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form, which is the starting point in the flow of operations. Once the requisition form is assessed and accepted 
by the department, the process of scheduling and resource assignment begins. Figure 3 presents a UML activity 
diagram for the elective patient requisition assessment and resource assignment process.  

 

Figure 3. UML Activity diagram for elective patient requisition assessment and resource assignment process. 
 

4. OPTIMIZATION METHODS IN A SYSTEMATIC APPROACH 

Optimization methods are applied to analyze the complexity of system inputs, processes and outcomes with 
specific constraints to provide the best possible solution for a given problem. There are wide ranges of 
methodologies which are in the domain of operations research that arrive at optimal or near-optimal solutions 
to complex decision-making problems (Cardoen et al., 2010). Figure 4 presents a summary of optimization 
techniques commonly used in healthcare systems. 
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Figure 4. Optimization techniques in healthcare. 

 
Specific details and mathematical articulations of these techniques largely depend on a particular case. The 
systemic approach has been applied to the problem of optimal scheduling in the IGT department. A scheduling 
unit in the department is an appointment which is characterized by planned start time, actual start time, planned 
end time and actual end time, depending on the complexity of a required interventional procedure. A heuristic 
scheduling process used in the department follows “first-come, first-served” (FCFS) principle provided there 
is an available time slot on a given day. A preliminary static schedule is available at the beginning of the day 
for two categories of patients (i.e., outpatients and inpatients). A dynamic change to the daily schedule is made 
as the necessity arises during the day, and it may affect any type of patients. The appearance of emergency 
cases causes the adjustment of the daily schedule. Several optimization techniques have been investigated in 
the study regarding such time-based performance measures as patient wait time, idle time of doctors and nurses; 
idle and turnover time of equipment and staff overtime. However, the complexity of the IGT environment and 
the diversity of procedures performed by the staff do not make the departmental operations fully suitable for 
the case as the optimization could not be achieved for all performance indicators concurrently, and an optimal 
schedule should somehow compromise them. 

5. DISCUSSION AND CONCLUSIONS 

The systematic approach presented in this paper is based on a thorough study of the flow of operations of the 
healthcare provider and identification of all of the actors involved in the operations, and management decisions 
to be made at each hierarchal level (i.e., strategic, tactical, and operational). Different patient types and their 
characteristics need to be taken into account, especially when selecting the set of performance measures and 
scheduling variables most suitable for the problem at hand. It is also desirable to have uncertainty 
characteristics of various actors and operations incorporated into the scheduling algorithms. 

The IGT department deals with all categories of patients listed in sub-section 2.3 and applies different types of 
scheduling (i.e., in blocks of resources and open, allocation and advance). Their scheduling decisions can be 
viewed from each of the three perspectives (i.e., patient, discipline and medical practitioner). As the study 
demonstrated, none of the investigated optimization algorithms was able to minimize the schedules with regard 
to all selected time-based performance criteria. Each algorithm generated schedules which are more efficient 
from the perspective of a single performance indicator and, as such, can be more preferable for different actors: 
departmental or hospital administration, patients or medical staff. It is possible to assume that specific features 
of the IGT (i.e., multi-server environment and variable-length blocks) make the optimization of resource 
management in the department a complex non-trivial problem which most likely cannot be solved by a single 
algorithm and calls for a hybrid approach combining several optimization techniques. This issue will be a topic 
for our future endeavours.   
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