used and furthermore the aspects taken into account for the different scenarios. 

While Paragraph 8.2 till 8.6 discuss the five different scenarios. Most scenarios are 

consecutive which implies that if a scenario is an improvement on the previous scenario, 

this will be the starting point for the new scenario. Each scenario will first be described 

and thereafter there is explained why it matches the research questions. Subsequently 

the number of operational beds throughout the year is stated and finally the results of the 

simulation are represented based on the stated performance indicators. The results shown 

do not take the harmonica beds into account, the use of the harmonica will be discussed 

separately. Finally, in paragraph 8.7 the results of the different scenarios will be 

compared and conclusions will be drawn. 
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Figure 22. Aspects of step 5, step 6 and step 7 

8.1 Queuing model 
In this paragraph the queuing model used to calculate the number of operational beds 

needed is described. Furthermore, the beds and other aspects taken into account for the 

different scenarios are described. 

To calculate the number of operational beds needed the Erlang Loss model is used, which 

is an M/M/c/c queueing model. The Erlang Los model is used since this model can evaluate 

the size of nursing units (de Bruin et al., 2010). The Erlang Loss model assumes Poisson 

distributed arrivals and an independent and identically distributed LOS with expectation 

µ. To confirm these assumptions for the arrivals there is checked if the variance is equal 

to the mean. When dividing the mean by the variance, the ratio should be 1 to confirm a 

Poisson distribution, this ratio is called Poisson ratio from now on. For the LOS the 

coefficient of variation is calculated, the standard deviation divided by the mean, to 

identify if the LOS is highly variable. The Erlang Loss model works with the following 2 

formulas: 

𝑃𝑐 =
(𝜆𝜇)𝑐/𝑐!

∑ (𝜆𝜇)𝑘/𝑘!𝑐
𝑘=0

 𝑂𝑐𝑐𝑢𝑝𝑎𝑛𝑐𝑦 𝑟𝑎𝑡𝑒 =  
(1 − 𝑃𝑐)𝜆𝜇

𝑐
 with: 

Pc  = rejection rate 

λ  = mean number of arrivals 

µ  = average LOS 

c  = maximum number of operational beds 

k  = number of operational beds 
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The Erlang Loss model is applied for each year of data, for the different departments and 

the different clusters. Only for the departments where a specialism with seasonal 

influences is allocated the calculations are done per cluster. Within this calculation the 

cluster with seasonal influences and the remaining clusters are calculated separately. 

When no seasonal influences were detected the calculations are done on a yearly basis. 

The median of the number of operational beds needed for the 5 individual years of 

calculation is ultimately chosen. For the calculation a specialism could only be allocated 

once to a department. The allocation of the specialisms is visible in Table 14. The same 

specialisms are placed at department 1B and 1C, therefore, are these departments 

merged.  

Table 14. Allocation specialisms to departments for scenario analysis 

Regular Department Specialism 

1B1C 

Surgery; Orthopedics; Urology; Dermatology; 

Gynecology; Intensive Care; Dental Surgery; Throat-

Nose-Ear Surgery; Ophthalmology; Plastic Surgery   

3A Cardiology 

3B Lung 

3C Neurology 

3D Geriatrics 

4Alg 
Internal Medicine; Stomach Bowels Liver; 

Rheumatology 
 

To validate the Erlang Loss model, there is looked to the regular departments in total on 

a yearly basis. On average the Elkerliek has 141 operational beds for the regular 

departments. According to the Erlang Loss model this would result in a Pc of 2% and a 

bed occupancy rate of 88%. The simulation gave a Pc of 4.2%, and a bed occupancy rate of 

88%. The simulation probably gives a higher Pc because when placing the patients in the 

simulation a distinction is made between need to be placed in a single room or not. In the 

Erlang Loss model this aspect could not be taken into account. However, the occupancy 

rate does match, therefore, there is decided to continue with the Erlang Loss model. To be 

able to calculate the number of operational beds for the individual departments a Pc of 

10% is used. In this way, the total number of beds needed for the regular departments is 

the same as needed with a Pc of 2% for the total regular departments.  

After calculating the number of operational beds with the Erlang Loss model, three other 

aspects are taken into account. The aspects taken into account are as follows: possible 

physically, seasonal influences, nurse capacity.  In the first aspect, possible physically, 

there is taken into account that the allocation of the beds would currently be possible 

physically in the Elkerliek, with sometimes small adjustments. In the second aspects, 

seasonal influences, if the seasonal influences calculated with the Erlang Loss model are 

also taken into account in the allocation. In the final aspect, nurse capacity, the FTE 

nurses needed is taken into account. For example, a department consisting of 17 beds 

needs the same FTE nurses as a department of 18 beds according to the nurse-patient 

ratio. For each scenario is stated which aspects are taken into account. 

In Figure 23 an overview of the beds taken into account for the different scenarios is 

shown. As can be seen, the day care departments are only taken into account in scenario 

5. In scenario 5, the day care departments are not simulated, only historical data is used 

in this scenario. This, because the day care departments could not be used by the Erlang 

Loss model since the assumptions of Poisson arrival are not met.  
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Figure 23. Overview beds taken into account per scenario (* of which 12 harmonica beds) 

For each scenario, the number of operational beds needed is calculated with the Erlang 

Loss model. Thereafter, there is looked if the number of beds needed at most is less than 

the physical bed capacity. When this is the case, the remaining beds will be used as 

harmonica beds in the simulation.  

8.2 Scenario 1 – Regular departments: changing capacity throughout 

the year 
In the first scenario the number of operational beds throughout the year is changed for 

the regular departments. The goal of this scenario is to match the number of operational 

beds throughout the year at the different departments according to the seasonal 

influences determined during the regression analysis. This also answers the first research 

question: “How should the beds be allocated throughout the year to match the number of 

operational beds with the patient flow?” In this scenario only the seasonal influence aspect 

is taken into account. First, the assumptions and the number of operational beds needed 

are described and subsequently the results of the simulation are shown. 

The Poisson ratio differed from 0.94 to 1.54 and the coefficient of variation differed from 

0.73 to 1.19 for the different groups. For the Poisson ratio 10 of the 14 groups were close 

to 1 (<0.2 difference). The assumptions of the Erlang Loss model are therefore met, and 

the model can be used. The results of the Erlang Loss model are visible in Table 15. 

Analyzing the results of the allocation shows that it matches the seasonal influences 

determined during the regression analysis for all departments except for department 3D, 

where no deviation could be seen during the summer. This is probably because of the on 

average long LOS, which influences the Erlang Loss formula. 

Table 15. Allocation operational beds - Scenario 1 

 Cl 1 Cl 2 Cl 3 Cl 4 Cl 5 Average 

1B1C 44 47 43 43 43 44 

3A 18 18 18 17 18 18 

3B 26 26 19 14 17 20 

3C 15 15 15 15 15 15 

3D 16 16 16 16 16 16 

4Alg 31 29 29 29 29 29 

Total 150 151 140 134 138 141 
 

Table 16. Number of rooms - Scenario 1 

 # 4p #2p #1p Total 

1B1C 6,75 6 8 47 

3A 1,75 4 3 18 

3B 3,25 5 3 26 

3C 2,25 2 2 15 

3D 0 6 4 16 

4Alg 4 5 8 34 

Total 18 28 28 156 
 

 

 Table 15 and Table 16 give an overview of the input of the number of operational beds 

and number of rooms for the simulation. Adding the maximum number of beds needed for 
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each department gives a total of 153 beds. Since in the simulation a bed can only be a 

fixed or harmonica bed, only three harmonica beds remain. In reality it would be possible 

to create at least 5 to 22 harmonica beds throughout the year. 

In Table 17 the results of the simulation for the different KPI’s are shown. Scenario 1 

scores better on all stated performance indicators compared to the current situation. The 

goal of scenario 1 is to balance the occupancy rates throughout the year. When exploring 

the results into more detail there is seen that the bed occupancy rates throughout the year 

are more balanced in scenario 1. Furthermore, the use of the harmonica beds is decreased 

to an average of 0.55 bed occupied compared to 2.1 beds occupied in the current situation. 

This indicates that the harmonica beds on average are not necessary. Besides the rejection 

rates throughout the year are also more balanced. Therefore, it is decided that scenario 1 

is an improvement on the current situation. 

Table 17. Results simulation - Scenario 1 – Regular departments 

 KPI I, bed 

occupancy 

(excl. 

harmonica) 

(%) 

KPI II, 

rejection 

rate (excl. 

harmonica) 

(%) 

KPI III, 

Placement 

(placed 

correctly) 

(%) 

KPI III, 

Placement 

(‘first time 

right’) (%) 

KPI IV, 

Nurse 

capacity 

(FTE) 

Current Situation 88.3 4.6 92.7 61.0 110.5 

Scenario 1 88.0 4.1 93.9 65.0 110.1 

Difference -0.3 -0.5 +1.2 +4.0 -0.4 
 

8.3 Scenario 2 – Regular departments: including flexible beds 
In the second scenario, flexible beds are added to the regular departments. Nurses 

allocated to the flexible beds need to be trained to treat multiple specialisms, in this way 

a patient of multiple specialisms cannot be ‘less misplaced’ or misplaced at a flexible bed. 

The second scenario answers the second research question: “How can the beds of the 

regular departments be used in a flexible way to reduce the misplacement of patients?” 

Bekker et al. (2016) stated that full flexibility is usually not desirable for a hospital with 

multiple medical disciplines. A little flexibility generally is enough to handle the peak 

demands. Therefore, the earmarking policy seemed an appropriate method for the second 

scenario to re-allocate beds in a ward to provide enough flexibility to handle peak 

demands. First the earmarking policy and the goal of the second scenario is explained in 

more detail and thereafter the number of operational beds are described, finally the 

results of the simulation are shown. 

The earmarking policy states that full flexibility is not desirable for multiple medical 

disciplines. Normally, the goal of the earmarking policy is to reduce the rejection rate. 

However, in this case that is not possible, since a patient will be admitted at any of the 

departments because of the scarcity model the regular departments work with. Therefore 

are the goals of scenario 2 to centralize the otherwise misplaced patients and to generate 

flexibility. This implies that each department has a certain number of fixed beds and one 

department with flex beds will be created. There is a distinction between surgical and 

diagnostic specialisms. Since all surgical patient types are already centered on 

department 1B1C the flex department is only created for the diagnostic specialisms. A 

surgical patient is therefore still misplaced on the flex department. The flex department 

will therefore reduce the ‘less-misplacement’ of patients and nurses only need to be 

trained for diagnostic specialisms.  



39 

 

The operational beds of scenario 1 are used as starting position for scenario 2. The 

simulation model is used to determine the number of flex beds needed. For this 

determination only one year of simulation is ran. The starting position of the simulation 

are the beds of scenario 1 and a flex department consisting of 60 single rooms with flex 

beds. During the simulation 34 flex beds are used and the rejection rate and misplacement 

of patients are reduced to 0%. However, it is not possible to create an additional 

department with 34 flexible beds. Therefore there is looked at the occupancy rates of the 

beds individually to conclude how many beds each department need to reduce to create 

the flex department. A distinction is made in which departments need to reduce beds. 

Department 1B1C does not need to reduce any beds because the flex department is made 

for diagnostic patient groups. Furthermore, department 3A and 3D do not need to reduce 

beds. Department 3A has telemetry devices, which enough need to be available of and 

department 3D is for geriatric patients, which have a custom made department with other 

facilities. Therefore, department 3B, 3C and 4Alg remain to reduce beds for the flex 

department. Bed occupancy rates below 60% are determined as beds needed to be reduced. 

In total department 3B, 3C and 4Alg need to reduce 4, 6 and 2 beds, respectively which 

will be used for the flexible department. 

When determining the number of flex beds needed the other three aspects are also taken 

into account: possible physically, seasonal influences and nurse capacity. The second 

aspect, seasonal influences can be captured with the flex department as well, in order to 

prevent closing beds on each department and adjusting the nurse schedule for each 

department. Taking these three aspects into account resulted in two different overviews 

of the number of operational beds needed. In the first overview, possible physically is 

given priority over the seasonal influences and nurse capacity. The number of beds needed 

for the first overview and the results of one year of simulation are visible in Appendix J. 

In the second overview, the seasonal influences and nurse capacity are given priority over 

possible physically, these results are visible in Table 18. In Table 19 an overview is seen 

of the number of rooms needed. The division is as follows, floor 1 consists of 1B 1C, floor 

3 consists of 3A, 4Alg, 3C and 3D and floor 4 consists of 3B and Flex. To make the 

overviews of Table 18 and Table 19 possible physically, a single room of 3A needs to be 

moved to 4Alg. Furthermore, a 2 person room of 4Alg and a 2 person room of the flex 

department needs to be divided into two single rooms. In total 4 additional single rooms 

are created, in Appendix K an overview is given of the number of single rooms needed 

based on the Erlang Loss model. When adding the maximum amount of beds needed at 

each department, 4 harmonica beds remain on department 3A.  

Table 18. Allocation operational beds - Scenario 2 

 Cl 1 Cl 2 Cl 3 Cl 4 Cl 5 Average 

1B1C 44 44 43 43 43 43 

3A 18 18 18 18 18 18 

3B 16 16 10 10 10 12 

3C 10 10 10 10 10 10 

3D 16 16 16 16 16 16 

4Alg 28 28 28 28 28 28 

Flex 18 20 16 10 13 15 

Total 150 152 141 135 138 142 
 

Table 19. Number of rooms - Scenario 2 

 # 4p #2p #1p Total 

1B1C 6 6 8 44 

3A 2 4 2 18 

4Alg 4 3 6 28 

3C 1 2 2 10 

3D 0 6 4 16 

3B 2 3 2 16 

Flex 2 2 8 20 

Total 18 26 32 156 
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The overviews represented in Table 18 and Table 19 are the input for the simulation. In 

Table 20 the results of the simulation are shown. Scenario 2 is compared with scenario 1 

to determine if there are improvements. Scenario 2 scores better on all stated performance 

indicators, especially in reducing the misplacement of patients. The improvement for the 

first two performance indicators is because of creating the additional single rooms. The 

goal of scenario 2 is to decrease the misplacement of patients, this goal is succeeded and 

therefore it is decided to continue with scenario 2.  

Table 20. Results simulation - Scenario 2 – Regular departments 

 KPI I, bed 

occupancy 

(excl. 

harmonica) 

(%) 

KPI II, 

rejection rate 

(excl. 

harmonica) 

(%) 

KPI III, 

Placement 

(placed 

correctly) 

(%) 

KPI III, 

Placement 

(‘first time 

right’) (%) 

KPI IV, 

Nurse 

capacity 

(FTE) 

Scenario 1 88.0 4.1 93.9 65.0 110.1 

Scenario 2 87.6 3.8 95.9 70.7 109.6 

Difference -0.4 -0.3 +2.0 +5.7 -0.5 
 

8.4 Scenario 3 – Separate departments for acute and elective 

patients 
The third and fourth scenario are scenarios that are consecutive to scenario 2. Both 

scenarios need to be compared to see if and if so which one gives better results. In this 

paragraph scenario 3 is described and in the upcoming paragraph scenario 4 will be 

described. First the scenario will be explained, subsequently the consequences for the 

operational beds will be described and calculated and finally the results of the simulation 

are discussed. 

Scenario 3 separates the acute and elective patients to different departments. In this 

scenario department 2D becomes the elective department and the regular departments 

will consist of only acute patients. It is interesting to analyze the effect of this separation 

on the different performance indicators. By applying the same Pc the bed occupancy rates 

throughout departments can also be more balanced than currently is the case. 

This new scenario has several consequences. Firstly, department 2D needs to be open the 

whole week to be able to treat the patients with a longer LOS. Furthermore, it has 

consequences for the arrivals on the days during the week. During the creation of the final 

list the arrival rate for department 2D is daily based and the linking with the LOS as 

well, to make sure no patients would be in the hospital anymore on Saturday afternoon. 

However, this is not necessary anymore within this scenario. The final list therefore needs 

to be adjusted for the original short stay patients. The patients can arrive according to a 

normal distribution with a mean and standard deviation based on the averages 

throughout the week. Furthermore, the LOS can randomly be linked. Besides, no patients 

will flow through from department 2D to the regular departments anymore, since they 

can stay at their own department now. Finally, still no patients can be misplaced within 

department 2D. During the creation of the random list, specialisms were randomly 

selected for department 2D since for the current situation it would not make a difference. 

However, for now it is important for the acute patients, therefore the specialisms are 

analyzed and compared to the specialisms of the original data. No strange deviations are 

seen, therefore it is concluded to continue with the created list. With this scenario the 

third research question can be answered: “What is the effect of balancing the admissions 
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throughout the week on the bed occupancy rates throughout the week?” Furthermore, it 

also partly answers the fourth research question: “What is the effect of merging or 

changing departments on the number of operational beds needed?”  

The Poisson ratio differed from 0.9 to 1.14 and the coefficient of variation differed from 

0.75 to 1.22 for the different groups in the regular departments. The assumptions of the 

Erlang Loss model are therefore met for the regular departments. However, for the 

elective department (2D), the Poisson ratio is 3.62 in the reduction weeks, 3.98 in the non-

reduction weeks and 1.79 in the summer weeks. This is probably because of the strong 

deviation in the number of arrivals during the week and in the weekend. When there is 

only looked at the weekdays a ratio of 2.20 for the reduction weeks, 1.74 for the non-

reduction weeks and 1.11 for the summer weeks is seen. Although this is still not close to 

1, for the calculation the average arrivals are based on the number of arrivals during the 

week. The coefficient of variation differed from 1.23 to 1.43, which is highly variable. For 

the regular departments the same clusters are used for the calculation, while for 

department 2D only a distinction is made between the reduction weeks, the no reduction 

weeks and the summer holiday. The results of the Erlang Loss model are visible in Table 

21.  

Table 21. Allocation operational beds - Scenario 3 part 1 

 Cl 1 Cl 2 Cl 3 Cl 4 Cl 5 Average 

1B1C 31 33 30 30 30 31 

3A 18 18 18 16 18 18 

3B 25 25 15 13 15 18 

3C 13 13 13 13 13 13 

3D 13 13 13 13 13 13 

4Alg 27 26 26 26 26 26 

Total 127 128 115 111 115 118 
       

 NRW RW S Average 

2D 55 49 40 53 
 

When analyzing the number of beds needed, there is also looked how many beds 

department 2D would need when the operations would take place 7 days a week. This 

would result in 45, 41 and 34 beds for the no reduction weeks (NRW), the reduction weeks 

(RW) and the summer holiday (S), respectively. 

Scenario 2 showed that working with flex beds is ideal, therefore the simulation is run for 

one year to determine the number of flex beds for the regular departments. Furthermore, 

the aspects seasonal influences and nurse planning are taken into account. The physical 

aspect is not taken into account, because this scenario would currently not be possible 

physically. This because the scenario crosses the boundary of the physically available bed 

capacity of 179 beds with 4 beds. An overview of the number of operational beds needed 

is visible in Table 22, the deviation of the rooms is visible in Table 23.  
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Table 22. Allocation operational beds – Scenario 3 part 2 

 Cl 1 Cl 2 Cl 3 Cl 4 Cl 5 Average 

1B1C 32 33 30 30 30 31 

3A 18 18 18 16 18 18 

3B 20 20 10 10 10 13 

3C 8 8 8 8 8 8 

3D 13 13 13 13 13 13 

4Alg 24 24 24 24 24 24 

Flex 13 12 12 10 12 12 

Total 128 128 115 111 115 118 
       

 

Table 23. Number of rooms - Scenario 3 

 # 4p #2p #1p Total 

1B1C 3 7 7 33 

3A 2 4 2 18 

4Alg 3 4 4 24 

3C 1 1 2 8 

3D 0 5 3 13 

3B 3 3 2 20 

Flex 1 2 5 13 

Total 14 27 26 129 
 

 NRW RW S Average 

2D 55 49 28 51 
 

2D 8 8 7 55 
 

 

The number of operational beds visible in Table 22 and the number of rooms in Table 23 

are used as input for the simulation. The simulation is only run for 1 year of data, because 

the scenario exceeds the boundary of the available bed capacity. In Table 24 the results of 

the simulation are shown. The bed occupancy slightly increased. However, the bed 

occupancy rates between the regular departments (acute) and 2D (elective) are more 

balanced, 84% for the regular departments and 86.1% for the elective department. 

Compared to 88.2% for the regular department versus 61.2% for the short stay 

department in the previous scenarios. Because of the additional need of FTE, and crossing 

the physical bed capacity boundary there is concluded that scenario is not an improvement 

on scenario 2.  

Table 24. Results simulation - Scenario 3 (1 year) - Regular & Short Stay Departments 

 KPI I, bed 

occupancy 

(excl. 

harmonica) 

(%) 

KPI II, 

rejection rate 

(excl. 

harmonica) 

(%) 

KPI III, 

Placement 

(placed 

correctly) 

(%) 

KPI III, 

Placement 

(‘first time 

right’) (%) 

KPI IV, 

Nurse 

capacity 

(FTE) 

Scenario 2 84.5 3.6 95.5 67.2 122.4 

Scenario 3 84.6 1.9 92.7 80.7 133.6 

Difference +0.1 -1.7 -2.8 +13.5 +11.2 
 

8.5 Scenario 4 – Combining acute and elective patients 
In this paragraph scenario 4 is discussed. As already explained in the previous paragraph 

is this another possible scenario consecutive to scenario 2. Within this scenario the acute 

and elective patients are all merged into one department, which implies combining 

department 2D with the regular departments. This scenario is interesting to investigate 

to analyze the effect on the bed occupancy rate and the rejection rate when creating one 

large department. This scenario also answers research question 3 and research question 

4 partly. Furthermore, this scenario has the same effect on the opening hours of 

department 2D. First the assumptions and the number of operational beds are described 

and thereafter the results of the simulation. 

For the calculation of the number of operational beds needed the same final list, created 

during scenario 3, is used as input. This time, all patients’ types are allocated to 

departments. For the calculation again the Erlang Loss model is used. The Poisson ratio 

differed from 0.92 to 1.54 for departments 3A, 3B, 3C, 3D, 4Alg and the summer weeks 

for department 1B 1C. 14 of 27 groups are close to 1 (<0.2 difference). For the different 
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groups within department 1B1C the Poisson ratio differed from 3.64 to 4.79, probably 

because the largest group elective patients are placed here, where almost no arrivals occur 

in the weekend. Therefore, for these groups the Poisson ratio is calculated again for the 

weekdays. This resulted in 1.39 till 2.51. Although the ratios are still relatively high there 

is decided to calculate the number of operational beds for department 1B1C based on the 

arrivals during the weekdays except during the summer holiday. The coefficient of 

variation differed from 0.74 to 1.42, which is highly variable. For this scenario two 

different calculations are made, one based on the determined clusters and one on the 

reduction week versus the no reduction weeks. The results of these calculations are visible 

in Table 25. 

Table 25. Allocation operational beds – Scenario 4 part 1 

 Cl 1 Cl 2 Cl 3 Cl 4 Cl 5 RW Average 

1B1C2D 67 70 65 43 65 -6 63 

3A 19 19 19 17 19 0 19 

3B 27 27 18 15 17 0 20 

3C 16 16 16 15 16 -1 16 

3D 16 16 16 16 16 0 16 

4Alg 31 29 29 29 29 0 29 

Total 176 177 163 135 162 -7 162 
 

Scenario 2 showed that working with flex beds is ideal, therefore the simulation is run for 

one year to determine the number of flex beds needed for the diagnostic specialisms. 

Furthermore, the three different aspects: possible physical, seasonal influences, and 

nurse capacity are taken into account. Physically, department 1B1C and 2D could stay at 

the floors they are. It would also be possible to move the day department to floor 1 and 

department 1B1C to floor 2. Furthermore only 2 small physical aspects need to be 

changed, one 2 person room need to be changed to 2 single rooms on department 4Alg and 

one 2 person room on the Flex department. In Table 26 and Table 27 an overview of the 

number of operational beds, including the flex department and the number of rooms are 

visible. Comparing the bed capacity with the number of beds needed at most 2 harmonica 

beds remain, 1 for department 4Alg and 1 for the flex department. 

Table 26. Allocation operational beds - Scenario 4 part 2 

 Cl 1 Cl 2 Cl 3 Cl 4 Cl 5 RW Average 

1B1C2D 67 67 65 43 65 -6 62 
3A 19 19 19 18 19 0 19 
3B 20 20 12 12 12 0 14 
3C 12 12 12 12 12 -1 12 
3D 16 16 16 16 16 0 16 
4Alg 28 28 28 28 28 0 28 
Flex 14 15 12 8 10 0 11 

Total 176 177 164 137 162 -7 163 
 

Table 27. Number of rooms - Scenario 4 

 # 4p #2p #1p Total 

1B 1C 2D 9 10 11 67 

3A 2 4 3 19 

4Alg 5 2 5 29 

3C 2 1 2 12 

3D 0 6 4 16 

3B 3 3 2 20 

Flex 1 2 8 16 

Total 21 30 35 179 
 

 

The number of operational beds and the number of rooms visible in Table 26 and Table 

27 are the input for the simulation. In Table 28 the results of the simulation are shown. 

Furthermore, the average use of harmonica beds decreased to 0.21 bed. Because of the 

improvements in the first three performance indicators there is decided that scenario 4 is 

an improvement on scenario 2. 
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Table 28. Results simulation - Scenario 4 - Regular & Short Stay departments 

 KPI I, bed 

occupancy 

(excl. 

harmonica) 

(%) 

KPI II, 

rejection 

rate (excl. 

harmonica) 

(%) 

KPI III, 

Placement 

(placed 

correctly) 

(%) 

KPI III, 

Placement 

(‘first time 

right’) (%) 

KPI IV, 

Nurse 

capacity 

(FTE) 

Scenario 2 85.0 3.9 95.9 70.7 122.4 

Scenario 4 82.6 1.7 97.4 82.5 125.3 

Difference -2.4 -2.2 +1.5 +11.8 +2.9 
 

In this scenario, the admissions of the short stay department are balanced. In the results 

of the simulation the bed occupancy throughout the week is compared with the current 

situation. In the current situation the bed occupancy rates differ from 48% on Monday to 

74% on Wednesday and again 32% on Saturday for the short stay department. For 

department 1B 1C these strong differences throughout the week are not seen in the 

current situation. When analyzing the fourth scenario, where the short stay department 

is merged with the regular departments still differences in bed occupancy throughout the 

week can be seen. Department 1B 1C is analyzed because here most short stay patients 

are placed. However, the occupancy rates go from 72% on Monday to 89% on Friday and 

67% on Sunday. There is still a pattern throughout the week, however it is less extreme. 

Besides, when comparing the number of admissions and discharges throughout the week 

there is seen that the admissions throughout the week are more equal and there is still a 

drop during the weekend. However, only minimal effects on the pattern of the number of 

discharges can be seen.  

8.6 Scenario 5 – Admission ‘without’ bed 
In this paragraph the final scenario, scenario 5 is discussed. Scenario 5 considers a whole 

new scenario, namely admission ‘without’ bed. First the scenario will be explained in more 

detail, subsequently the changes in the simulation are discussed, then the number of 

operational beds are analyzed and the results of the simulation are represented. Finally, 

there is looked if admission ‘without’ bed can take place at the day care departments based 

on historical data. 

Admission ‘without’ bed is for elective patients which have an operation on the first day 

of their admission. For this specific group the process currently is as follows: a patient is 

admitted to a department, the patient gets an intake for the surgery and is then 

transported to the surgery, after the surgery the patient is transported back to the 

department. Within this process the patient normally arrives early in the morning, stays 

for a short period of time at the department, and comes back at the department a few 

hours later. At the time the elective patient arrives at the department, no patients are 

discharged yet, which gives a high bed occupancy in the morning. Within this scenario the 

patient will only arrive at the department after surgery. The scenario will provide an 

insight into the effect of this change by the performance indicators. Furthermore, the 

simulation shows for how many patients and for how long patients need to be admitted at 

another department, before being transported to the surgery room. 

In the simulation a few changes are made to make this scenario possible. Firstly, the 

admission time to the start of surgery is tracked. Secondly, the ending time of the surgery 

is used as starting time of the admission. When a patient arrives, the simulation looks up 
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front, to see if there is a bed available when the patient comes back from surgery, before 

placing the patient. Therefore it is not possible that no bed is available when a patient 

comes back from surgery. The patient would then already be rejected before the surgery.  

After analyzing scenario 3 and scenario 4, there is decided to continue with scenario 4. 

This is therefore the input for this scenario. However, the average LOS is a bit shorter in 

this new scenario, therefore the Erlang Loss model is again used to see if fewer beds are 

necessary, the coefficient of variation differed from 0.73 to 1.44, which is highly variable. 

After calculating the number of operational beds there is concluded that fewer beds are 

necessary for department 1B1C2D. The new input for the simulation and the number of 

rooms are visible in Table 29 and Table 30. Adding the maximum number of beds needed 

for each department results in 5 harmonica beds remaining compared to the bed capacity. 

Table 29. Allocation operational beds - Scenario 5 

 Cl 1 Cl 2 Cl 3 Cl 4 Cl 5 RW Average 

1B1C2D 64 65 63 43 63 -5 60 

3A 19 19 19 18 19 0 19 

3B 20 20 12 12 12 0 14 

3C 12 12 12 12 12 -1 12 

3D 16 16 16 16 16 0 16 

4Alg 28 28 28 28 28 0 28 

Flex 14 12 12 8 10 0 11 

Total 173 172 162 137 160 -6 160 
 

Table 30. Number of rooms - Scenario 5 

 # 4p #2p #1p Total 

1B1C2D 9 10 11 67 

3A 2 4 3 19 

4Alg 4 4 5 29 

3C 2 1 2 12 

3D 0 6 4 16 

3B 3 3 2 20 

Flex 1 2 8 16 

Total 21 30 35 179 
 

 

In Table 31 the results of the simulation of scenario 5 are shown. Also the differences with 

scenario 4 and the current situation are represented. Furthermore, the average number 

of operational beds needed throughout the year decreases for the short stay and regular 

department combined to 160 instead of the 163 in scenario 4, and the current 161 beds. 

Besides, the use of harmonica beds is 0.27, which indicates that the harmonica beds are 

not necessary. 

Table 31. Results simulation - Scenario 5 - Regular & Short Stay Departments 

 KPI I, bed 

occupancy 

(excl. 

harmonica) 

(%) 

KPI II, 

rejection 

rate (excl. 

harmonica) 

(%) 

KPI III, 

Placement 

(placed 

correctly) 

(%) 

KPI III, 

Placemen

t (‘first 

time 

right’) (%) 

KPI IV, 

Nurse 

capacity 

(FTE) 

Current Situation 85.7 4.6 92.7 61.0 123.3 

Scenario 4 82.6 1.7 97.4 82.5 125.3 

Scenario 5 80.8 0.4 97.8 86.9 123.3 

Difference ( 4 – 5) -1.8 -1.3 +0.4 +4.4 -2.0 

Difference (current – 5) -3.1 -4.2 +5.1 +25.9 0.0 
 

Scenario 5 scores better on all four performance indicators compared to scenario 4. 

However, there needs to be analyzed if the admission ‘without’ bed would be possible on 

the day care departments. Therefore there is looked at two different aspects, the number 

of admissions per hour of the day and the bed occupancy compared to the capacity. In 

Figure 24 and Figure 25 an overview of the bed occupancy is seen when combining the 

current admissions and the additional admissions without a bed. In Appendix L the 

figures for the current bed occupancy and additional bed occupancy are shown separately. 

Furthermore, the number of arrivals on each hour of the day is shown here. 
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Figure 24. Bed occupancy per hour of the day - Day Care departments - No Reduction Week 

 

Figure 25. Bed occupancy per hour of the day - Day Care departments - Reduction Week 

As can be seen in Figure 24 and Figure 25 can the admissions ‘without’ bed be placed at 

the day care departments before surgery. Therefore, it is concluded that scenario 5 is an 

improvement on scenario 4. The only thing that has to be taken into account, the day care 

departments currently open at 7:00 AM while the first admissions ‘without’ bed arrive at 

6:00 AM. For the hospital this scenario might also be interesting when not merging the 

short stay department with the regular department, therefore the simulation is also run 

for 1 year for scenario 2. The results are visible in Appendix M. 

8.7 Conclusion scenario analysis 
In this paragraph conclusions will be drawn from the scenario analysis executed. First 

another insight is given, subsequently the different scenarios will be compared and finally 

the best scenario is chosen and will be the input for the ‘what-if’ analysis.  

When reading the chosen scenarios there can be seen that the daycare departments are 

not simulated in the different scenarios. The daycare departments are only shown as an 

option for the admission ‘without’ bed scenario. However, it could also be interesting to 

combine the day care and short stay department. Therefore, in Appendix N an additional 

analysis is done based on historical data. Historical data is used instead of the simulation 

since the Erlang Loss model could not be applied to determine the number of operational 

beds needed for the day care departments. This, because the arrivals at the day care 

departments are not Poisson distributed.  

In Figure 26 till Figure 29 overviews of the different performance indicators are shown 

for the five different scenarios and the current situation. Only the results of the 

simulations that run 5 times are shown, except for scenario 3. Appendix O gives insight 

into the number of additional beds blocked to create a single room. This shows that in 

each consecutive scenario, except scenario 3 which is left out, the number of additional 

beds blocks is reduced as well.  
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Figure 26. KPI I: Bed Occupancy 

 

Figure 27. KPI II: Rejection Rate 

 

Figure 28. KPI III: Placement 

 

Figure 29. KPI IV: Nurse Capacity 
 

Analyzing the different performance indicators shows that scenario 5 scores the best on 

almost all performance indicators, except for the nurse capacity. For this performance 

indicator scenario 2 scores best. However, the FTE nurses needed in scenario 5 is the 

same as in the current situation. Therefore there is decided that scenario 5 would be the 

best option to optimize the use of the number of operational beds. In scenario 5, seasonal 

influences, physical capacity and nurse capacity are taken into account. Furthermore, the 

short stay department is merged with the regular departments and a flex department is 

added to reduce the misplacement of patients. Finally, elective patients which have a 

surgery on the first day of admission are admitted at the day care departments and after 

surgery placed at the allocated department.  
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9 ‘What-if’ Analysis 
In this chapter the ‘what-if’ analysis (step 7) is described. The steps in detail are already 

shown in Figure 22. Chapter 8 concluded that scenario 5 is the best scenario considering 

the different performance indicators stated. Therefore in this chapter there will be 

analyzed if this scenario is robust to changes. This analysis answers the fifth research 

question: “How robust is the proposed reallocation of the number of operational beds 

taking into account focus 2020?” In Paragraphs 9.1 and 9.2 the different ‘what-if’ options 

are described and there is explained why these options are chosen. After that, the 

simulation is executed and the results are represented based on the stated performance 

indicators.  

9.1 Option 1 – Changing the patient arrival per specialism 
Option 1 of the ‘what-if’ analysis focuses on increasing and decreasing the number of 

arrivals for the different specialisms. In focus 2020, the policy plan of the Elkerliek, the 

expected patient growth is shown based on the different specialisms (van Beers & van de 

Walle, 2016). The policy plan shows the number of patients per specialism for 2013, 2015, 

2020 and 2025. For most specialisms an increase is shown. For the ‘what-if’ option the 

ratio between 2025/2015 is used, since 2015 is closest to the data of 2017. The percentages 

are visible in Table 32. 

Table 32. Percentages increase or decrease for 2025 per specialism 

Specialism Ratio 2025/2015  

ANE – Anesthesiology  134.9%  

CAR – Cardiology 127.9%  

CHI – Surgery 103.1%  

DER – Dermatology 107.9%  

GER – Geriatrics 167.2%  

GYN – Gynecology 100.3%  

ICA – Intensive Care -  

INT – Internal Medicine 115.0%  

KAA – Dental Surgery 123.1%  

KNO – Throat-Nose-Ear Surgery 98.8%  

LON – Lung 133.2%  

MDL – Stomach bowels liver 113.1%  

NEU – Neurology 107.8%  

OOG – Ophthalmology 131.8%  

ORT – Orthopedics 112.3%  

PLA – Plastic Surgery 119.2%  

REU – Rheumatology 113.5%  

URO – Urology 112.8%  
 

When creating the final list it is possible for the regular departments to multiply the 

arrival rate of the acute patients with a factor. For the creation of the final list of this 

‘what-if’ option the factors are based on the seasonal influences already determined and 

the ratio described in Table 32. The arrival of the elective patients cannot be increased in 

creating the final list. Since this is only 30% of the arrivals it is neglected for now. For the 

original patients of the short stay department it is possible for the elective patients to 
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multiply with a factor. However, this can only be done for the arrivals in total instead of 

for each specialism. Therefore, the average of focus 2020, 114.5%, is used. For the acute 

patients of the short stay department it is not possible to multiply the arrival rate with a 

factor. Since this is only 3% of the arrivals this is neglected for now. The created final list 

is the input for the simulation model with the number of operational beds needed in 

scenario 5. In Table 33 the results of the simulation are shown compared to the results of 

scenario 5. 

Table 33. Results simulation - 'What-if' option 1 – adjustinging the arrival rate 

 KPI I, bed 

occupancy 

(excl. 

harmonica) 

(%) 

KPI II, 

rejection rate 

(excl. 

harmonica) 

(%) 

KPI III, 

Placement 

(placed 

correctly) 

(%) 

KPI III, 

Placement 

(‘first time 

right’) (%) 

KPI IV, 

Nurse 

capacity 

(FTE) 

Scenario 5 80.8 0.4 97.8 86.9 123.3 

What-if 1 85.7 2.3 93.8 79.1 123.3 

Difference +4.9 +1.9 -4 -7.8 0 
 

The results show that all performance indicators perform worse, except the fourth KPI 

which is kept the same. This indicates that when significant changes occur in the patient 

arrivals, the number of operational beds needs to be calculated again with the Erlang Loss 

model. The proposed allocation is therefore not robust for multiple changes in the patient 

arrivals. 

9.2 Option 2 – Reduced LOS 
The second ‘what-if’ option looks at reducing the LOS of all patients. Another goal of the 

Elkerliek is to have the same LOS for their patients compared to the benchmark. 

Currently, the LOS of the patients is a bit higher than the benchmark. Therefore, this 

‘what-if’ option reduces the LOS of all patients 5%, to see the effect on the stated 

performance indicators. In creating the final list, the LOS is multiplied by a factor of 0.95 

instead of 1. The created final list is the input for the simulation model with the number 

of operational beds needed in scenario 5. In Table 34 the results of the simulation are 

shown, compared to the results of scenario 5. 

Table 34. Results simulation - 'What-if' option 2 - adjusting the LOS 

 KPI I, bed 

occupancy 

(excl. 

harmonica) 

(%) 

KPI II, 

rejection 

rate (excl. 

harmonica) 

(%) 

KPI III, 

Placement 

(placed 

correctly) 

(%) 

KPI III, 

Placement 

(‘first time 

right’) (%) 

KPI IV, 

Nurse 

capacity 

(FTE) 

Scenario 5 80.8 0.4 97.8 86.9 123.3 

What-if 2 74.8 0.1 98.5 91.0 123.3 

Difference -6.0 -0.3 +0.7 +4.1 0 
 

The results show all performance indicators perform better, except the fourth KPI which 

is kept the same. However, the bed occupancy rate is rather low, which indicates less 

number of operational beds would be necessary. This indicates that when significant 

changes occur in the LOS of patients, the number of operational beds needs to be 

calculated again with the Erlang Loss model. The proposed allocation is therefore not 

robust for multiple changes in the LOS of patients. 
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10 Probabilistic analysis IC/MC & BCU 
In this chapter the separate step probabilistic analysis IC/MC & BCU is discussed. The 

final research question investigates the rejection rate of the availability departments 

when reducing the number of operational beds. Furthermore, there is calculated based on 

historical data the number of arrivals per day and the increase in beds occupied per 

department. In Paragraph 10.1 the data used for the calculation is described and the 

method is explained more in details. Paragraph 10.2 will give the results for the 

probabilistic analysis and the historical analysis. 

10.1 Data and method description 
The data and method of the calculation of the rejection rate will be described first. 

Thereafter, the data and method of the other calculations are explained. 

In chapter 6 the data is already described. For the probabilistic analysis the same data is 

used since within the data the IC and BCU are also taken into account. During the 

scenario analysis the Erlang Loss model is used to calculate the number of operational 

beds throughout the year. The same method will be used for the probabilistic analysis. 

The Erlang Loss model works with the average arrivals and average LOS, which are first 

calculated for the IC and the BCU. For the IC the average arrival is 1.98 per day and the 

average LOS is 2.29 days, while for the BCU the average arrival is 1.95 per day and the 

average LOS is 1.82 days. The variation divided by the mean gives an indication if the 

arrivals are Poisson distributed. A ratio of 1 indicates Poisson distributed arrivals. For 

the IC this rate is 1.00 and for the BCU 0.87. As can be seen the ratio of the IC is exactly 

1 and the BCU is close to 1. Furthermore there has to be confirmed if the LOS is 

independent and identically distributed with expectation µ. This is done by calculating 

the coefficient of variation which is the standard deviation divided by the mean. For the 

IC the coefficient of variation is 1.61 and the variation of the BCU is 0.92. This implicates 

that the LOS is highly variable, therefore it is confirmed that the Erlang Loss model is an 

appropriate method to calculate the rejection rate for both availability departments. 

For the calculations of the number of arrivals per day the same data is used as just 

described. For the calculation of the increase in beds occupied the data ‘warm bed minutes’ 

is used. In this data, the minutes of occupied beds each day is represented. This is rounded 

to the number of total beds occupied. With this information, the difference in beds 

occupied between t + 1 and t is calculated, where t represents one day.  

10.2 IC/MC and BCU 
First the results of the probabilistic analysis are shown, and subsequently the results of 

the historical data analysis are shown. The IC/MC consists of 12 beds while the BCU only 

consists of 6 beds. Based on the average arrival rate and LOS the occupancy rate and 

rejection rate are calculated for the number of beds, changing from 1 to 12 and from 1 to 

6, respectively. The results are visible in Table 35.  

Table 35. Results probabilistic analysis 

 IC/MC BCU 

Number 

of beds 

Occupancy 

Rate 

Rejection 

Rate 

Occupancy 

Rate 

Rejection 

Rate 

1 81.93% 81.93% 78.01% 78.01% 

2 79.34% 65.00% 74.42% 58.06% 

3 76.24% 49.56% 70.13% 40.72% 

4 72.58% 35.97% 65.18% 26.54% 
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5 68.38% 24.60% 59.76% 15.85% 

6 63.73% 15.67% 54.08% 8.57% 

7 58.80% 9.22%   

8 53.86% 4.96%   

9 49.15% 2.44%   

10 44.85% 1.09%   

11 41.03% 0.45%   

12 37.72% 0.17%   
 

In 2017 the IC only opened 10 beds, since there was a shortage of the nurses. The average 

occupancy of 2017 was 44.26% which matches the results of the Erlang Loss model, which 

gives a bed occupancy of 44.85% with 10 beds. For the BCU all beds were available, which 

resulted in a bed occupancy of 57.64%, which is a bit higher than the results of the Erlang 

Loss model. Based on the results, the following research question can be answered: “Are 

there resources available at the following specialization departments: 2IC/MC and BCU 

to prevent an admission stop from occurring?” 

In case of an admission stop, it is not desirable to use a bed of the BCU department for 

the regular departments, since the rejection rate will be even higher than it already is. 

The same applies to deploying one employee of the BCU to the regular departments, 

especially since the nurse-patient ratio is 1 to 4. For the IC/MC it has to be determined 

which rejection rate is acceptable. If this rate would, for example 2%, 2 beds would be 

available in case of an admission stop. The nurse-patient ratio on the IC is 1 to 2, which 

means that it would also be possible to deploy one employee of the IC to the regular 

departments to open, for example, 4 harmonica beds. However, when a lower or higher 

rejection rate is determined for the IC/MC, these numbers will be different. 

In Table 36 the results of the historical data analysis are shown. The left part of the table 

shows the proportion of arrivals each day, with a maximum of 6 arrivals for both 

departments. The right part of the table shows the proportion of increased occupied beds 

from one day to the other, which is at most 4 beds for the IC/ MC and at most 3 beds for 

the BCU. 

Table 36. Proportion number of arrivals per day and the proportion increase in number of beds occupied and proportion 

which stayed the same/ decreased for the IC & BCU (2017) 

Number of 

arrivals per day 
IC/MC BCU 

 

Increase number 

of beds occupied 
IC/MC BCU 

0 12,1% 13,7% 1 23,1% 25,3% 

1 30,2% 26,6% 2 6,9% 6,3% 

2 26,9% 27,2% 3 2,5% 1,1% 

3 17,9% 19,0% 4 0,3% 0,0% 

4 8,2% 11,3%    

5 3,3% 2,2% 
Stayed the same/ 

decreased 
IC/MC BCU 

6 1,4% 0,3%  67.3% 67.3% 
 

Analyzing the results in Table 36 conclude that the BCU can help the regular 

departments out on a high demand day when zero or only one bed is occupied. This 

because there is a small chance 5 or 6 patients arrive that day and the number of beds 

occupied increased with at most 3 in 2017. For the IC/MC the same applies when only a 

few beds are occupied.  
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11  Conclusions 
In this chapter conclusions are drawn from the research conducted. The conclusions are 

described for the different steps executed during the research, finally the research 

questions will be answered. 

First, an analysis is executed of the current situation to confirm the experiences stated in 

the introduction by the Elkerliek: admission stops; misplacement of patients; differences 

in the bed occupancy rates throughout the year and throughout the week; the number of 

admissions and discharges are unequally divided throughout the week. During the 

analysis of the current situation differences in the bed occupancy between the different 

departments are found as well. Furthermore, the days an admission stop occurred in 2017 

are analyzed, which showed that the capacity of the total hospital is sufficient. Ultimately, 

the following departments are taken into account for the research: 2B, 2C, 2D, 2IC/MC, 

BCU, and all regular departments. Based on the experiences and departments taken into 

account the research questions are established.  

In the first step of the research design, data preparation, several conclusions are drawn: 

 The arrivals of the acute patients, during the week and during the weekend, for 

the regular departments are Poisson distributed. 

 The arrivals of the elective patients, during the reduction and no reduction weeks, 

for the day care and short stay department are normally distributed.  

 The remaining arrivals and patients that flow through from a department to 

another department have no specific distribution, therefore, empirical data is used. 

 The LOS of the patients has no specific distribution, therefore, empirical data is 

used. 

 For some specialisms there is a difference in LOS for acute and elective patients, 

which is taken into account. 

 For some specialisms misplacing a patient results in a longer LOS, which is taken 

into account. 

 Seasonal influences in the arrival rate for clusters based on school holidays are 

detected for the following specialisms: cardiology, surgery, geriatrics, lung and 

stomach bowels liver. For the specialisms surgery and lung seasonal influences are 

also determined in the LOS for some clusters. 

In the second step of the research design, generate final list, no conclusions are drawn. In 

the third step of the research design, simulation, a simulation model is made with Excel 

VBA to be able to analyze different performance indicators: bed occupancy; rejections; 

placement of patients and nurse capacity. The simulation model is verified and validated 

with the current situation in step 4. Thereafter, a queueing model (step 5), the Erlang 

Loss model, is used to calculate the number of operational beds needed in the different 

scenarios. Thereafter, the scenario analysis is executed (step 6). During the scenario 

analysis several conclusions are drawn: 

 Adjusting the number of operational beds for the regular departments to the 

seasonal influences for each specialism decreases the rejection rate with 0.5% 

compared to the current situation. Furthermore, the occupancy rates during the 

months are more balanced and the misplacement of patients decreases with 1.1%. 

Also placing the patients correctly the first time increases to 65.0% compared to 

61.0% in the current situation. 
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 Adding a flex department for the diagnostic patient groups decreases the ‘less 

misplacement’ of patients with 2.1% compared to scenario 1 and placing the 

patient correctly the first time increases to 70.7%. Furthermore, 0.9 less FTE 

nurse is needed, since the nurse capacity aspect is taken into account. 

 When splitting the acute and elective patients of the regular and short stay 

departments into different departments the occupancy rates of the departments 

are balanced. However, the number of beds needed exceeds the available capacity. 

 When merging the short stay and regular departments while keeping the flex 

department, the average bed occupancy decreases. Furthermore, the rejection rate 

decreases to 1.4% compared to 4.6% in the current situation. Placing a patient 

correctly increases even more to 97.4%, compared to the current 92.7%, also 

placing the patient correctly the first time increases to 82.5%. However, 2 

additional FTE nurses are necessary. 

 When merging the short stay and regular department, while keeping the flex 

department and adding the admission ‘without’ bed on the day care departments, 

the average bed occupancy of this department decreases even more to 80.8%, 

compared to 85.7% in the current situation. Furthermore, the rejection rate 

decreases to 0.4% and placing a patient correctly increases to 97.8%. Also placing 

the patient correctly the first time increase to 86.9%. Finally, no additional FTE 

nurse is necessary for this scenario compared to the current situation. 

 Analyzing the bed occupancy rates of the harmonica beds shows that the 

harmonica beds are not necessary anymore. 

After the scenario analysis a ‘what-if’ analysis (step 7) is executed to analyze what would 

happen when the approximation of arrivals in 2025 would arrive for each specialism and 

what would happen when the LOS would be similar as the benchmark while keeping the 

number of operational beds as stated in scenario 5. This led to the following conclusions: 

 In 2025 most arrivals increase, which results in an increase of the average bed 

occupancy. The average bed occupancy rates throughout the months are more 

balanced. However, the differences in occupancy of the department's increases. 

Also the rejection rate increases to 2.3% and placing a patient correctly decrease 

to 93.8%. Placing a patient correctly the first time decreases to 79.1%.  These 

results indicate that the number of operational beds should be calculated again 

with the Erlang Loss formula to better match the arrivals of the different 

specialisms. 

 When the LOS of the patients would be similar to the benchmark, a decrease of 5% 

is seen. This results in a lower bed occupancy, a rejection rate of 0.1% and placing 

the patients correctly 95.5% of the time. Also placing the patient correctly first 

increases to 91.0%. This indicates that the performance indicators are even better, 

however the bed occupancy rate is rather low. These results, therefore, indicate 

that the number of operational beds should be calculated again with the Erlang 

Loss formula to better match the LOS of the patients. 

Finally, a probabilistic analysis is conducted for the IC/MC and the BCU to indicate if 

the beds on these departments can help the regular departments out on the day of an 

admission stop. This led to the following conclusions: 

 The IC/MC has a rejection rate of 0.17% for their current 12 beds. This would 

indicate that the IC/MC could help the regular departments out on days of an 
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admission stops, with beds or a nurse. However, an acceptable rejection rate needs 

to be determined first by the hospital. 

 The BCU has a rejection rate of 8.57% for the use of their current 6 beds, which 

indicates that this department cannot permanently help the regular departments 

out. 

 When at the IC/MC or the BCU only a few beds are occupied, the departments can 

help the regular departments out. Historical data showed that at most 6 patients 

arrive at one day with a small probability, and at most an increase of 4 occupied 

beds for the IC/MC and an increase of 6 occupied beds for the BCU from one day 

to the next. 

The conclusions drawn can answer the different research question stated. Adjusting the 

number of operational beds according to the seasonal influences answers the first sub-

research question. Adding a flexible department answers the second sub-research 

question. When balancing the admissions throughout the week of the short stay 

department the occupancy rates throughout the week are also more balanced, which 

answers the third sub-research question. When merging the short stay department with 

the regular departments and applying admission ‘without’ bed on the average one less 

operational bed is needed, however the bed occupancy rates do decrease. When making a 

distinction between the elective and acute patients of the short stay and regular 

departments on average additional operational beds are needed, which answers the fourth 

sub-research question. The ‘what-if’ analysis shows that the proposed reallocation can 

handle some fluctuations. However, it would be better to calculate the number of 

operational beds needed again when multiple changes take place. This answers the fifth 

sub-research question. The BCU can only help on the day of an admission stop when zero 

or one bed are occupied. However, the IC/MC can always help, which answers the final 

sub-research question.  

The main research question: “How should the beds of the Elkerliek be reallocated to 

balance the bed occupancy rates throughout the hospital and throughout the year, while 

minimizing the misplacements of patients?” can be answered as follows: adjust the 

number of operational beds to the seasonal influences; add a flexible department for the 

diagnostic specialisms; merge the short stay department with the regular department; 

apply admission ‘without’ bed for the elective patients with a surgery on the first day of 

admission. 
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12  Discussion 
In this chapter two aspects are described. Paragraph 12.1 discusses the limitations of the 

research. Paragraph 12.2 discusses the recommendations for the Elkerliek and Paragraph 

12.3 discusses recommendations for future research. 

12.1  Limitations 
In this paragraph, the limitations of the research are described. When generating the 

patient list for the simulation, isolation or not is randomly assigned based on the 

percentage of isolation patients in 2017. However, when more data would be available for 

the isolation patients, a better allocation could have been done. Furthermore, in the 

simulation it is not possible to be flexible with the arriving times of the acute patients. 

However, in reality it is possible to wait at the ED before coming to the department, which 

decreases the rejection rate and increases placing the patient correctly the first time.  

12.2  Recommendations Elkerliek 
In this paragraph, the recommendations are described for the Elkerliek are described. 

During the research, scenario 5 gave the best results, therefore, it is recommended for the 

Elkerliek to apply this scenario. To be able to apply this scenario physically, department 

3B needs to be switched with department 4Alg. Furthermore a flex department needs to 

be added, where the nurses need to be adjusted to. Next to that, two 2 person rooms need 

to be changed to single rooms.  

Next to physical changes it is recommended to standardize the blocking reasons of beds, 

to better indicate the number of operational beds used. Furthermore, it would be 

recommended to keep track if a patient needs to be isolated or not, to better be able to 

determine the number of single rooms needed. Also the data of the CCU could during the 

research not be used since it is merged with the first hart help. Splitting this data could 

also give insight into the rejection rates for the CCU, to see if this department could 

prevent an admission stop from occurring. 

12.3  Future research 
In this paragraph, options for future research are described. When the Elkerliek would 

keep track if a patient needs to be isolated or not, the number of single rooms needed can 

be calculated more precisely in future research. When the data of the CCU could be used, 

combinations of availability departments could be evaluated in future research to analyze 

the number of beds needed at the availability departments. Furthermore, it would be 

interesting to find an optimum in the number of beds needed for each department in 

combination with the hours of nurses needed. In this research, only a small part of this 

balance is taken into account. In this research, the Erlang Loss formula could not be 

applied to the day care departments. It would be interesting to do more research on the 

day care departments, for example calculating the number of beds needed while taking 

the surgery schedule into account as well. In the results of this research the occupancy 

rates throughout the week differed. More research could be done to the number of beds 

needed each day of the week, especially the balance during the week and the weekend. 

Finally, more research on the number of flex beds needed can be done. In this research 

adding a flex department already gives positive results. However, different variations of 

a flex department could be tested, to see which one gives the best results.   
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Appendix A – Nurse / patient ratio  
Within the Elkerliek Hospital for most departments a nurse-patient ratio is determined, 

namely for all the regular departments and the BCU. The specialization departments 

minus the BCU do not have a ratio, however, they do have a certain amount of nurses 

they plan on the various shift to be able to open all their beds on the department. For the 

short stay department (2D) there is a difference within the schedule for the days of the 

week since they start with an empty department on Monday and the department is empty 

again Saturday afternoon. However, the day most nurses are scheduled is used for the 

calculation, to give a good overview of the amounts of beds the nurses can handle the other 

days of the week. To be able to calculate the amounts of beds the nurses on the different 

department can handle two general formulas have been drawn up: the first formula 

representing the departments for which the ratio is known; the second formula can be 

used to determine the ratio, which is different for each department. Both formulas can be 

seen beneath. 

𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝐵𝑒𝑑𝑠 =  
𝑇𝑜𝑡𝑎𝑙𝐻𝑜𝑢𝑟𝑠𝑁𝑢𝑟𝑠𝑒𝑠

∑
𝐻𝑖
𝑅𝑖

𝑆
𝑖=1

 

With 

S = The number of shifts 

Hi = The number of hours for shift i 

Ri = The ratio of shift i 
 

Formula 1 

𝑅𝑖 =  
𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑏𝑒𝑑𝑠

𝑁𝑖
 

With 

Ri = The ratio of shift i 

Ni = The number of nurses scheduled regularly 
 

Formula 2 

Within formula 1 the number of beds represents the number of beds the nurses worked 

can handle and within formula 2 it represents the total number of beds a department has 

and should be able to handle. In Table 37 an overview of the ratios for the different 

departments can be seen. 

Table 37. Overview ratios departments 

Department Shift Ratio 

Regular Departments & 

BCU 

Day 1 to 4 

Evening 1 to 7 

Night 1 to 10,5 

IC 

Day 1 to 6 

Evening 1 to 5 

Night 1 to 5 

2B & 2C 

Early  1 to 10 

Day 1 to 40 

Late  1 to 20 

P 1 to 20 

Specific 1 to 20 

2D 

Early 1 to 5,75 

Day 1 to 11,5 

Late Day 1 to 7,7 

P 1 to 7,7 
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The ratios for department 2B, 2C, and 2D maybe look a bit strange, but this is since they 

have multiple shifts that overlap each other. So the nurses do not actually need to take 

care of 40 patients.  
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Appendix B – Bed occupancy specialization departments 

reduction weeks 

 

Figure 30. Average number of occupied beds versus bed and nurse capacity for the 

reduction weeks of the specialization departments per day of the week (2017) 

 

Figure 31. Average number of occupied beds versus bed and nurse capacity for the 

reduction weeks of the specialization departments per month of the year (2017) 
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Appendix C – Bed occupancy total hospital reduction weeks 

 

Figure 32. Average number of beds occupied versus bed and 

nurse capacity in the no reduction weeks for the total 

hospital per month (2017) 

 

Figure 33. Average number of beds occupied versus bed and 

nurse capacity in the no reduction weeks for the total 

hospital per day of the week (2017) 

 

Figure 34. Average number of occupied beds versus bed and 

nurse capacity for the reduction weeks of the hospital in 

total per day of the week (2017) 

 

Figure 35. Average number of occupied beds versus bed 

and nurse capacity for the reduction weeks of the hospital 

in total per month of the year (2017) 
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Appendix D – Bed occupancy on days of an admission stop 

 

Figure 36. Number of occupied beds versus bed and nurse capacity at the regular departments on the days of an 

admission stop (2017) 

 

Figure 37. Number of occupied beds versus bed and nurse capacity at the specialization departments on the days 

of an admission stop (2017) 
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Table 38. Days an admission stop occurred 

 

  

Number 

admission stop 

Day Admission 

stop 

Number 

admission stop 

Day admission 

stop 

1 03-01-2017 18 15-06-2017 

2 10-01-2017 19 19-06-2017 

3 11-01-2017 20 27-06-2017 

4 12-01-2017 21 17-07-2017 

5 22-01-2017 22 18-07-2017 

6 29-01-2017 23 24-07-2017 

7 06-02-2017 24 15-08-2017 

8 21-02-2017 25 16-08-2017 

9 05-04-2017 26 22-08-2017 

10 10-04-2017 27 23-08-2017 

11 18-04-2017 28 24-08-2017 

12 19-04-2017 29 04-10-2017 

13 20-04-2017 30 10-10-2017 

14 22-05-2017 31 23-10-2017 

15 31-05-2017 32 19-11-2017 

16 07-06-2017 33 18-12-2017 

17 12-06-2017   
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Appendix E – Placement of patients within regular 

departments 
In Table 3 already an overview is given of which specialism can be placed on which 

departments. However, there is a distinction between how ‘misplaced’ a patient is. 

Therefore in dialogue with the department managers an overview is made, visible in Table 

39. For each specialism existing out of three options: “C” = correctly placed; “MV” = ‘less 

misplaced’; “V” = misplaced. The deviation is made between surgical departments (1B/1C) 

and the contemplative departments (3A/3B/3C/4Alg). Some specialisms can be placed on 

each of department, furthermore, there is decided that a lung patient is also in the 

summer ‘less misplaced’ on department 3A. Normally, an ICA patient should be placed at 

the Intensive Care. However, when preparing the data set only one specialism is linked 

to the patient, while patients only during the time they are on the IC are of type ICA. 

Mostly, patients of department 1B and 1C go to the IC and back, therefore there is decided 

that patients of specialism ICA are placed correctly on department 1B and department 

1C. 

Table 39. Placement of specialisms within regular departments 

  Regular Departments 
  

1B 1C  3A  3B  3C  3D  4Alg  

Sp
e

ci
al

is
m

 

CAR – Cardiology V V C MV MV MV MV 

CHI – Surgery C C V V V V V 

DER – Dermatology C C C C C C C 

GER – Geriatrics V V MV MV MV C MV 

GYN – Gynecology C C V V V V V 

ICA – Intensive Care C C V V V V V 

INT – Internal Medicine V V MV MV MV MV C 

KAA – Dental Surgery C C V V V V V 

KNO – Throat-Nose-Ear Surgery C C V V V V V 

LON – Lung V V MV C MV MV MV 

MDL – Stomach bowels liver V V MV MV MV MV C 

NEU – Neurology V V MV MV C MV MV 

OOG – Ophthalmology C C C C C C C 

ORT – Orthopedics C C V V V V V 

PLA – Plastic Surgery C C V V V V V 

REU – Rheumatology C C C C C C C 

URO – Urology C C V V V V V 
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Appendix F – Script VBA 
In VBA 4 steps are executed. In this Appendix the steps will be described in more detail. 

When these steps are followed different scenarios can be executed again with new data. 

The steps are as follows: data preparation; generate arrivals; create final list; simulation. 

After these steps the data can be copied to another file to evaluate the different 

performance indicators.  

Data preparation 

In Excel a new file can be opened. Create the sheet “WBMin_Gekregen” and copy the data. 

The data has to have the same columns, so retrieved from the Admission Module in HiX. 

Then the code can be runned. When running the code multiple sheets are made. In the 

sheet “DeletedOpnames” the patients that are deleted can be seen. The sheet 

“CorrectList” is the list that is filled with useful data, which is needed for step 2 and step 

3. 

Generate arrivals 

Open in Excel the file of Step 2. In the first sheet “Information” the school holiday weeks 

can be filled in. Furthermore, for each individual specialism of the regular departments a 

factor can be filled in to take the seasonal influences into account. For the short stay and 

day care departments only a factor for the department in total can be filled in. In the sheet 

“ArrList” the arrivals, which can be subtracted from the final list, can be filled in. For 

each specialism acute and elective for the regular departments and for the elective and 

acute arrivals of the short stay and day care departments. Also the patients that flow 

through from a department to another department can be filled in. For the patients with 

an empirical distribution the arrivals need to be copied to the sheet “ListEmpirisch”. In 

the sheet “TussenStap” the groups for which this need to be done can be seen. Finally, the 

code can run and the sheet “Patient Arrival” is filled with the arrivals for the coming five 

years for each specialism, departments and patients that flow through from a department 

to another department. This sheet is also needed in the following step. 

Create final list 

Open in Excel the file of Step 3. In the first sheet “Information” the school holiday weeks 

can be filled in. Furthermore, for each specialism of the regular department a factor can 

be filled in to influence the LOS of the patients. The same can be done for the short stay 

and day care departments in total. Finally, the percentage of isolation patients per 

general department can be filled in. Copy the sheet “Patient Arrival” from step 2, to this 

Excel, so it can be used as input. Furthermore, the “CorrectList” of step 1 needs to be 

copied to this Excel as input. Rename the file to “LOSList”. By hand, the patients that 

had an interaction with the BCU, CCU or IC, the LOS before and after need to be merged 

to 1 arrival. Finally, a column with Unique Number needs to be added from 1 till the last 

row of the file. In the sheet “LOS UniqueNumber” the unique numbers needed to be copied  

based on the groups stated in sheet “TussenBlad LOSUN”. Then the code can run and the 

sheet “FinalList” is filled with a list of patients for the coming five years. Between the 

code sometimes a column need to be merged to text by hand, because otherwise the code 

does not work. Thereafter, the sheet “Dummy Patients” needs to be filled by hand with 

patients that were in the hospital on the day the list starts, and copied before the Final 

List. Finally, the columns admission time and discharge time need to be merged to text 

by hand. The sheet “Finalist” is also needed in the final step. 
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Simulation 

Open in Excel the file of Step 4. In the first sheet “Information” for each regular 

department there can be filled in how many beds need to be blocked per week. For the 

short stay and day care this can be filled in for the reduction weeks and summer holiday. 

Furthermore, for each specialism there can be stated at which department they are placed 

C, MV, or V. (Correct, ‘less-misplaced’, misplaced). Also the additional LOS can be filled 

in for each specialism when ‘less-misplacing’ or misplacing the patient. Finally, there can 

be filled in if admission ‘without’ bed needs to be done or not. The sheet “Final List” from 

step 3 needs to be copied to step 4 as input. In the sheet “Simulation” the beds for the 

departments can be filled in, according to the scenario to be tested. Then the simulation 

can be run and the sheet “Simulation” fills with placed patients. Furthermore, the sheet 

“FinalList” keeps track of other aspects.  

Output 

Open in Excel the file of Step 4 Output. In the sheet “FinalList” the columns A to Z need 

to be copied from step 4. Furthermore, the columns of the sheet “Simulation” need to be 

copied. In the sheet “Output Sim 5 years” the results of the simulation can evaluated. The 

results are represented for each year of data for each performance indicator. Finally, the 

average of the 5 years is shown. The fourth performance indicator, nurse capacity, cannot 

be subtracted from the output of the simulation. This performance indicator, needs to be 

calculated by hand.  
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Appendix G – Distribution patient arrival and LOS 
Table 40. Determination patient arrival distribution 

Patient Arrival Distribution 

General 

Department 
Specialism 

Number of 

arrivals 

Acute/ 

Elective 

MSE 

Exponen- 

tial dist. 

MSE 

normal 

dist. 

MSE 

lognormal 

dist. 

MSE 

Uniform 

MSE 

Poisson 
Distribution h p-value Mean Variation St. Dev % Acute 

Regular 
All 

arrivals 
8643 Both                 23,68 42,77 6,54 

78% Regular 
All 

arrivals 
6707 Acute 0,07 0,00 0,34 0,02 0,00 Poisson  0 0,420 18,38 18,12 4,26 

Regular 
All 

arrivals 
1936 Elective 0,01 0,00 N.A. 0,05 0,01 Normal 1 0,001 5,30 17,37 4,17 

Regular CAR 1357 Both              3,72 3,80 1,95 

94% Regular CAR 1273 Acute 0,02 0,00 N.A. 0,02 0,00 Poisson  0 0,624 3,49 3,31 1,82 

Regular CAR 84 Elective 0,02 0,02 N.A. 0,20 0,01 Normal 1 <0,005 0,23 0,23 0,48 

Regular CHI 1725 Both                 4,73 6,31 2,51 

68% Regular CHI 1174 Acute 0,01 0,00 0,16 0,07 0,00 Poisson  0 0,283 3,22 3,89 1,97 

Regular CHI 551 Elective 0,01 0,00 0,09 0,04 0,01 Normal 1 <0,005 1,51 2,34 1,53 

Regular DER 3 Both              0,01 0,01 0,09 

67% Regular DER 2 Acute 0,00 0,01 0,24 0,32 0,01 Poisson  0 NaN 0,01 0,01 0,07 

Regular DER 1 Elective 0,00 0,01 0,24 0,32 0,01 Normal 0 NaN 0,00 0,00 0,05 

Regular GER 408 Both                 1,12 1,20 1,10 

75% Regular GER 307 Acute 0,01 0,01 0,15 0,13 0,00 Poisson  0 NaN 0,84 0,94 0,97 

Regular GER 101 Elective 0,03 0,02 0,14 0,16 0,01 Normal 1 <0,005 0,28 0,23 0,48 

Regular GYN 45 Both              0,12 0,17 0,42 

38% Regular GYN 17 Acute 0,01 0,02 0,22 0,29 0,01 Poisson  0 NaN 0,05 0,05 0,22 

Regular GYN 28 Elective 0,01 0,02 0,21 0,28 0,01 Normal 1 <0,005 0,08 0,10 0,32 

Regular ICA 208 Both                 0,57 0,55 0,74 

99% Regular ICA 205 Acute 0,01 0,01 0,05 0,15 0,00 Poisson  0 NaN 0,56 0,53 0,73 

Regular ICA 3 Elective 0,00 0,01 0,71 0,31 0,01 Normal 0 NaN 0,01 0,01 0,09 

Regular INT 1145 Both              3,14 3,26 1,81 

83% Regular INT 951 Acute 0,01 0,00 0,15 0,06 0,00 Poisson  0 0,143 2,61 2,58 1,61 

Regular INT 194 Elective 0,01 0,01 0,17 0,18 0,01 Normal 1 <0,005 0,53 0,73 0,86 

Regular KAA 32 Both                 0,09 0,13 0,37 31% 
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Regular KAA 10 Acute 0,00 0,01 0,23 0,30 0,01 Poisson  0 NaN 0,03 0,03 0,18 

Regular KAA 22 Elective 0,00 0,02 0,23 0,29 0,01 Normal 0 NaN 0,06 0,11 0,33 

Regular KNO 69 Both              0,19 0,21 0,46 

29% Regular KNO 20 Acute 0,01 0,02 0,22 0,29 0,01 Poisson  0 NaN 0,05 0,06 0,25 

Regular KNO 49 Elective 0,02 0,03 0,19 0,24 0,01 Normal 1 <0,005 0,13 0,17 0,41 

Regular LON 1176 Both                 3,22 3,63 1,91 

84% Regular LON 993 Acute 0,01 0,00 0,14 0,05 0,00 Poisson  0 0,857 2,72 2,88 1,70 

Regular LON 183 Elective 0,01 0,01 0,18 0,19 0,01 Normal 1 <0,005 0,50 0,62 0,79 

Regular MDL 506 Both              1,39 1,46 1,21 

75% Regular MDL 382 Acute 0,01 0,01 0,11 0,06 0,00 Poisson  0 NaN 1,05 1,03 1,02 

Regular MDL 124 Elective 0,01 0,01 0,18 0,21 0,01 Normal 1 <0,005 0,34 0,42 0,65 

Regular NEU 894 Both                 2,45 2,51 1,58 

86% Regular NEU 771 Acute 0,01 0,00 N.A. 0,03 0,00 Poisson  0 NaN 2,11 2,06 1,43 

Regular NEU 123 Elective 0,01 0,01 N.A. 0,24 0,01 Normal 1 <0,005 0,34 0,49 0,70 

Regular OOG 34 Both              0,09 0,11 0,33 

15% Regular OOG 5 Acute 0,00 0,02 0,23 0,31 0,01 Poisson  0 NaN 0,01 0,01 0,12 

Regular OOG 29 Elective 0,01 0,02 0,21 0,27 0,01 Normal 1 <0,005 0,08 0,10 0,32 

Regular ORT 385 Both                 1,05 1,62 1,27 

63% Regular ORT 244 Acute 0,01 0,01 0,17 0,18 0,00 Poisson  0 NaN 0,67 0,85 0,92 

Regular ORT 141 Elective 0,01 0,02 0,18 0,22 0,01 Normal 1 <0,005 0,39 0,85 0,92 

Regular PLA 26 Both                 0,07 0,07 0,27 

23% Regular PLA 6 Acute 0,00 0,02 0,23 0,31 0,01 Poisson  0 NaN 0,02 0,02 0,13 

Regular PLA 20 Elective 0,01 0,02 0,21 0,26 0,01 Normal 1 <0,005 0,05 0,06 0,24 

Regular REU 14 Both                 0,04 0,04 0,21 

0% Regular REU 0 Acute        Poisson  0 NaN 0,00 0,00 0,00 

Regular REU 14 Elective 0,00 0,01 0,23 0,30 0,01 Normal 0 NaN 0,04 0,04 0,21 

Regular URO 297 Both                 0,81 1,02 1,01 

66% Regular URO 195 Acute 0,02 0,01 0,13 0,12 0,01 Poisson  0 NaN 0,53 0,56 0,75 

Regular URO 102 Elective 0,01 0,01 0,20 0,24 0,01 Normal 1 <0,005 0,28 0,49 0,70 

Regular Via BCU 19 Both                 0,05 0,05 0,22 

89% Regular Via BCU 17 Acute 0,01 0,03 0,65 0,28 0,01 Poisson  0 NaN 0,05 0,04 0,21 

Regular Via BCU 2 Elective 0,00 0,01 0,72 0,32 0,01 Normal 1 <0,005 0,01 0,01 0,07 

Regular Via CCU 42 Both                 0,12 0,11 0,33 
81% 

Regular Via CCU 34 Acute 0,01 0,02 0,33 0,26 0,01 Poisson  1 <0,005 0,09 0,09 0,30 
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Regular Via CCU 8 Elective 0,00 0,02 0,69 0,30 0,01 Normal 1 <0,005 0,02 0,02 0,15 

Regular Via IC 257 Both                 0,70 0,78 0,88 

39% Regular Via IC 101 Acute 0,03 0,02 0,22 0,16 0,01 Poisson  0 NaN 0,28 0,25 0,50 

Regular Via IC 156 Elective 0,02 0,01 0,11 0,15 0,01 Normal 1 <0,005 0,43 0,47 0,69 

Short stay 

department 

All 

arrivals 
2493 Both              10,84 19,83 4,45 

4% 
Short stay 

department 

All 

arrivals 
99 Acute 0,01 0,01 0,19 0,22 0,01 Poisson  0 NaN 0,43 0,68 0,82 

Short stay 

department 

All 

arrivals 
2394 Elective 0,03 0,00 0,13 0,01 0,00 Normal 0 0,074 10,41 18,13 4,26 

Day 

departments 

All 

arrivals 
10492 Both                 40,35 156,26 12,50 

4% 
Day 

departments 

All 

arrivals 
472 Acute 0,02 0,02 0,16 0,21 0,02 Poisson  1 <0,005 1,82 17,67 4,20 

Day 

departments 

All 

arrivals 
10020 Elective 0,05 0,00 0,15 0,03 0,01 Normal 0 0,215 38,54 143,06 11,96 
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Table 41. Overview input simulation 

Patient Arrival Distribution 

General 

Department 

Acute/ 

Elective Specialism 

Number 

of arrivals Excluding Distribution h p Mean  

Regular Acute  All arrivals 5016 Week Poisson  0 0,5914 19,29  

Regular Acute  All arrivals 1691 Weekend Poisson  0 0,0755 16,10  

Regular Acute  CAR 958 Week Poisson  0 0,8965 3,38  

Regular Acute  CAR 315 Weekend Poisson  0 NaN 3,00  

Regular Acute  CHI 860 Week Poisson  0 0,2923 3,31  

Regular Acute  CHI 314 Weekend Poisson  0 0,8868 2,99  

Regular Acute  DER 1 Week Poisson  0 NaN 0,00  

Regular Acute  DER 1 Weekend Poisson  0 NaN 0,01  

Regular Acute  GER 252 Week Poisson  0 NaN 0,97  

Regular Acute  GER 55 Weekend Poisson  0 NaN 0,52  

Regular Acute  GYN 9 Week Poisson  0 NaN 0,03  

Regular Acute  GYN 8 Weekend Poisson  0 NaN 0,08  

Regular Acute  ICA 159 Week Poisson  0 NaN 0,61  

Regular Acute  ICA 46 Weekend Poisson  0 NaN 0,44  

Regular Acute  INT 727 Week Poisson  0 0,6768 2,80  

Regular Acute  INT 224 Weekend Poisson  0 NaN 2,13  

Regular Acute  KAA 2 Week Poisson  0 NaN 0,01  

Regular Acute  KAA 8 Weekend Poisson  0 NaN 0,08  

Regular Acute  KNO 12 Week Poisson  0 NaN 0,05  

Regular Acute  KNO 8 Weekend Poisson  0 NaN 0,08  

Regular Acute  LON 767 Week Poisson  0 NaN 2,95  

Regular Acute  LON 226 Weekend Poisson  0 0,3576 2,15  

Regular Acute  MDL 289 Week Poisson  0 NaN 1,11  

Regular Acute  MDL 93 Weekend Poisson  0 NaN 0,89  

Regular Acute  NEU 568 Week Poisson  0 NaN 2,18  

Regular Acute  NEU 203 Weekend Poisson  0 NaN 1,93  

Regular Acute  OOG 2 Week Poisson  0 NaN 0,01  

Regular Acute  OOG 3 Weekend Poisson  0 NaN 0,03  

Regular Acute  ORT 160 Week Poisson  0 NaN 0,62  

Regular Acute  ORT 84 Weekend Poisson  0 NaN 0,80  

Regular Acute  PLA 3 Week Poisson  0 NaN 0,01  

Regular Acute  PLA 3 Weekend Poisson  0 NaN 0,03  

Regular Acute  REU 0 Week Poisson  0 NaN 0,00  

Regular Acute  REU 0 Weekend Poisson  0 NaN 0,00  

Regular Acute  URO 127 Week Poisson  0 NaN 0,49  

Regular Acute  URO 68 Weekend Poisson  0 NaN 0,65  

Regular Acute  Via BCU 9 Week Poisson  0 NaN 0,03  

Regular Acute  Via BCU 8 Weekend Poisson  0 NaN 0,08  

Regular Acute  Via CCU 29 Week Poisson  0 NaN 0,11  

Regular Acute  Via CCU 5 Weekend Poisson  0 NaN 0,05  

Regular Acute  Via IC 82 Week Poisson  0 NaN 0,32  

Regular Acute  Via IC 19 Weekend Poisson  0 NaN 0,18  

General 

Department 

Acute/ 

Elective Specialism 

Number 

of arrivals Period Distribution h p Mean St. Dev 

Short stay 

department 
Elective All arrivals 2243 

No 

Reduction 
Normal 

0 0,070 
10,94 3,97 

Short stay 

department 
Elective All arrivals 151 Reduction Normal 

0 NaN 
6,04 4,03 
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Short stay 

department 
Elective 

All arrivals 

Monday 
546 

No 

Reduction 
Normal 

0 0,0565 
9,23 3,97 

Short stay 

department 
Elective 

All arrivals 

Monday 
25 Reduction Normal 

0 NaN 
8,76 4,10 

Short stay 

department 
Elective 

All arrivals 

Tuesday 
550 

No 

Reduction 
Normal 

0 0,1119 
9,23 2,55 

Short stay 

department 
Elective 

All arrivals 

Tuesday 
42 Reduction Normal 

0 NaN 
8,76 4,41 

Short stay 

department 
Elective 

All arrivals 

Wednesday 
477 

No 

Reduction 
Normal 

1 0,0067 
9,23 2,69 

Short stay 

department 
Elective 

All arrivals 

Wednesday 
38 Reduction Normal 

0 NaN 
8,76 1,02 

Short stay 

department 
Elective 

All arrivals 

Thursday 
418 

No 

Reduction 
Normal 

0 0,1581 
9,23 2,96 

Short stay 

department 
Elective 

All arrivals 

Thursday 
33 Reduction Normal 

0 NaN 
8,76 4,18 

Short stay 

department 
Elective 

All arrivals 

Friday 
252 

No 

Reduction 
Normal 

1 <0,005 
9,23 2,15 

Short stay 

department 
Elective 

All arrivals 

Friday 
13 Reduction Normal 

0 NaN 
8,76 2,33 

Day 

departments 
Elective All arrivals 8584 

No 

Reduction 
Normal 

1 0,0421 
41,87 10,45 

Day 

departments 
Elective All arrivals 1436 Reduction Normal 

0 0,1061 
26,11 8,58 

 

Table 42. Results ttest LOS difference between clusters 

LOS - Differences within clusters 

General 

Department Specialism 

Acute-

Elective Data 1 Data 2 h p- value 

Regular CAR Acute Remaining Cl 4. 0 0,20 

Regular CAR Elective Remaining Cl 4. 0 0,74 

Regular CHI Both Remaining Cl 1 0 0,50 

Regular CHI Both Remaining Cl 2 1 <0,05 

Regular CHI Both Cl 1 Cl 2 0 0,29 

Regular GER Both Remaining Cl 4. 0 0,46 

Regular MDL Acute Remaining Cl 1 0 0,90 

Regular MDL Elective Remaining Cl 1 0 0,38 

Regular LON Acute Cl 1 - Cl 2 Cl 3 0 0,09 

Regular LON Acute Cl 1 - Cl 2 Cl 4  1 0,03 

Regular LON Acute Cl 1 - Cl 2 Cl 5 1 < 0,005 

Regular LON Acute Cl 3 Cl 4 0 0,49 

Regular LON Acute Cl 3 Cl 5 0 0,31 

Regular LON Acute Cl 4 Cl 5 0 0,98 

Regular LON Elective Cl 1 - Cl 2 Cl 3 1 <0,005 

Regular LON Elective Cl 1 - Cl 2 Cl 4  0 0,09 

Regular LON Elective Cl 1 - Cl 2 Cl 5 1 <0,005 

Regular LON Elective Cl 3 Cl 4 0 0,36 

Regular LON Elective Cl 3 Cl 5 0 0,91 

Regular LON Elective Cl 4 Cl 5 0 0,25 
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Table 43. Overview groups LOS 

General 

Department Specialism 

Number of 

arrivals 

Acute/ 

Elective Cluster Mean Variation St. dev 

Regular CAR 1030 Acute Remaining 4,01 13,61 3,69 

Regular CAR 122 Acute Cl 4. 3,57 7,18 2,68 

Regular CAR 75 Elective Remaining 2,55 9,67 3,11 

Regular CAR 7 Elective Cl 4. 2,15 1,85 1,36 

Regular CHI 989 Both Remaining 4,27 18,29 4,28 

Regular CHI 203 Both Cl 1 4,49 22,89 4,78 

Regular CHI 197 Both Cl 2 5,07 36,37 6,03 

Regular GER 367 Both Remaining 11,38 75,04 8,66 

Regular GER 41 Both Cl 4. 10,33 57,56 7,59 

Regular MDL 331 Acute Remaining 5,47 23,71 4,87 

Regular MDL 51 Acute Cl 1 5,37 34,83 5,90 

Regular MDL 108 Elective Remaining 2,66 14,89 3,86 

Regular MDL 16 Elective Cl 1 3,59 17,04 4,13 

Regular LON 337 Acute Cl 1 - Cl 2 5,68 19,10 4,37 

Regular LON 195 Acute Cl 3 5,02 19,71 4,44 

Regular LON 110 Acute Cl 4 4,65 21,20 4,60 

Regular LON 326 Acute Cl 5 4,66 12,88 3,59 

Regular LON 33 Elective Cl 1 - Cl 2 5,75 16,96 4,12 

Regular LON 41 Elective Cl 3 2,75 12,95 3,60 

Regular LON 27 Elective Cl 4 3,72 24,15 4,91 

Regular LON 90 Elective Cl 5 2,82 8,76 2,96 
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Table 44. LOS distribution determination and testing difference between LOS acute and elective groups of patients 

LOS distribution 

Acute - 

elective 

General 

Department Specialism 

Number 

of 

Patients 

Acute/ 

elective 

MSE 

Exponen- 

tial dist. 

MSE 

normal 

dist. 

MSE 

lognormal 

dist. 

MSE 

Uniform 

MSE 

Poisson Distribution h 

p- 

value 

Mean (in 

days) 

Variation 

(in days) 

St. dev 

(in days)  h 

p-

value 

Regular 

All 

arrivals 8122 Both 
          

      4,96 28,36 5,33 

1 0,0062 
Regular 

All 

arrivals 6355 Acute 
0,00 0,00 0,00 0,22 0,00 

LogNormal 1 <0,005 5,17 28,29 5,32 

Regular 

All 

arrivals 1767 Elective 
0,00 0,00 0,00 0,24 0,01 

LogNormal 1 <0,005 4,19 27,84 5,28 

Regular CAR 1361 Both              3,93 13,39 3,66 

1 <0,005 Regular CAR 1277 Acute 0,00 0,00 0,00 0,19 0,00 LogNormal 0 0,10 4,03 13,54 3,68 

Regular CAR 84 Elective 0,00 0,01 0,00 0,19 0,01 LogNormal 1 0,04 2,48 8,84 2,97 

Regular CHI 1725 Both                 4,53 23,08 4,80 

0 0,7823 Regular CHI 1174 Acute 0,00 0,00 0,00 0,22 0,01 LogNormal 1 <0,005 4,57 26,34 5,13 

Regular CHI 551 Elective 0,00 0,00 0,00 0,16 0,00 LogNormal 1 <0,005 4,44 16,17 4,02 

Regular DER 3 Both              6,60 28,67 5,35 

0 0,1416 Regular DER 2 Acute 0,03 0,02 0,00 0,08 0,04 LogNormal 0 NaN 2,91 2,09 1,45 

Regular DER 1 Elective 0,40 NaN 0,00 NaN 0,22 LogNormal NaN NaN 13,98 0,00 0,00 

Regular GER 408 Both                 11,27 73,38 8,57 

0 0,3354 Regular GER 307 Acute 0,00 0,00 0,81 0,18 0,00 LogNormal 1 <0,005 11,51 76,27 8,73 

Regular GER 101 Elective 0,00 0,00 0,12 0,09 0,01 LogNormal 0 0,09 10,56 63,91 7,99 

Regular GYN 45 Both              2,00 4,39 2,10 

0 0,0743 Regular GYN 17 Acute 0,00 0,01 0,00 0,09 0,02 LogNormal 0 NaN 2,73 9,76 3,12 

Regular GYN 28 Elective 0,02 0,00 0,00 0,03 0,01 LogNormal 0 NaN 1,57 0,63 0,79 

Regular ICA 210 Both                 7,27 60,53 7,78 

0 0,319 Regular ICA 207 Acute 0,00 0,00 0,00 0,20 0,01 LogNormal 0 0,42 7,34 61,01 7,81 

Regular ICA 3 Elective 0,02 0,02 0,01 0,04 0,04 LogNormal 0 NaN 2,81 6,58 2,57 

Regular INT 1145 Both              5,71 36,69 6,06 

1 <0,005 Regular INT 951 Acute 0,00 0,00 0,00 0,18 0,01 LogNormal 1 <0,005 6,02 35,80 5,98 

Regular INT 194 Elective 0,00 0,01 0,00 0,21 0,01 LogNormal 0 0,37 4,15 38,15 6,18 

Regular KAA 32 Both                 2,26 3,74 1,93 
0 0,6609 

Regular KAA 10 Acute 0,00 0,01 0,00 0,05 0,01 LogNormal 0 NaN 2,49 5,02 2,24 
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Regular KAA 22 Elective 0,01 0,02 0,00 0,12 0,02 LogNormal 0 NaN 2,16 3,13 1,77 

Regular KNO 69 Both              2,11 2,64 1,63 

1 <0,005 Regular KNO 20 Acute 0,01 0,00 0,00 0,03 0,01 LogNormal 0 NaN 3,21 4,17 2,04 

Regular KNO 49 Elective 0,01 0,01 0,00 0,05 0,01 LogNormal 1 <0,005 1,67 1,33 1,15 

Regular LON 1176 Both                 4,80 17,31 4,16 

1 <0,005 Regular LON 993 Acute 0,00 0,00 0,00 0,16 0,00 LogNormal 1 <0,005 5,06 17,37 4,17 

Regular LON 183 Elective 0,00 0,00 0,00 0,15 0,01 LogNormal 1 <0,005 3,39 14,63 3,82 

Regular MDL 506 Both              4,80 24,09 4,91 

1 <0,005 Regular MDL 382 Acute 0,00 0,00 0,00 0,15 0,00 LogNormal 1 <0,005 5,45 25,19 5,02 

Regular MDL 124 Elective 0,00 0,01 0,00 0,20 0,01 LogNormal 1 0,04 2,78 15,27 3,91 

Regular NEU 895 Both                 4,52 28,50 5,34 

0 0,4826 Regular NEU 772 Acute 0,00 0,00 0,00 0,19 0,01 LogNormal 1 0,03 4,47 22,44 4,74 

Regular NEU 123 Elective 0,00 0,01 0,00 0,24 0,01 LogNormal 0 NaN 4,81 66,41 8,15 

Regular OOG 34 Both              5,94 32,01 5,66 

0 0,2536 Regular OOG 5 Acute 0,05 0,01 0,01 0,03 0,01 LogNormal 0 Nan 8,62 7,81 2,79 

Regular OOG 29 Elective 0,00 0,01 0,00 0,08 0,04 LogNormal 0 NaN 5,47 34,73 5,89 

Regular ORT 385 Both                 5,71 40,48 6,36 

1 <0,005 Regular ORT 244 Acute 0,00 0,00 0,00 0,15 0,01 LogNormal 0 0,25 6,51 41,53 6,44 

Regular ORT 141 Elective 0,00 0,01 0,00 0,18 0,02 LogNormal 1 <0,005 4,31 35,57 5,96 

Regular PLA 26 Both              2,98 12,64 3,55 

0 0,934 Regular PLA 6 Acute 0,00 0,01 0,00 0,03 0,02 LogNormal 0 NaN 3,09 6,13 2,48 

Regular PLA 20 Elective 0,01 0,02 0,00 0,13 0,02 LogNormal 0 NaN 2,95 14,58 3,82 

Regular REU 14 Both                 4,69 10,80 3,29 

0 NaN Regular REU 0 Acute              0,00 0,00 0,00 

Regular REU 14 Elective 0,01 0,01 0,00 0,07 0,01 LogNormal 0 NaN 4,69 10,80 3,29 

Regular URO 297 Both              3,27 10,93 3,31 

1 <0,005 Regular URO 195 Acute 0,00 0,01 0,00 0,15 0,01 LogNormal 0 0,06 3,76 13,81 3,72 

Regular URO 102 Elective 0,00 0,01 0,00 0,15 0,00 LogNormal 0 0,09 2,32 4,05 2,01 

Regular RBR 19 Both                 5,77 19,53 4,42 

0 0,614 Regular RBR 17 Acute 0,00 0,01 0,00 0,04 0,02 LogNormal 0 NaN 5,59 17,01 4,12 

Regular RBR 2 Elective 0,05 0,02 0,00 0,08 0,13 LogNormal 0 NaN 7,37 38,13 6,17 

Regular RCR 42 Both              8,40 50,86 7,13 

0 0,3992 Regular RCR 34 Acute 0,00 0,01 0,00 0,12 0,01 LogNormal 0 0,07 8,86 56,67 7,53 

Regular RCR 8 Elective 0,01 0,01 0,00 0,03 0,01 LogNormal 0 NaN 6,43 21,45 4,63 
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Regular RIR 257 Both                 8,84 59,85 7,74 

1 <0,005 Regular RIR 101 Acute 0,01 0,00 0,00 0,07 0,01 LogNormal 0 0,08 12,79 71,48 8,45 

Regular RIR 156 Elective 0,00 0,01 0,00 0,18 0,01 LogNormal 0 0,09 6,28 35,67 5,97 

Short stay 

department 

All 

arrivals 2493 
Both          

    1,29 0,61 0,78 

1 <0,005 Short stay 

department 

All 

arrivals 99 
Acute 0,01 0,00 0,01 0,08 0,02 LogNormal 0 0,41 

0,91 0,32 0,57 

Short stay 

department 

All 

arrivals 2394 
Elective 0,01 0,00 0,00 0,10 0,01 LogNormal 1 <0,005 

1,31 0,61 0,78 

Day 

departments 

All 

arrivals 
10492 Both                 273,62 21942,88 148,13 

1 <0,005 Day 

departments 

All 

arrivals 
472 Acute 0,03 0,01 0,23 0,07 0,02 LogNormal 1 <0,005 188,84 6593,18 81,20 

Day 

departments 

All 

arrivals 
10020 Elective 0,00 0,00 0,07 0,21 0,01 LogNormal 1 <0,005 277,60 22311,15 149,37 
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Table 45. Overview groups LOS correct – ‘less misplaced’ – misplaced 

General 

Department Specialism 

Number of 

arrivals Acute/ Elective C/V/MV Mean Variation St. dev 

Regular 

All 

arrivals 4680 Acute Correct 5,01 26,82 5,18 

Regular 

All 

arrivals 1062 Acute Less Misplaced 5,74 32,94 5,74 

Regular 

All 

arrivals 820 Acute Misplaced 5,88 39,01 6,25 

Regular 

All 

arrivals 1589 Elective Correct 4,17 24,65 4,97 

Regular 

All 

arrivals 53 Elective Less Misplaced 6,66 130,92 11,44 

Regular 

All 

arrivals 127 Elective Misplaced 3,48 21,32 4,62 

Regular CAR 1152 Acute Correct 3,96 12,95 3,60 

Regular CAR 116 Acute Less Misplaced 4,79 19,48 4,41 

Regular CAR 9 Acute Misplaced 2,17 1,76 1,33 

Regular CAR 82 Elective Correct 2,52 9,01 3,00 

Regular CAR 2 Elective Less Misplaced 1,07 0,00 0,01 

Regular CAR 0 Elective Misplaced 0,00 0,00 0,00 

Regular CHI 1389 Both Correct 4,42 21,60 4,65 

Regular CHI 336 Both Misplaced 5,03 28,90 5,38 

Regular GER 299 Both Correct 11,30 75,77 8,70 

Regular GER 95 Both Less Misplaced 11,19 66,46 8,15 

Regular GER 14 Both Misplaced 11,13 69,22 8,32 

Regular GYN 37 Both Correct 2,12 4,99 2,23 

Regular GYN 8 Both Misplaced 1,45 1,26 1,12 

Regular INT 665 Acute Correct 6,06 35,38 5,95 

Regular INT 217 Acute Less Misplaced 5,98 40,19 6,34 

Regular INT 69 Acute Misplaced 5,82 25,99 5,10 

Regular INT 185 Elective Correct 3,97 34,26 5,85 

Regular INT 6 Elective Less Misplaced 6,17 26,68 5,17 

Regular INT 3 Elective Misplaced 11,34 239,06 15,46 

Regular KAA 15 Both Correct 2,74 5,72 2,39 

Regular KAA 17 Both Misplaced 1,84 1,62 1,27 

Regular KNO 13 Acute Correct 2,58 2,64 1,62 

Regular KNO 7 Acute Misplaced 4,36 4,97 2,23 

Regular KNO 15 Elective Correct 2,15 1,65 1,29 

Regular KNO 34 Elective Misplaced 1,46 1,05 1,02 

Regular LON 623 Acute Correct 4,90 15,30 3,91 

Regular LON 321 Acute Less Misplaced 5,27 21,68 4,66 

Regular LON 49 Acute Misplaced 5,76 14,45 3,80 

Regular LON 165 Elective Correct 3,05 10,37 3,22 

Regular LON 14 Elective Less Misplaced 7,18 52,74 7,26 

Regular LON 4 Elective Misplaced 4,41 0,70 0,84 

Regular MDL 300 Acute Correct 5,26 23,13 4,81 

Regular MDL 61 Acute Less Misplaced 6,60 37,26 6,10 

Regular MDL 21 Acute Misplaced 4,92 15,04 3,88 

Regular MDL 118 Elective Correct 2,59 14,13 3,76 

Regular MDL 3 Elective Less Misplaced 5,85 3,45 1,86 

Regular MDL 3 Elective Misplaced 7,15 41,60 6,45 

Regular NEU 587 Both Correct 4,42 21,06 4,59 

Regular NEU 280 Both Less Misplaced 4,59 39,43 6,28 

Regular NEU 28 Both Misplaced 5,88 72,96 8,54 
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Regular ORT 181 Acute Correct 6,43 43,72 6,61 

Regular ORT 63 Acute Misplaced 6,76 35,16 5,93 

Regular ORT 132 Elective Correct 4,02 33,01 5,75 

Regular ORT 9 Elective Misplaced 8,45 54,68 7,39 

Regular PLA 20 Both Correct 3,29 14,40 3,79 

Regular PLA 6 Both Misplaced 1,95 5,36 2,31 

Regular URO 144 Acute Correct 3,83 15,20 3,90 

Regular URO 51 Acute Misplaced 3,56 9,84 3,14 

Regular URO 96 Elective Correct 2,15 2,80 1,67 

Regular URO 6 Elective Misplaced 5,08 15,86 3,98 

 

Table 46. Results ttest if a significant difference between LOS correct – less misplaced – misplaced 

LOS Correct - Less Misplaced - Misplaced 

General 

Department Specialism Acute-Elective Data 1 Data 2 h p- value 

Regular 

All 

arrivals Acute Correct Less Misplaced 1 <0,005 

Regular 

All 

arrivals Acute Correct Misplaced 1 0,05 

Regular 

All 

arrivals Acute Less Misplaced Misplaced 0 0,61 

Regular 

All 

arrivals Elective Correct Less Misplaced 1 <0,005 

Regular 

All 

arrivals Elective Correct Misplaced 0 0,14 

Regular 

All 

arrivals Elective Less Misplaced Misplaced 1 0,01 

Regular CAR Acute Correct Less Misplaced 1 0,02 

Regular CAR Acute Correct Misplaced 0 0,14 

Regular CAR Acute Less Misplaced Misplaced 0 0,08 

Regular CAR Elective Correct Less Misplaced 0 0,503 

Regular CAR Elective Correct Misplaced N.A. N.A. 

Regular CAR Elective Less Misplaced Misplaced N.A. N.A. 

Regular CHI Both Correct Misplaced 1 0,04 

Regular GER Both Correct Less Misplaced 0 0,69 

Regular GER Both Correct Misplaced 0 0,93 

Regular GER Both Less Misplaced Misplaced 0 0,79 

Regular GYN Both Correct Misplaced 0 0,42 

Regular INT Acute Correct Less Misplaced 0 0,79 

Regular INT Acute Correct Misplaced 0 0,88 

Regular INT Acute Less Misplaced Misplaced 0 0,98 

Regular INT Elective Correct Less Misplaced 0 0,33 

Regular INT Elective Correct Misplaced 1 0,03 

Regular INT Elective Less Misplaced Misplaced 0 0,53 

Regular KAA Both Correct Misplaced 0 0,20 

Regular KNO Acute Correct Misplaced 0 0,07 

Regular KNO Elective Correct Misplaced 0 0,06 

Regular LON Acute Correct Less Misplaced 0 0,21 

Regular LON Acute Correct Misplaced 0 0,14 

Regular LON Acute Less Misplaced Misplaced 0 0,48 

Regular LON Elective Correct Less Misplaced 1 <0,005 

Regular LON Elective Correct Misplaced 0 0,40 

Regular LON Elective Less Misplaced Misplaced 0 0,48 

Regular MDL Acute Correct Less Misplaced 0 0,06 
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Regular MDL Acute Correct Misplaced 0 0,75 

Regular MDL Acute Less Misplaced Misplaced 0 0,25 

Regular MDL Elective Correct Less Misplaced 0 0,18 

Regular MDL Elective Correct Misplaced 0 0,07 

Regular MDL Elective Less Misplaced Misplaced 0 0,80 

Regular NEU Both Correct Less Misplaced 0 0,08 

Regular NEU Both Correct Misplaced 0 0,12 

Regular NEU Both Less Misplaced Misplaced 0 0,97 

Regular ORT Acute Correct Misplaced 0 0,85 

Regular ORT Elective Correct Misplaced 1 0,01 

Regular PLA Both Correct Misplaced 0 0,44 

Regular URO Acute Correct Misplaced 0 0,65 

Regular URO Elective Correct Misplaced 1 <0,005 

 

Table 47. Final groups LOS 

LOS Groups 

Type 

Acute/ 

Elective C/MV/V Seasonal 

CAR Acute C + V   

CAR Acute MV   

CAR Elective     

CHI Both C   Cl 2 

CHI Both C   Other Clusters 

CHI Both V   

DER Both     

GER Both     

GYN Both     

INT Acute     

INT Elective     

KAA Both     

KNO Acute     

KNO Elective     

LON Acute   Cl 1 - Cl 2 

LON Acute  Cl 3 

LON Acute   Other Clusters 

LON Elective     

MDL Acute     

MDL Elective     

NEU Both     

OOG Both     

ORT Acute     

ORT Elective     

PLA Both     

REU Both     

URO Acute     

URO Elective     

2BC Acute     

2BC Elective     

2D Acute     

2D Elective     
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Appendix H – Isolation 
Within the original data there could not be subtracted if a patient is in need of a single 

room, therefore this has to be calculated by hand. This is done based on two factors, the 

first factor considers the occupancy of the single rooms throughout the year. It is assumed 

that a patient placed in a single room also needed to be placed in a single room. In practice, 

however, there are differences throughout the year, when the bed occupancy rates are 

higher a patient is sooner placed on a two-person room than a single room, while a single 

room would be better for the patient. The second factor takes the additional blocking into 

account, there is tracked for which reasons a bed is blocked, in Table 48 there can be seen 

for which reasons it is decided is a bed is blocked to create a single room. However, not all 

reasons where nicely coded, so the others are read by hand and classified into one of the 

descriptions.   

Table 48. Descriptions for blocking a bed 

Description Single room 

required? 

Description Single room 

required? 

Nurse Occupancy No Cleaning room No 

Reservation take-over another 

hospital  

No Isolation patient Yes 

Patient to IC/CCU No Maintenance room No 

Social conditions Yes Reduction period No 

Privacy Yes Dummy-patient No 

Reservation take-over other 

department 

No Reservation take-over 

foreign hospital 

No 

Terminal care Yes Patient died Yes 
 

This is done for the year 2016 and 2017, the sum of the number of single beds occupied 

and the beds blocked on average per month is divided to the total of beds occupied, which 

gives a percentage for each month. During the months the capacity of single bedrooms in 

the regular departments increased from 24 to 28. Throughout the months not much 

differences are seen in the percentages, therefore is decided to take an average throughout 

the months based on the two years. In Table 49 and Table 50 the results can be seen, 

which leads to 20% of the patients within the clinical department that need to have a 

single room, 9% of the short stay departments and 18% of the daycare departments.  

Table 49. Percentage of single rooms needed based on the occupied beds, 2016 

2016 Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

Regular Departments 18% 19% 17% 18% 19% 20% 19% 18% 19% 20% 19% 21% 

Short Stay Department 12% 13% 13% 12% 13% 12% 11% 11% 12% 14% 12% 15% 

Day Care Departments 19% 19% 17% 17% 18% 17% 17% 20% 18% 18% 18% 19% 
 

Table 50. Percentage of single rooms needed based on the occupied beds, 2017 

2017 Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

Regular Departments 18% 19% 20% 19% 23% 20% 20% 22% 22% 20% 20% 21% 

Short Stay Department 6% 7% 9% 6% 7% 8% 4% 1% 8% 7% 10% 6% 

Day Care Departments 19% 17% 18% 18% 17% 18% 15% 14% 17% 17% 17% 17% 
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Appendix I – Calculation FTE nurse 
The calculation for the FTE nurses is based on the nurse-patient ratio described in 

Appendix A. and the gross – net formation calculation. Both aspects will be described in 

this appendix and furthermore the FTE nurses for the current situation is described on 

the three different levels. 

In Appendix A the nurse-patient ratio for each shift is already described for the general 

departments. Most shifts are 8 hours, only the nightshifts are 9 hours. For department 

2B, 2C and department 2D only the ratio for the day with most nurses is used. However, 

for this calculation the ratio based on the actual nurses needed each day is being used. 

Based on the number of operational beds the number of nurses needed for each shift are 

calculated based on the nurse-patient ratio. The ratio is rounded to half nurses. Which is 

in practice solved with shuttle services. Based on the hours of a shift the total number of 

hours nurses are needed each day are calculated. Finally, based on the number of days in 

a year the total number of hours nurses are needed in a year is calculated. When the 

operational beds differ throughout the year this can also be taken into account in the 

calculation. 

The gross-net formation calculation consists of several aspects. Firstly the gross 

calculation is made, which is based on the number of hours an FTE works per year. A 

nurse contract is for 36 hours in the week. To come to the net amount of hours the 

following aspects are reduced from the gross hours: special leave, compensation for free 

holidays, study days, leave of absence, and holiday hours. This results in a total of 1607.94 

hours for 1 FTE. When the total hours of nurses needed throughout a year is divided by 

1607.94, the number of FTE nurses needed remains.   

In Table 51 the results are visible for the departments individually, the general 

departments in total and the hospital in total.  

Table 51. FTE nurses 2017 

Department Number of FTE 

1B 15.82 

1C 15.82 

3A 16.60 

3B 14.05 

3C 11.09 

3D 12.64 

4Alg 24.50 

Regular Departments 110.53 

Short Stay Department 12.75 

Day Care Departments 13.15 

Total Hospital 136.43 
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Appendix J – Scenario 2, physic possible 
In scenario 2 a flex department is added to the regular departments with flex beds to 

reduce the misplacement of patients. The flex department is only for diagnostic 

specialisms, while the surgical specialisms stay at floor 1. Departments 3B, 3C and 4Alg 

reduce beds to create this flex department. To make this scenario physical possible 

already, department 4Alg needed to hand in 1 single room to department 3A. 

Furthermore, no additional single rooms are created. The deviation of the departments 

over the different floors is the same as described in Chapter 8, floor 1 consists of 

department 1B 1C, floor 2 of 3A, 4Alg, 3C, 3D and floor 4 of 3B and the Flex department. 

Here, only department 3B and 4Alg need to switch. At department 3A, there is also still 

room available for 4 harmonica beds. In Table 52 and Table 53 an overview can be seen 

of the number of operational beds needed and the number of rooms. 

Table 52. Allocation operational beds - Scenario 2 - Physical 

possible 

 Cl 1 Cl 2 Cl 3 Cl 4 Cl 5 Average 

1B 1C 44 44 43 43 43 43 

3A 19 19 19 19 19 19 

3B 16 16 10 10 10 12 

3C 10 10 10 10 10 10 

3D 16 16 16 16 16 16 

4Alg 27 27 27 27 27 27 

Flex 18 20 16 10 13 15 

Total 150 152 141 135 138 142 
 

Table 53. Number of rooms - scenario 2 - 

Physical possible 

 # 4p #2p #1p Total 

1B1C 6 6 8 44 

3A 3 4 3 19 

4Alg 4 4 3 27 

3C 1 2 2 10 

3D 0 6 4 16 

3B 2 3 2 16 

Flex 2 3 6 20 

Total 18 28 28 152 
 

 

The overviews represented in Table 52 and Table 53 are the input for the simulation. The 

simulation is run for one year of data. In Table 54 the results of the simulation are shown. 

The first two performance indicator score the same as in scenario 1. However, the third 

performance indicator does improve on both fields. The fourth performance indicator, 

decreases, because physical capacity is given priority over nurse capacity. 

Table 54. Results simulation – Scenario 2 (1 year) – Regular departments 

 KPI I, bed 

occupancy 

(excl. 

harmonica) 

(%) 

KPI II, 

rejection 

rate (excl. 

harmonica) 

(%) 

KPI III, 

Placement 

(placed 

correctly) 

(%) 

KPI III, 

Placement 

(‘first time 

right’) (%) 

KPI IV, 

Nurse 

capacity 

(FTE) 

Scenario 1 (1 year) 88.1 3.7 93.8 63.7 110.1 

Scenario 2 (1 year) 88.1 3.7 95.3 67.5 111.3 

Difference 0 0 +1.5 +3.8 +1.2 
 

In Table 55 an overview can be seen of the number of the FTE per department. 
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Table 55. FTE nurses needed per department 

Current Situation Scenario 2 

Department FTE Department FTE 

1B 15,82 1B 33,4 

1C 15,82 3A 15,1 

3A 16,60 3B 9,27 

3B 14,05 3C 7,91 

3C 11,09 3D 12,64 

3D 12,64 4Alg 21,32 

4Alg 24,50 Flex 11,71 

Tot 110,53 Total 111,31 
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Appendix K – Single rooms 
The Elkerliek experiences a deficiency of single rooms within the regular departments. 

When analyzing the rejections of the current situation for the regular departments, there 

can also be seen that this is mostly because an isolation patient cannot be placed. The 

regular departments currently have 28 single rooms in total and a rejection rate of 8.1% 

for the isolation patients. To calculate the number of single room needed the Erlang Loss 

formula is used. The isolation patients are subtracted from the created final list to first 

confirm if the arrivals are Poisson distributed. The ratio of the variation divided by the 

mean goes from 0.97 to 1.07, which implies Poisson distributed arrivals. Furthermore 

there has to be confirmed if the LOS is independent and identically distribution with 

expectation µ. This is done by looking at the coefficient of variation which is the standard 

deviation divided by the mean. This ratio differs from 0.73 to 1.12, which implies that the 

LOS is highly variable. Therefore it is concluded to use the Erlang Loss formula. The 

calculations are done on a yearly basis, since when analyzing the isolation percentages no 

seasonal influences could be seen. In Table 56 the results are visible for the departments 

individually and the regular departments in total for a rejection rate of 2%, 5% and 10% 

and the belonging occupancy rates. 

Table 56. Single rooms needed regular departments 

Department 

Number of beds needed 

with a rejection rate of 

Occupancy rates with a 

rejection rate of 

2% 5% 10% 2% 5% 10% 

1B 1C 13 11 10 52.9% 58.6% 63.3% 

3A 7 6 5 35.5% 40.0% 45.2% 

3B 7 6 5 35.6% 40.2% 45.7% 

3C 6 5 5 32.4% 37.5% 40.3% 

3D 6 5 5 33.2% 38.2% 42.6% 

4Alg 9 8 7 44.1% 49.1% 54.4% 

Total 48 41 37    

Regular 

Departments 
29 26 23 69.7% 74.8% 80.0% 

 

Analyzing the results shows that 29 single rooms are necessary for a rejection rate of 2% 

when all patients would be centralized. However, in total 48 single rooms would be 

necessary when decentralizing the patients. The Elkerliek works with a combination of 

both, since patients are allocated to a specific department, but when there is no single 

room available there, the patient is placed at another department. Therefore, to decrease 

the rejection rate of isolation patients the number of single rooms should at least increase 

with one, but preferably more to make the allocation possible and to decrease the rejection 

rate even more. Furthermore, when only a single bed is available and a patient that does 

not need to be isolated is placed at the single room. Therefore, the rejection rate of 8.1% 

does not match the results of the Erlang Loss formula. For the simulation an increase of 

4 single beds is chosen, to give each department enough single beds and to already create 

some additional flexibility.  
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Appendix L – Admission ‘without’ bed at day care 

departments 

 

Figure 38. Average current number of arrivals per day for 

the day care departments - No reduction week 

 

Figure 39. Average current number of arrivals per day 

for the day care departments - Reduction week 

 

Figure 40. Average number of arrivals per day for the day 

care departments when including admissions 'without' bed 

- No reduction week 

 

Figure 41. Average number of arrivals per day for the 

day care departments when including admissions 

'without' bed - Reduction week 
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Figure 42. Average current bed occupancy per hour of the 

day for the day care departments - No reduction week 

 

Figure 43. Average current bed occupancy per hour of the 

day for the day care departments - Reduction week 

 

Figure 44. Average bed occupancy per hour of the day for 

admission 'without' bed - No reduction week 

 

Figure 45.Average bed occupancy per hour of the day for 

admission 'without' bed - Reduction week 
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Appendix M – Scenario 5: 1 year 
The firth scenario admission ‘without’ bed is executed as consecutive to scenario 2 next to 

scenario 4. For the Elkerliek combining the short stay department with the regular 

department might not be an option directly, while admission ‘without’ bed while keeping 

the regular departments and short departments would. Therefore, the number of 

operational beds is calculated for this scenario, because the LOS is slightly shorter. Again 

the Erlang Loss formula is used, there are only small distinctions compared to scenario 2. 

The number of operational beds and the rooms are visible in Table 57 and Table 58. 
 

Table 57. Allocation operational beds - Scenario 5 - 1 year 

 Cl 1 Cl 2 Cl 3 Cl 4 Cl 5 Average 

1B 1C 44 44 42 42 42 43 

3A 18 18 18 18 18 18 

3B 16 16 10 10 10 12 

3C 10 10 10 10 10 10 

3D 16 16 16 16 16 16 

4Alg 28 28 28 28 28 28 

Flex 18 20 16 10 13 15 

Total 150 152 140 134 137 141 

 NRW RW S Average   

2D 22 15 0 19  
 

Table 58. Number of Rooms - Scenario 5 - 1 year 

 # 4p #2p #1p Total 

1B1C 6 6 8 44 

3A 3 4 2 22 

4Alg 4 3 6 28 

3C 1 2 2 10 

3D 0 6 4 16 

3B 2 3 2 16 

Flex 2 2 8 20 

Total 18 26 32 156 

2D 3 4 3 23 

Total 21 30 35 179 
 

 

The overviews visible in Table 57 and Table 58 are the input for 1 year of simulation. 

Analyzing the results in Table 59 shows that also admission ‘without’ bed would be an 

improvement on scenario 2 because the average bed occupancy, the rejection rate and the 

number of FTE needed all decreased.  
 

Table 59. Results simulation - Scenario 5 (1 year) - Regular & Short Stay 

 KPI I, bed 

occupancy 

(excl. 

harmonica) 

(%) 

KPI II, 

rejection 

rate (excl. 

harmonica) 

(%) 

KPI III, 

Placement 

(placed 

correctly) 

(%) 

KPI III, 

Placement 

(‘first time 

right’) (%) 

KPI IV, 

Nurse 

capacity 

(FTE) 

Scenario 5 (1 year) 85.4 3.6 95.5 67.2 122.4 

Scenario 2 (1 year) 82.7 1.2 93.0 81.6 121.9 

Difference -2.7 -2.4 -2.5 +14.4 -0.5 

 

The results represented in Table 59 show that the misplacement of the patients is 

increased, which does not match the expectation. Therefore, it is concluded that probably 

something went wrong during the simulation in this scenario. 
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Appendix N – Combining day care and short stay 

departments 
In this appendix an additional scenario is analyzed based on historical data instead of 

using the simulation, as already discussed in Paragraph 8.7. The historical data is an 

overview of the number of beds occupied on department 2B, 2C and 2D for each hour of 

the day in 2016 and 2017. Department 2B and 2C in total consists of 40 beds and is open 

on weekdays from 7:15h till 20:00h. Department 2D has 23 beds and opens Monday at 

8:00h and closes on Saturday at 15:00h. During the analysis the number of occupied beds 

are summed for department 2B, 2C and 2D for each hour of the day. In Figure 46 there 

can be seen how often a number of beds is occupied in ranges from 1 to 5 till 61 to 63 beds 

per hour of the day. In Figure 47 there can be seen how often a number of beds is occupied 

in the same ranges on the highest point of the day.  

 

Figure 46. Bed occupancy when merging department 2B, 

2C, 2D - hourly basis 

 

Figure 47. Bed occupancy when merging department 2B, 

2C, 2D - the highest point of the day 

Analyzing the figures shows that on hourly basis most of the time 16 to 20 of the 63 beds 

are occupied. However, when comparing the highest point of the day, mostly between 41 

and 50 beds of the 63 beds are occupied. In 2016 and 2017 it never occurred that all 63 

beds are occupied. Analyzing the results indicates that enough physical capacity is 

available, and that fewer beds are necessary in total for the departments 2B, 2C and 2D. 
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Appendix O – Results number of beds blocked visualized 

 
 

 

 

Figure 48. Average number of beds blocked per day of the year to create a single room 
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