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Abstract: Inefficient inpatient flow management leads to overcrowding and patients have to wait for a long period of time in 
emergency departments (EDs). It consequently causes a critical issue that delays ED patients admitted to inpatient units 
(IUs), known as ED holds. Patients from operating rooms (ORs) are also admitted to IUs. Hence, there are often a large 
number of inpatients concurrently admitted from ED and OR to IU in a hospital. It is very important to reduce the delay of 
patient flow process because of its strong correlation with patient satisfaction, staff satisfaction, safety, and profit margins. In 
this study, we develop a patient flow model using discrete event simulation based on the actual statistics of a partner hospital. 
The objective of this study is to investigate patient flows by reducing the number of ED holds and redesigning OR scheduling 
simultaneously. The experimental results show that ED holds can be reduced up to 20% in our redesigned OR schedules 
based on inpatient bed discharge patterns.  
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1. Introduction 
 
Emergency department (ED) overcrowding is one of the nationwide critical issues faced by hospitals. There is an 

increasing demand for emergency services that creates a need to manage demands efficiently. A few reports have noted that 
ED has unsuccessfully managed increasing demands for emergency services, which leads to ED overcrowding (Trzeciak et 
al., 2003; Medeiros et al., 2008). ED overcrowding occurs when patient volume exceeds the capacity of a hospital to provide 
patient care causing lowering of quality of care. Symptom of ED overcrowding can be seen when large number of patients 
are waiting to be admitted to an inpatient bed. Since ED overcrowding has been found to be a threat to patient safety, many 
researchers have studied ways to reduce the number of patients waiting in ED.  

It has been reported that managing inpatient unit (IU) capacity is one of the critical factors in patient flow 
management. Inpatient beds are shared with patients from operating room (OR) and ED, such that it becomes important to 
focus on system wide process rather than focusing solely on ED to resolve overcrowding issue. Patients wait in ED if an IU 
bed is not available. Patient’s waiting in ED leads to higher costs of patient’s stay even if patients do not need such costly 
care. Potential solutions could arise in order to eliminate number of patients waiting for an inpatient bed and improve patient 
flow. Discrete event simulation (DES) helps in testing potential solutions and their impact on patient flow. This study 
concentrates on redesigning OR scheduling pattern in order to reduce number of patients waiting to get a bed in IU. 
Scheduling pattern will help in aligning the OR patients being admitted to IU with discharge pattern in IU. 

DES modeling has been widely employed in improving processes in the health care sector (Medeiros et al., 2008). 
By simulating complex processes in health care delivery system, patient flow can be improved and overall hospital costs can 
be reduced. Generally, ED and OR are the most critical resources in a hospital, which makes the need for continuous process 
improvement a higher priority. Interactions between ED and OR processes act as bottleneck in health-care delivery. Hence, 
developing a simulation model which incorporates all of ED and OR processes and their interactions with each other seems 
to be a good research area. Moreover, not much research has been done using DES incorporating all the processes. .  

In this study, the goal is to reduce the number of patients waiting and their waiting time for bed placement without 
considering other additional resources. We redesign an OR scheduling based on discharge pattern of inpatient beds. The 
experimental process consists of three major phases as follows: (1) develop a simulation model of the hospital where ED and 
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