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Extended abstract 

1. Flexibility at Hospital Decision Support 

The health care system and hospitals are facing unprecedented challenges and particularly a 

serious economic pressure. In order to survive in this difficult market, hospitals are forced to 

find new ways to make their processes more effective and use their existing resources more 

efficiently. Especially, the bed management has a huge impact on the performance of a 

hospital. Patient numbers are rising because of the demographic change of the society and 

higher rates of elderly people, while bed capacity is constant or decreasing. To face these new 

challenges, a hospital has at least two opportunities. The first opportunity consist of an efficient 

use of existing bed capacities which is sometimes crucial to the economic survival of hospitals. 

Here, computer-assisted decision support systems may help by simulating scenarios of patient 

flow scenarios with higher elective patients’ admission (and endogenous, stochastically 

determined emergency patients’ rates) under higher bed utilization and by optimization of 

operations, patient admission and pathways under highest rate of resource utilization. But this 

may be not enough in case of tight/narrow resources. The second but costly alternative action 

for a hospital is to invest in new beds and infrastructure in order to increase its capacity which 

results in high cost for acquisition and maintenance. Furthermore staff costs would rise because 

the number of beds and the amount of needed staff are linked. Due to enormous economic 

pressure, this is mostly not possible for hospitals.  

Our research is motivated by finding ways to resolve these challenges and difficulties in case 

of very narrow hospital resources without resort to high hospital investment (second 

alternative) and is based on the idea of the flexible use of existing resources: We augment 

the first opportunity of decision support systems by simulation and optimization with 

flexibility of resource usage under respecting all expert rules and constraints governed by 

hospital medical and organizational needs. The idea of flexibility arose because of observed 

occupancy peaks at wards while other wards still had idle capacities. These peaks are observed 

throughout the whole year. Most of the time these peaks only lasted for a couple of days within 

each month (see Fig 1 in the appendix). Because of this short duration, it is hard to develop 

strategies for dealing with this occupancy peaks.  

Through direct communication between researchers and hospital management several case 

studies were developed. In our research we develop several strategies to implement flexibility 

in ward and bed management. The hospital management was responsible for the organizational 

framework. It is important to note, that flexibility should be tightly linked to compliance in a 



hospital. These compliance rules are professional compliance regarding treatment issues, as 

well as location, operational and organisational compliance with respect to hospital and wards. 

This paper shows case studies of decision support using simulation and optimization in the way 

mentioned above under flexibility of resource usage. We designed a decision support system 

unifying all such case studies into a hospital wide concept for a decision support system for 

hospitals including simulation and optimization components (see Fig. 2 in the appendix). Our 

decision support tools are based on a wide range of standardized data of hospitals (e.g., one 

year). These so-called §21-data include information about all treatments and ward traversals of 

patients with their stays (collected for accounting and documentation issues). In order to get 

accurate and sufficiently precise and practically validates simulation and optimization results, 

the §21-data of at least one year are used to mine clinical pathways (CP) by developing 

specialized algorithms pathways mining (Helbig[Schwarz], Römer, Mellouli 2015).  

In respect to our decision support concept, CPs and data/parameter gathered from them are 

used to build optimization models in order to make decisions, e.g., of elective patient 

admission, under setting occupancy rates. Furthermore, these pathways are utilized to develop 

simulation models to evaluate the decisions and to investigate long-term effects of decisions on 

strategical level. Additionally our goal is to find a good trade-off between independent hospital 

ward organisation and a full flexible form of hospital ward and bed management. From a 

capacity point of view independent ward organisation led to occupancy peaks on several wards 

and the number of waiting or rejected patients is rather high. On the other hand, a full flexible 

approach distributes the occupancy peaks evenly among the wards and the number of waiting 

patients decreased to zero. To find a good trade–off between these findings and endeavour a 

practically acceptable strategies in hospitals, we investigate several strategies to increase 

flexibility while insisting on respecting constraints and rules based on a full compliance to 

medical needs and to ward and hospital organisational issues.  

2. Simulation Studies 

The first case study (Helbig[Schwarz], Mellouli, Stoeck, and Gragert 2014) deals with data 

analysis of one-year’s data of a university hospital, development of a valid simulation 

system, and the simulation of scenarios as a first attempt to increase flexibility in bed 

management. Because of the introduction of the German Diagnosis Related Group system (G-

DRG) some major changes for hospitals occurred in Germany. Based on these groups the 

billing system of hospitals changed significantly and the economic pressure rose dramatically. 

Furthermore hospitals were forced to collect and transmit standardized case data. These data 

are firstly used to improve the G-DRG-System, and secondly they are fundamental for further 

analysis of clinical pathways and performance of hospitals. CP form sequences of ward stays 

and treatments to be performed during a patient’s hospitalisation under consideration of all 

relevant resources like beds, staff and moveable medical equipment. Through this analysis, it is 

possible to find rules for patient arrivals, length of stay and internal transfers of patients and to 

calculate empirical distributions based on these rules.  

Based on these findings simple, yet sufficiently detailed, pathways are constructed in order to 

build a hospital wide simulation model (see Fig 3 in appendix). Additionally this model 

supports internal capacity decisions which are inspired by decisions made in operational use. 

This is a concept, which distinguish the presented model from other simulation-based 

approaches in the state of the art. One important milestone of this case study is the validation 

of the model for hospital wide data over one year. We notice that empirical distributions 

generated from standardized data are accurate enough to model reality in a strategical context 

(see Fig 4 in appendix). With the help of a validated simulation model we are able to 

investigate several ideas in order to promote flexibility in hospital ward and bed management. 



A first approach to improve flexibility was the opportunity to lend idle bed capacities 

between nearby wards (in this primary step without consideration of treatment needs of the 

patient). A key performance indicator of this scenario is the average waiting time until a patient 

is transferred to his desired ward. With the opportunity to use idle capacities from other wards, 

the waiting time decreased up to ten hours. On the other hand a feared disadvantage for some 

wards did not occur. Another possible way to improve flexibility was to pool capacities from 

intensive care and intermediate care wards. The findings are similar to the first scenario. 

The waiting time for transfers decreased significantly. Furthermore, occupancy rates of some 

hospital wards are rising while other wards with a high initial occupancy rate notice a decrease 

in their utilization. Additionally the presented model shows a decrease in occupancy 

bottlenecks because of a more flexible use of resources. This was a first step towards new 

thoughts about flexibility in ward and bed management (see Fig 5 in appendix). 

Further discussions with the management of a university hospital led to the concept of ward 

occupancy cluster in hospitals in order to incorporate medical needs as well as hospital and 

hospital wards’ organisational issues within the flexibility approach. In general, this introduces 

a new improved version of the opportunity to lend idle capacities with respect to organizational 

and treatment based restrictions. In (Helbig[Schwarz], Stoeck and Mellouli 2015), a Generic 

Simulation-Based DSS in Simio (“generic” by using Simo-Object-based paradigm) is 

developed that enables to evaluate flexible ward clusters in hospital occupancy management.  

Basically an occupancy cluster is a union of wards that nurses similar patients. Each cluster 

will contain a number of wards. Within a cluster all kinds of patients could be nursed by each 

containing ward. For example a surgery cluster contains all hospital wards dealing with 

surgeries (e.g. heart surgery, thoracic surgery and plastic surgery). At first, every ward tries to 

use its own beds. If there is no more capacity for another patient, this patient will be admitted 

to another ward of the cluster that has available capacities. In theory this approach should be 

able to distribute utilization peaks evenly between wards.  

Two major key performance indicators are investigated in simulation studies in order to 

evaluate this strategy. In general we analyse the utilization rate and the number of waiting or 

rejected patients. The evaluation of this strategy shows that occupancy cluster are able to 

distribute occupancy peaks (see Fig 6 in appendix). The peak utilization of the wards did not 

rise above 100%. Moreover, the number of waiting or rejected patients decreases signifi-

cantly. The performance of this indicator depends on the evaluated cluster configuration. 

However, it should be noted that every cluster configuration studied significantly improves the 

status quo. This is a clear indication that even limited flexibility is better than no flexibility at 

all. Note that the location of the wards can be included in this approach in order to smoothen 

the utilization of other resource like staff and moveable medical tools. 

3. Optimization Studies 

Previous case studies aimed at an improvement of operations under flexibility from simulation 

perspective including stochastic data for emergency cases and a capacity related point of view. 

Another way to improve flexibility is to optimize the treatment of patients with their 

clinical pathways based on daily planning of treatments (Schwarz, Römer, and Mellouli 

2016). The model includes several planning issues including changing times of patient 

admission and hospital stays and variation of their pathways through the hospital wards 

depending on their treatment programms. This study proposes a hierarchical integer linear 

programming (ILP)-based approach for the tactical day-level scheduling of clinical pathways. 

The approach uses a multi-criteria objective function considering several patient- and hospital-

related aspects and allowing to employ our approach in various scenarios. Furthermore, 

compared to other approaches, it considers several compliance constraints and rules.  



This approach is evaluated with real-world data from a German university hospital 

showing that our approach is able to solve instances with a planning horizon of one month 

exhibiting 1088 treatments and 302 ward stays of 286 patients. Our computational experiments 

show that the mathematical programming solution tool using high performance Solvers is 

capable of obtaining high-quality solutions within a reasonable amount of time for a tactical 

planning problem. Furthermore, the detailed evaluation shows that the model is capable of 

considering different scenarios such as achieving a smooth allocation of resources over the 

planning horizon and establishing a high resource allocation in the beginning of the horizon.  

In the first scenario, the hospital aims at establishing a smooth resource allocation throughout 

the planning horizon. A smooth resource allocation establishes a similar level of flexibility 

to react to emergency cases on each day of the planning horizon. In the second scenario, the 

hospital aims at establishing a high resource utilization at the beginning of the planning 

horizon. On the one hand, shifting workload into the near future provides more scheduling 

flexibility for the more distant future to cope with uncertainties, e.g. due to complications and 

emergencies; on the other hand, this flexibility enables the hospital to seize opportunities for 

admitting a higher number of elective patients in the future. 

4. Towards a higher compliant flexibility 

Figure 7 shows the classification of the presented case studies according to an increasing 

flexibility research line and some research opportunities. As noted before we shall combine the 

ward occupancy cluster approach with a consideration of locations of the hospital wards. This 

is the first step in order to improve the performance of our approach. Another possible way to 

improve performance of such a cluster configuration is to weaken the organizational 

restrictions. Several given cluster configurations from the hospital management implies that 

there are no strict medical reasons for a special cluster configuration or for a strict border 

between occupancy cluster. From a research point of view, it is possible to determine a 

possible softening of organizational restrictions in several ways. Regarding different cluster 

configuration, one possibility is the determination of intersection set of occupancy clusters, 

termed as core-cluster (or clique). By investigating further connections inside a cluster 

configuration, it is possible to calculate additional connections between core clusters. 

A second possibility to weaken strict, but not necessary, organizational restrictions is 

calculating the similarity or dissimilarity of hospital wards based on their range of 

diagnosis and treatments. First experimental results show that we are able to quantify the 

pairwise similarity between wards and to select a threshold of similarity, resulting in a 

treatment similarity matrix for hospital wards. Both approaches (intersection of clusters of 

different configurations and similarity matrix) allow us to break out the strict delimitation of 

our classical cluster structure. This approach supports soft delimitation based on the hospital 

situation. Regarding this, a quasi-cluster structure within a similarity relationship graph is 

proposed to support the resource allocation process: Figure 8 shows the resulting relationship 

graph of a cluster configuration with break out relations. If one cluster is fully occupied we 

are then able to use capacities of other clusters by utilizing these break out relations. Graph-

theoretically, we have a dependency graph of cliques with few inter-cluster connections.  

With the help of this concept, flexibility regarding hospital ward and bed management can 

be significantly improved without fully neglecting organizational restrictions and acceptancy of 

ward medical staff. Besides this, a further flexibility dimension can be added to our concept: 

If there is a case of an epidemic spread or of a huge accident, the cluster delimitation can be 

further softened in order to treat higher patient rates. Thus, for hospital wide emergency 

situations, the cluster structure can be easily updated using pre-calculated ward similarities by 

increasing softening degrees resulting in temporarily more connected core-clusters: flexibility2. 
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Fig. 1 Used Beds per Day 

 
Fig. 2 Hospital Wide Decision Support Concept 

 

Fig. 3 Clinical Pathways within a valid Simulation 



 

Fig. 4 Validation Results of one-yerar data Simulation 

 

 

Fig. 5 Results of Case Study 1 

 

Fig. 6 Results of Case Study 2 



 

Fig. 7 Classification of present and future Methods in a flexibility context 

 

 

Fig. 8 Relationship Graph for a hospital with quasi-cluster Structure 
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