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ABSTRACT
Emergency Departments (EDs) are experiencing significant crowding in response to the
recent trends of decreasing facility resources and increasing patient volumes (Pitts, Niska, Xu &
Burt, 2006). To manage this increase in demand, process improvement techniques have become
a prevalent initiative for hospitals, including the use of simulation. In this thesis, a list of best
practices has been formed, in which two were selected for further analysis: provider at triage and
bedside registration. The goal of this simulation is to provide a simple and effective tool for
aiding the decision making process of adding best practices.
First, a baseline simulation model was created to show the current process and resulting
performance measures. The ED will have the ability to enter their input parameters to align the
model with their specific constraints such as personnel scheduling, processing times, etc. Once
the baseline model has been verified to match the EDs process, the addition of models for the best
practices will be used to predict the overall effect of the best practice improvement on the system.
Performance measures of interest will include times such as: door to triage, door to bed, door to
doctor, and length of stay; as well as resources utilizations and patient throughput.
These simulation models have been applied to Williamsport Regional Medical Center
(WRMC). This hospital is currently reconfiguring its ED and wants to analyze their processes for
potential areas of improvement. Inputs were provided by WRMC and were entered into the
simulation model to accurately model their current process. The use of the bedside registration
best practice model will be used to determine the benefits of implementing this process instead of
a full registration after triage; as well as determining which areas in the process bedside
registration should be implemented for improved results. The provider at triage best practice
model will be used to determine its effect on the EDs performance measures.
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Chapter 1

INTRODUCTION

1.1 Motivation
This motivation for this paper is centered about the growing healthcare crisis, and how
simulation can be used for process improvement. In the U.S., hospital emergency departments
(EDs) are experiencing both an increase in patient volume and a decrease in available resources.
Due to these trends, patients are experiencing long waiting times, and some patients are leaving
without being treated. In a national survey, 91% of sampled ED staff responded that crowding
was an issue (Institute of Medicine, 2007). To answer this crowding problem, hospitals have
implemented process improvement projects to create a more efficient process.
The Williamsport Regional Medical Center (WRMC) is an example of a hospital that is
striving to increase their efficiency and improve their benchmark patient processing times. Due to
a new ED expansion project, WRMC is interested in performing an analysis to determine the
impact certain best practices will have on their process.

1.2 Scope
The intention of this research is to create a simulation tool that can be used to improve an
emergency department‟s patient flow. Simulation can be used to understand the potential impact
of a process improvement project without wasting resources. Creating an accurate representation
of an ED through simulation and modifying the process to include the best practices will help
EDs to make decisions on whether or not to implement these practices based on the observed
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results. These best practices have the goal of increasing the efficiency of an ED through reduced
time it takes for a patient to see a doctor, as well as their length of stay.
Two of the best practices common across hospitals are bedside registration, and having a
provider at triage. These two developments have been useful for many EDs, and should be
considered for hospitals attempting to improve their process. Bedside registration allows for the
ED to eliminate the formal registration process before the patient enters a room. Registering in
the patient‟s room has the potential to use waiting times as the patient is waiting for a doctor or
nurse as a value-added process. The provider at triage practice has a physician that can treat
simple complaints without the patient taking up a space in the treatment area of the main ED.
This allows patients with low acuity to be treated quickly and discharged directly from triage, and
will also free up resources in the main ED.
To test the simulation model, the model will be utilized with WRMC‟s current process to
determine the estimated impact that the best practices have on the performance measures of
interest. Results and recommendations will be analyzed based on the best practice process
changes.

1.3 Objectives
The objective of this research is to create a simulation tool that will aid emergency
departments with the decision making process of adding best practices. Another objective is to
test the simulation tool by applying the best practice models to a hospital ED.

3
1.4 Organization
Chapter Two of this thesis presents a Literature Review of patient crowding issues, as
well as a summary of best practices implemented within EDs. In addition, a detailed discussion of
past work in ED simulation used for process improvements is presented. Chapter Three is a
detailed discussion of the logic behind the overall, triage, treatment area, and fast track simulation
models; as well as the bedside registration and provider at triage best practice models. This
chapter also outlines how the logic is translated into simulation models in the Simio simulation
program. Chapter Four describes the experiment used in the simulation model, and summarizes
the analysis of the best practice models used for WRMC‟s ED. Recommendations for the WRMC
study are provided in this chapter as well. Finally, Chapter Five summarizes the results, and
discusses the potential areas of future work on this topic.
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Chapter 2

LITERATURE REVIEW

2.1 Emergency Department Crowding
Emergency Departments, or EDs, have always been the provider of urgent care for
people. However, recent trends including an increase in patient volume and decrease in ED
resources has created a crowding problem in many of the nation‟s emergency departments. In a
national survey, 91 percent of EDs reported crowding as a problem; and almost 40 percent of
hospitals reported that crowding occurred on a daily occurrence (Institute of Medicine, 2007).
In a 2001 survey, Emergency Department directors were asked about their opinion of
emergency department crowding. The main causes were found to be the increasing patient acuity,
shortage of hospital beds, increasing patient volume, and laboratory delays. Although 30% of the
surveyed directors claim that crowding has always been an issue in their EDs, about 52% claim
that crowding has been a developing problem that has gotten worse within recent years.
Crowding was found to be defined as patients waiting more than an hour to see a physician,
patients placed in the waiting room or hallways more than 6 hours per day, or ED beds being
filled more than 6 hours per day (Derlet, Richards & Kravitz, 2001). This occurrence of crowding
can be seen through performance measures including extended waiting times, ambulance
diversion, and patients leaving without being seen by a physician.
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2.1.1 Patient Boarding
For emergency patients that are to be admitted into the hospital inpatient beds, there is
not always a smooth transition from the Emergency Department to the main hospital. In many
cases there are no inpatient beds available, and the patients will be held in the ED. In 2001, a
Government Accountability Office (GAO) study reported that patients were boarded in the ED
for at least 2 hours per day in approximately 90 percent of hospitals; with higher patient boarding
times of at least 8 hours per day reported in about 20 percent of hospitals (Institute of Medicine,
2007). For patients that are in critical condition, hours spent in an in-between care state are
dangerous for the patients; and as seen above this condition is found in a majority of hospitals.
If the Emergency Department is in a crowded state, then these admitted patients are likely
to be placed to wait within the halls of the ED to free up beds for new patients. Not only is this
uncomfortable for patients, but these patients also take up space and the personnel resources that
are needed within the ED. Patients during boarding are generally unsatisfied with their care
(Derlet, Richards &Kravitz, 2001). One reason that patients may not be moved to inpatient beds if
they have been admitted is that the scheduled admissions for surgery may take priority in the
hospital. The surgical procedures are more profitable for the hospital, so the emergency
department patients are not given top priority, and must wait longer for a bed (Derlet, Richards &
Kravitz, 2001).

2.1.2 Long Waiting Times
As patients enter an Emergency Department, they are treated with priority relative to the
urgency of their condition. One method of assigning priorities is through an Emergency Severity
Index value (ESI), which categorizes patients based on the severity of their injury and in turn the
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resources needed for the patient. The ESI index is a five-level scale to classify patients at triage
(Gilboy, Tanabe, Travers, Rosenau & Eitel, 2005). ESI level 1 implies that the patient‟s
condition is life threatening and should be taken for immediate care. An ESI value of 2 is
assigned to patients who also have a high acuity conditions, although not considered to be life
threatening, which need immediate attention. Patients who are considered to be stable are
assigned ESI values of 3, 4, or 5 based on the estimated number of resources the triage nurse
expects the patients will need for treatment. An ESI of 3 will be assigned to patients who will
need multiple resources for treatment. An ESI of 4 is assigned to stable patients only needing one
resource; and an ESI of 5 will be given to patients who will not need any resources for treatment
(Gilboy, Tanabe, Travers, Rosenau & Eitel, 2005).
A Government Accountability Office (GAO) report by Crosse et al. (2009) summarizes
the average recommended wait times for patients to see a physician. These recommendations are
categorized by patient acuity level, which is based on the 5-level ESI system described above.
Patients labeled as „Immediate‟ are supposed to be seen by a physician within 1 minute; however
the average wait time in 2009 was found to be 28 minutes with almost 74% of visits exceeding
the recommended time frame (Crosse et al., 2009). The same study also found that „Urgent‟
patients, who should be seen within 14 minutes, had an average 37 minute wait and about 50% of
waits were above the recommended time. For less-severe acuity levels, the average wait time the
patient experiences is at least within the suggested time window for seeing a physician, which is
within 2 hours for semi-urgent patients and within 24 hours for non-urgent patients (Crosse et al.,
2009).
Long delays before being seen by a physician could be severely detrimental for patients
that have a serious injury. For example, in 2008, a 58 year old man died from a heart attack after
waiting in an emergency department waiting room for 19 hours in Dallas, TX (Cox, 2008). This
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scenario and other deaths that have occurred because of the extensive waiting times are
unacceptable for emergency departments, and show the need for improvements in operations.

2.1.3 Left Without Being Seen
Although patients enter the Emergency Department to receive medical attention, long
wait times that patients experience can cause them to leave the ED before they are taken in to see
a physician (Derlet, Richards &Kravitz, 2001). In 2003, the number of patients who entered the
ED for care and left without receiving treatment or even seeing a provider was found to be about
1.9 million patients (Institute of Medicine, 2007). This is a high amount of people that were not
able to get the care they needed, and is an obvious indicator that the Emergency Department is in
an overcrowded state.
A study by Grumbach, Keane & Bindman (1993) at the San Francisco General Hospital
reported high left without being seen (LWBS) rate of 15% of patients. When the ED staff
followed up with these patients in the proceeding in the following 1-2 weeks, these patients were
found to be twice as likely to worsen in their condition. Another concern is the severity of the
patients that are leaving the ED before seeing a provider. Although most LWBS patients have
non-urgent conditions, it was found that half of these patients had ESI values of 2 or 3, which
indicate urgent to semi-urgent conditions (Grumbach, Keane & Bindman, 1993). Another study
by Baker, Stevens & Brook (1991) was done at the Harbor-UCLA Medical Center to analyze the
acuity of the LWBS patients and the effect of patient conditions after leaving without seeing a
physician. Of the LWBS patients, 11 percent resulted in hospitalization within 1 week of their ED
visit. Forty-six percent of these patients were classified as needing „immediate attention‟. From
these facts, it is obvious that no patient should be at the point where they would consider not
getting treatment. The second visits and ever worse conditions will cost the hospitals and patients

8
more money than would have been originally necessary (Institute of Medicine, 2007). By
reducing the overcrowded EDs, more patients will be able to have treatment, and not leave the
waiting room because of excessive times.

2.1.4 Ambulance Diversion
Another main impact of an overcrowded Emergency Department is the need for the
hospital to not accept any new incoming ambulances with patients. The American Hospital
Association reports that in 2004 about 50 percent of all hospitals reported time the hospital was in
a diversion state; with an even higher 69 percent of hospitals in an urban area reporting time in
patient diversion (Institute of Medicine, 2007). If patients on these ambulances have serious
illnesses, the long delays to route to different hospital can be fatal, especially if the neighboring
hospitals are separated by a long distance.
Diversion indicates ED crowding because the ED can no longer handle new patients.
From the National Center for Health Statistics estimates, the hospitals that go on diversion had an
average of 473 hours for the 2006 year (Crosse et al., 2009).

2.2 Recent Change in Availability

2.2.1 Increase in Patients
Within recent years, EDs have been given expanded roles within communities such as
caring for uninsured patients, preparations for disasters, and giving care when physician practices
are not available. The Emergency Medical Treatment and Active Labor Act of 1986 prevents any
hospital from refusing care for uninsured patients, which is a significant portion of ED visits
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(Institute of Medicine, 2007). In 2007, about 45 million Americans were uninsured. Most of
these uninsured patients turn to the ED for medical attention, mostly due to severe conditions
from lack of regular care (Institute of Medicine, 2007). The largest group of patients that enter
the ED are Medicaid users, which have two times the rate of uninsured, and four times that of
private insurance population. The low reimbursement rates that physicians receive minimize the
amount of office physicians that will accept this form of insurance (Institute of Medicine, 2007).
In 1996, the annual number of ED visits was about 90.3 million; by 2006 this number
increased to about 119.2 million per year. This results in an increase of approximately 2.9 million
visits per year, or a 3.2 percent annual increase (Pitts, Niska, Xu, & Burt, 2006). A main reason
for this increase is due to the actual increase in population for the U.S. Another reason for the
increase in patients may be related to the referrals of physicians. Since private practices have
limited hours, patients are recommended to go to the ED. Also, physicians may not be able to
perform a wide variety of necessary tests within their office, which EDs have the capability of
doing. Other possibilities could be the unwillingness to treat complex patient complaints (Institute
of Medicine, 2007).

2.2.2 Decrease in Beds
As the number of visits to the ED has increased, the resources for Emergency
Departments have decreased. From 1996 to 2006, the number of hospital EDs has decreased
from 4,019 to 3,833 (Pitts, Niska, Xu, & Burt, 2006). As discussed above, the increase in patient
volumes would have been difficult to provide for with the same number of EDs, but these
resources are conflictingly decreasing. This causes a much higher amount of patient volume per
Emergency Department for each year than in past years.

10
From the years 1993 through 2003, there was a significant decline in ED resources.
Throughout these years there were 703 hospitals that were closed, and 425 additional hospitals
that shut down their EDs. This resulted in a reduction of about 198,000 hospital beds throughout
the U.S. (Institute of Medicine, 2007). These cut-backs were mainly in response to the necessary
budget cuts, cost-saving projects and decreased reimbursements for managed care payers
(Institute of Medicine, 2007).

2.2.3 Age and Complexity Trends
Another recent ED trend is the severity of the conditions that are coming to the ED for
treatment. Patients 75 years and older had the second highest ED visit rate, at a rate of about 60.2
visits out of every 100 visits (Pitts, Niska, Xu, & Burt, 2006). Also, there has been an obvious
trend in increased life expectancy in the U.S. population. These elder patients require a more
thorough treatment process, which takes up more ED resources and personnel (Derlet, Richards
& Kravitz, 2001). There has been an increase in patient treatment times due to the higher acuity
of these elder patients, which represents another recent trend that is affecting the crowdedness of
EDs.
The majority of patient visits are found to be classified as „Urgent‟ patients, who make up
37% of patient visits. These patients have the second highest priority to see a physician (Pitts,
Niska, Xu & Burt, 2006). This high majority of patients will be given a higher priority than the
semi-urgent and non-urgent patients that arrive to the ED. In turn, these patients will have to wait
longer due to the high volume of urgent patients.
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2.3 Best Practices and Improvement Strategies
Asplin et al. (2008) describe a comprehensive list of actions for improving an ED process
flow. The extensive list of all possible actions for improvement may not be useful for each
emergency department, but have been found effective in certain hospital EDs. Another initiative
was performed by the Robert Wood Johnson foundation, who launched a program entitled Urgent
Matters in 2002 to improve the safety net ED response to the increasing patient numbers (Wilson,
Siegel & Williams, 2005).The Input/Throughput/Output (I/T/O) model was established to address
patient flow issues in the ED to determine which problem areas are the most significant. The
I/T/O model outlined the input factors to understand why patients were arriving to the ED, the
throughput, or process of the EDs to ensure that the operations are efficient, and the outputs
which will affect the patients discharge or hospital admission (Wilson, Siegel & Williams, 2005).
Among these articles were certain similarities of identified improvement methods that
hospitals have implemented. The best practices common to multiple improvement examples are
discussed in detail in this section. Many best practices involve improving existing processes such
as triage and registration, expanding resources, creating new areas to improve patient flow, or
identifying groups of patients that have longer expected processing times.

2.3.1 Triage Process
Best practices at triage include the addition of a physician at triage, as well as sending
patients directly to treatment if beds are available. A physician at triage will allow patients with
less severe conditions to be easily seen and treated directly at Triage by the physician and triage
nurses. In turn, the patient will not need to take up a treatment space, and more patients will have
low throughput times since they immediately see the physician. The challenge with this
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improvement is that it requires a physician resource that not all emergency departments will be
able to supply. When beds are available in the ED, it is also suggested that patients bypass the
triage process. If the resources are available for the care, then it is a waste of time and additional
resources to triage the patient before sending them to a bed for care that is already available
(Asplin et al., 2008).
Another approach is the Provider Directed Queuing (PDQ) process. In this approach, a
provider at triage listens to the patients as they are triaged by a triage nurse to determine what
resources the patient may need. The provider may treat the patient directly, route the patient to a
bed in the ED, or order lab tests that can be conducted while the patient waits for a bed. This
method has been implemented at Hershey Medical Center, and one month‟s testing indicated a
23% decrease in length of stay times, as well as a 52% reduction in patients who leave without
being seen. The largest improvement using this new approach is the 76% reduction in LOS for
patients with low acuity conditions, since the physician can accelerate the treatment process from
the triage area (Medeiros, Swenson & DeFlitch, 2008).

2.3.2 Registration
In a typical ED process flow, the registration process is done after the patient is triaged.
This means that even if beds are available at the time, patients must complete a registration
process before going to the treatment area. A new improvement initiative in Emergency
Departments is the use of bedside registration, which utilizes a fully equipped cart that can be
transported between rooms. This process change will eliminate the need for a registration area in
the ED, and will adjust registration from an area to a process that can be done wherever is most
convenient. There is a large potential area for process improvement to utilize the non-value added
times a patient occurs during their stay (Asplin et al., 2008).
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Another opportunity to utilize bedside registration is to add a quick registration check-in
point before the patient is seen for treatment. Patients must be registered before receiving any
tests so that their personal information can be referenced by the EDs computer system. By using a
quick registration area before entering a room, patients will not be restricted to having bedside
registration only before getting tests. This will allow patients to complete bedside registration at
any stage in their treatment process and not strictly before tests. A possible negative aspect of this
„improvement‟ action is that it will create a longer processing time when the patient is in the bed
(Asplin et al., 2008). Treatment rooms are in high demand within the ED, and extending the
process that keeps a room occupied may increase waiting times for the ED process.
A University of Pennsylvania study in 2007 set out to determine if the implementing
bedside registration would have a significant effect on patient throughput times. Bedside
registration initially decreased patient length of stay times for all hours of the day, but the positive
results were not maintained in a year‟s study except for the time periods with lower patient
volumes and more available treatment spaces (Takakuwa, Shofer &Abbuhl, 2007). Gorelick,
Yen & Yun (2005) performed a similar study to measure length of stay for patients. After
implementing the bedside registration process, the length of stay was decreased by an average of
15 minutes. However this study only had the bedside registration process in place for 6 months,
and the long-term effect may differ from the short-term study.

2.3.3 Expansion of Resources
The most common idea to improve the ED process flow is to increase the physical size of
the ED facility. By expanding the ED, there will be space for more treatment beds. However there
must be an increase in the necessary resources in order to add more beds to the ED and
successfully treat a higher patient volume. In some situations, the process can be the limiter, and
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not the space. Therefore, an ED expansion may only create the same problems in the new facility
(Asplin et al., 2008).
Another common approach to improving the process within the ED is to add more staff.
During the peak hours of each day, the ED is prone to crowding and adding additional nurses or
physicians will help to increase the throughput. Days of the week should also be considered for
personnel scheduling since some days have higher volumes of patients than other days. The issue
with adding personnel is the availability within that Emergency Department. Maintaining staff is
a challenge due to the large fluctuations in patient volume from day to day. This unpredictable
patient rate can results in both an understaffed ED during large peaks, or even overstaffing for
days with lower patient volume.

2.3.4 Discharge Room/Observation Area
The Regional Medical Center at Memphis implemented a discharge resource room. This
separate room prepares the patients for their return home after their stay in the ED (Wilson,
Siegel & Williams, 2005). Patients receive discharge instructions, and wait for a ride home if
necessary. The main benefit is that the discharge room will get patients out of the main ED space,
allowing other patients access to ED resources.
Another practice that provides care outside the ED is the observation area. This is a
separate area that which can be used for patients that need to be watched for additional time
before a decision to treat and discharge or admit to the hospital can be determined. This
observation area will be a way to watch these patients, but not take up any of the resources
needed for other patients that can be treated more quickly. Grady Memorial Hospital has
successfully implemented a Care Management Unit (CMU) to observe patients with diagnoses
that require observation before discharge. Patients with chest pain, heart failure, or asthma
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symptoms who generally require admission can use this facility for short term care. About 85% of
patients who use the CMU are discharged, which creates more available hospital bed space since
Grady is prone to high admission rates (Wilson, Siegel & Williams, 2005).

2.3.5 Fast Track Stream of Care
Additional best practice tactics to reduce ED crowding are to use separate process flows
for different groupings of targeted patient. One utilized stream is to send patients to a „Fast Track‟
area for treating low acuity patients. The Fast Track can be used to treat simple injuries or
common illnesses with low complexity. Fast track patients can be seen quickly and discharged,
which reduces crowding in waiting room and reserves beds for those who need them (Asplin et
al., 2008). Another possible advantage is to stream patients who are obviously stable that enter
the ED with non-threatening conditions (i.e. sprains, lacerations). Since triage can become a
crowded area during peak hours, these patients can be sent directly to the fast track to receive
treatment instead of spending time waiting for the triage process which will ultimately send them
to the same low acuity area (Asplin et al., 2008).

2.3.6 Additional Practices
Many additional best practices have been implemented throughout Emergency
Departments, including the use of technologic advancements and process method improvements.
The use of electronic medical records is a popular best practice in the healthcare industry. Charts
and diagnosis from past visits of the patient can be readily accessible, and will save time with
questions about medical history of the patient. Also, the communication between different areas
within the ED will be made simpler with the information visible through technology. A paperless
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ED is also becoming a best practice, through tasks such as electronic order entry, ED tracking,
prescriptions, lab results, X-rays (Nolan, Regenstein, Anthony & Siegel, 2009). At the Boston
Medical Center (BMC), a new IT system implemented in a quicker, more accurate process that
permitted BMC to generate a significant increase in profit of about $1 million after only the first
year of implementation (Nolan, Regenstein, Anthony & Siegel, 2009).
The addition of personnel resources for specific tasks can also result in successful
improvements. The Grady Health System of Atlanta began improvements with a Centralized
Order Entry system. The current method of submitting orders resulted in unorganized and delayed
orders since the processing nurse also had additional tasks at hand. The use of the centralized
system and addition of a unit clerk responsible for order entry made sure that all orders were
processed quickly. Grady HS has also created a position for a Discharge nurse, which focused on
working with physicians to speed up the discharge process. A position entitled „bed czar‟ has also
been implemented in many EDs to manage the patient flow and bed occupancies throughout the
hospital. This position operates with all departments within the hospital, because ED crowding is
an issue for the entire hospital, not just the ED department. At one hospital, it was said that the
hospital is a „continuous system‟ and the process flow affected each department (Wilson, Siegel
& Williams, 2005).
Turnaround and setup times are another large area for improvement within EDs. Rapid
Cycle Change is an improvement methodology that uses a large number of small changes within
the ED and measures the improvement in a timely manner. Testing these changes generally does
not require committee approval or a large financial investment. If successful, the small changes
may get additional buy in from other hospital staff (Wilson, Siegel & Williams, 2005). At the
Regional Medical Center in Memphis, an improvement practice was centered on the bed
turnaround time improvement. The hospital team studied why the process of cleaning and turning
over the bed was so inefficient. The new process enabled a faster communication between nurses

17
and housekeeping staff through use of automated notifications when a patient was discharged.
The system also encourages a sense of accountability for staff, since the notification and
completed times are recorded and communicated to the staff. Average bed cleaning turnaround
time for inpatients was improved from an average of 150 minutes to the goal of 60 minutes
(Wilson, Siegel & Williams, 2005).
Other best practices have been implemented to prepare for crowding conditions or change
how processes are done. In a study by Nolan, Regenstein, Anthony & Siegel (2009) of safety net
hospitals, Boston Medical Center, Virginia Commonwealth University Health Systems, and
Denver Health hospitals all implemented a pre-diversion triggering system that signals hospital
staff that the hospital is close to the diversion status. This ignites the staff to move patients
through the ED more quickly. The Boston Medical Center‟s first improvement tool was to change
the existing nurse-to-patient assignment through use of a „zone nursing‟ concept that keeps nurses
in a specific area. This decreases the amount of time the nurses spend walking between patients‟
beds (Wilson, Siegel & Williams, 2005).

2.4 Simulation Uses for ED Improvement
Although a majority of past research in ED simulation has been concentrated on
increasing the capacity of ED personnel resources, many simulation studies have also
incorporated the use of best practice improvement methods to change the process of an ED. This
section summarizes multiple uses of simulation to improve ED processes, as well as the use of
simulation to identify where process improvements would be most beneficial.
In a York, PA study, Mahapatra et al. (2003) used simulation to test the introduction of a
fast care route for low acuity patients to their Alterna care unit. The York hospital also applied a
5-level triage system to classify patients based on an ESI level. The initiative of this model was
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driven by the use of the ESI triage to route low acuity patients (ESI 4 or 5) to the Alterna care
unit for a quick processing. This process change will vary the stream of patients, with ESI levels
of 1 and 2 having high acuity, and the ESI 3, 4, and 5 classified by the resources needed for the
patient. The experimentation in the York hospital study tested different hours of operation for the
Alterna care unit to determine which operation schedule most improves patient flow, compared to
the current 11:00am to 11:00pm schedule currently in place. The performance measure used to
compare scenarios is the total average waiting time for each patient. The 9:00am to 9:00pm
schedule was found to have the best improvements, with between a 10% and 16% reduction in
total waiting times for patients of each severity level.
Samaha, Armel & Starks (2003) created a study to evaluate different best practice
alternatives that can be used reduce patient length of stay at The Cooper Health System. The
current process was modeled first to validate the model and identify which areas acted like
bottlenecks of the process. The hospital staff and consultants then identified increasing the size of
the ED, implementing bedside registration, and creating a fast-track center for routine conditions
to reduce the length of stay for patients. Adding the bedside registration caused minimal
improvements; and was not found useful due to its high equipment costs. The fast track station
was most beneficial since it opened beds needed for the high acuity patients (Samaha, Armel &
Starks, 2003). The hospital staff and consultants identified increasing the size of the ED,
implementing bedside registration, and creating a fast-track center to reduce the length of stay for
patients. Using simulation helped the Cooper Health System to compare these improvements, and
resulted a recommendation of adding a fast track area. Expanding the ED size was also
considered for length of stay reduction, but the use of simulation allowed the hospital to not waste
resources on this improvement since adding space did not improve the patient length of stay time.
Duguay and Chetouane (2007) also conducted a simulation study at the Dr. Georges-L.
Dumont Regional Hospital. Discrete event simulation was chosen due to complexity of its
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system and large variability in patient processing times. Although the simulation experiment
tested additional resources, it was also used to give the hospital more insight about the current
process and identify best practices useful to their process. These improvements include a built in
time clock to capture when the patients first arrive into the ED to communicate their wait to the
triage area, and computerized patient files to speed up the communication between different parts
of the ED.
McGuire (1994) studies an ED at SunHealth Inc., a mid-sized hospital in North Carolina.
The main goal of the study was to reduce the length of stay patients are experiencing by
identifying the process improvements that can be used to best reduce the LOS. Many alternatives
were tested, with the most effective changes found to include a holding room for admitted
patients, which reduced the LOS per patient by about 22 minutes by making the treatment beds
available quicker for incoming patients. The fast track area was also analyzed because of its high
LOS times, and it was found that by using an ED physician instead of a resident reduced the LOS
in fast track by approximately 14 minutes per patient. Lastly, a patient care coordinator was
added during peak hours to field the questions of patient‟s family members, and reduce these
delays now incurred on the registration clerks. This change improved the LOS by about 12
minutes per patient. Using these best practice improvements in the process resulted in a 50
minutes reduction in LOS per patient for the hospital.
Storrow et al. (2008) use simulation modeling to evaluate the effect that reducing the
turnaround time for tests has on performance measures of interest on a mid-sized ED. A point-ofcare testing in the ED is analyzed compared to the lab-based testing originally done. Tested, the
LOS, throughput, and diversion performance measures were used to analyze the turnaround time
potential improvements. The results indicated a significant decrease in test turnaround times
when using the point-of-care testing. With a reduced processing time of 10 minutes from the
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original 120 minutes, the LOS was reduced by 0.6 hours, the number of diversion days reduced
from 57 to 29 days, and throughput increased from 104 to 120 patients per day.
Simulation is also useful in the case of planning a new facility construction for the ED. In
this case, best practice process improvements found to be beneficial can be implemented as the
process moves to the new facility. Ashby et al. (2008) studies the construction of a new, smaller
facility to replace the General Hospital and Women‟s and Children‟s Hospital at the LAC+USC
Medical Center in Los Angeles. The new facility will combine and downsize certain units, while
expanding other units to handle higher acuity patients. Using these changes to the layout of the
operating ED, simulation is used to model the new process flow using anticipated patient arrivals
and historical data of processing times. Best practices were also considered for implementation
while still in the designing stage such as early discharge time of day, and the use of discharge
lounges, as well as centralizing bed management. The largest impact was found to be combining
specialized inpatient units into more general units, which decreased the patient transfers between
different inpatient units. The LAC+USC Medical Center was able to use simulation to decrease
unnecessary processes, as well as the use of best practices for the ED to successfully operate in
the smaller facility.
Since emergency departments have complex processes with many inputs, the concept of
using sub-models within a simulation has been used to more accurately model the system.
Mahapatra et al. (2003) used sub models to validate the model more accurately. These sub models
included an arrival sub model, triage nurse station, critical care unit, intermediate care unit, fast
track care, diagnostic testing, and a follow up treatment station. In this setup, patients can be
routed to specific sub models based on the time of day as well as the patient‟s ESI level
(Mahapatra et al., 2003). Duguay and Chetouane (2007) also used this approach due to the
complex system and varying patient conditions. Many modules were included into the process
model: the Patient Arrival, Triage and Registration, and finally the Physician Assessment module.
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Using sub-models that could be integrated into process modules, such as lab tests and discharge
modules within the „Physician assessment‟ module, allows for specific details to be specified
within different areas of the ED. This keeps an organized simulation model in which each
process can be modeled in detail individually.
A large challenge in simulation is the level of detail that is captured in the simulation
model compared to the actual system. On many instances, 80% of model accuracy is determined
by only 20% of the model‟s detail (Komashie & Mousavi, 2005). Due to this research, a high
amount of detail is not needed in the simulation model; only detail needed to achieve the
simulation‟s objectives should be used. This challenge can be seen in patient arrival rates to the
ED. In the study by Duguay and Chetouane (2007) data collection was collected only during the
summer season, and it was found that along with time of day and day of week, the time of year
also has an impact on the patient arrivals. Also, another challenge is collected data that can
accurately represent an ED. There are many modeling inputs that vary between emergency
departments, which may have to be estimated if no data exists (Samaha, Armel & Starks, 2003).
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Chapter 3

MODEL DESCRIPTION AND VALIDATION

3.1 Introduction
In this paper, a generic ED will be modeled to capture main processes found in any ED.
The model will not represent a specific ED, since main processes such as reception, registration,
triage, and treatment processes are inherent to all EDs. The model will capture the arrival of
patients to the ED until the moment the patients exit. A baseline model was created to simulate
the current process of the ED, along with additional best practices models such as treatment with
bedside registration and a provider at triage process. These individual models were combined into
a comprehensive model in order to analyze key performance measures for changes made to the
EDs process.

3.2 Model 1: Baseline Model
The baseline model used has a general overall logic so that it can be utilized by any
hospital‟s emergency department. The entire simulation model consists of the different processes
that patients will undertake when visiting the Emergency Department of a hospital. The logic of
the overall ED process flow, along with the logic of each of the main processes is described in
detail.
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3.2.1 Overall Model
To represent the process flow of the entire system, a logic flow diagram was created as
seen in Figure 3-1. This general outline of the overall process begins with a patient entering the
ED and ends when the patient exits either after treatment through the ED or fast track areas, or
without seeing a provider.
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Figure 3-1: Overall Model Logic Flow Diagram.

Patients arrive in the ED either by ambulance or on foot at a specified arrival rate per
hour, and proceed to a reception area where they are checked in by a clerk. If a patient is
identified to be in critical condition when they arrive, they will be taken directly to the treatment
area to receive urgent treatment. The reception clerk will collect basic information of the patient
while they are being brought to the treatment area. If a patient is not categorized as „critical‟, they
will continue to a triage process for a quick assessment of the patient‟s condition by a triage
nurse. Once triage is completed and the patient is assigned an Emergency Severity Index (ESI),
patients will either be sent to the main ED or fast track areas depending on the severity of the
patient‟s condition as well as the availability of the fast track area. Once in a designated area,
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patients are registered by a registration clerk. In this model, there are separate registration desks
for both the main ED and fast track areas. After registration, patients will proceed to the treatment
areas to receive treatment. Lastly, patients will end with payment collection when exiting at the
fast track or main ED areas. Main ED patients may also leave without being seen (LWBS) by a
provider based on a percentage. Patients that leave without being seen do not need any treatment
area space, so will exit the main ED before getting any treatment space.

3.2.1.1 Triage Model
The process logic that makes up the triage process is shown in Figure 3-2. Once a patient
is allocated a triage server, they will undergo a standard triage process represented through a
single delay.

Patient Arrives
to Triage

Nurse
Available?

Yes

Triage Process

Exit Triage

No

Waiting Room

Figure 3-2: Triage Process Logic Flow Diagram.
The main outcome of this process will be the ESI assignment of the patient. This will
represent the urgency of a patient, and will represent whether or not the patient will need
additional testing and extensive treatment. Triage nurses will be responsible for the triage
assessment.
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3.2.1.2 Treatment Area Model
Figure 3-3 shows the logic flow diagram of the Treatment Area process, which captures
the time patients arrive to the waiting room until the time they leave the actual treatment space.
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Figure 3-3: Treatment Area Process Logic Flow Diagram.
Patients will wait in the waiting room until a treatment space, or bed, becomes available.
Once the patient is in the room, they will first receive an initial nurse assessment. Then, the
patient will receive an initial assessment from a physician or provider. This will allow for the
decision of whether or not the provider needs to order additional tests for the patient‟s treatment.
If additional testing is needed, the patient will wait in the treatment space for the results of the test
to be returned. Once the test is returned, or no tests are needed for the patient, a nurse will
conduct a treatment process for the patient.
After treatment, a physician will again be needed to conduct a re-evaluation of the
patient. Once the provider‟s evaluation is finalized, a nurse will be needed to complete the
discharge process. The final step of the in-room treatment process is the room cleaning and
turnover time; which must be completed before the next patient can enter the room.
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3.2.1.3 Fast Track Treatment Area Model
The logic for the fast track area shown in Figure 3-4 is similar to the treatment area logic
for the main ED. The fast track area is designed to handle patients that have less severe
conditions.
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Figure 3-4: Fast Track Area Process Logic Flow Diagram.
As patients enter fast track and either enters a treatment space or the fast track waiting
room based on bed availability. Once in a room, the patient will receive an initial nurse
assessment, followed by a provider assessment of the patient‟s condition. The next stages of the
process depend on the ESI of the patient. If a patient is classified with an ESI of 5, this model
assumes that the patient will not need any testing. The patient can proceed to the discharge
process after receiving the first and final provider assessment. For the other ESI levels, additional
testing may be necessary, and the patient will stay in the room while awaiting the test results.
After the results are received, or if the patient did not need additional testing, a nurse will conduct
the treatment process based on the results of the tests or initial assessments. After treatment, the
fast track provider will return to conduct a final re-evaluation of the patient. Once this is
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complete, the patient will be discharged by the nurse before leaving the treatment space, and the
room must be cleaned and turned over before another patient can enter.

3.2.2 Simio Model Description
To translate the logic of the Emergency Department process, Simio simulation software
was utilized. The ED simulation model was constructed in Simio version 3.42. This section will
outline how the logic described in section 3.2.1 is accomplished in the simulation program.

3.2.2.1 Overall Model
The Simio simulation overall model is shown in Figure 3-5. The triage, treatment area,
and fast track boxes indicate sub-models which will be discussed in detail later in this section.

Figure 3-5: Model 1 Simulation Model
A Simio Source was used to model arrival of patients to the ED system. A single entity
type of „Patient‟ enters the system. All patient Entities are assigned a State representing their ESI
value as they enter the system. The distribution of ESI values of 1 – 5 are assigned in the Source
Created Entity Add on Process Trigger. Here, an Assign Step Instant is used to specify a discrete
distribution based on the percentage of the five ESI levels specified by the hospital. Figure 3-6
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shows the patient animation used in the simulation, with the assigned ESI level attached to the
patient as they proceed through the system. This can be used during model verification to ensure
that only patients with an ESI of 1 can use the path leading directly from reception to the
treatment area.

Figure 3-6: Patient Animation
A Rate Table was constructed to represent the estimated patient arrivals per hour. A new
arrival pattern can be simulated by changing the rates per hour in the Rate Table, which currently
models 24 one hour time intervals for arrival rates per hour of day. The model assumes one
pattern of arrivals independent of day of the week or month of the year. However it is possible to
model a more complex arrival rate by specifying more time intervals, for example 168 intervals
could be used to model arrivals per hour for one week.
The Reception step in the process is modeled as a Simio Server with a service time
distribution and a specified number of reception workers. In this step, a decision is executed in
the Decide Step Instance to re-route any patients with an ESI of 1straight to the Treatment Area
since these patients are classified as the critical injury patients. This is modeled using the
Reception Processed Add on Process Trigger. The remaining ESI level patients proceed to the
Triage process (described in section 3.2.1.1). The Registration processes specify the registration
time in the Processing Times field of the registration Servers. The Server Objects have a capacity
of one to represent the registration clerk.
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The model ends in three separate Sink objects, which remove the patient Entities from the
ED model and collect assigned performance measures. A Discrete State Variable was created in
each exit Object to count the throughput of patients using an Assign Step Instance. Attached to
each of the three Sinks is a Status Label that will count the throughput of patients specified in the
State Variable. Also, a Tally Step Instance is also used to calculate the length of stay for each
patient that exits the system, by comparing their exit time to their arrival time to the ED. Both are
specified in the Entered Add On Process Trigger. The „Exit‟ and „FastTrackExit‟ Sink objects
also include a delay for payment before the customer can exit the ED. The Sink has a capacity of
one, which will represent a clerk at the payment collection desk. The last point of exit is patients
that have left without being seen which is modeled using a Decide Step Instance that references a
percentage specified by the hospital. It is assumed that only main ED patients will leave before
seeing a physician, and that these patients will not utilize any treatment space. Set Node Step
Instances are used to direct the patients to different exit points by referencing the input Nodes of
the exit Objects.
Physician resources are modeled using the Worker object in Simio. The Worker was
chosen because it allows for a resource to move around easily to different parts of the model.
This modeling practice was done to ensure that if physicians needed to move between different
ED areas, the time for this movement would be accounted for. Worker animation is a useful
verification tool. The „Physician Station‟ is a Node representing the physician‟s desk or office
space, and is used as the Home Node for the ED physicians. A Node is also placed at the
treatment area as shown in Figure 3-7. The Worker travels along Paths between Nodes as needed
for the assessment and re-evaluation of the patients. A Worker will also travel to their Home
Node if the Worker is in an off-shift or idle State.
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Figure 3-7: Physician Worker Animation
In this model, nurses are modeled as Simio Resources since they are assumed to remain
in their treatment area and their travel between patient rooms is not modeled. The nurses in the
model include Triage Nurses, Fast Track Nurses, and ED Treatment Area Nurses. In order to
observe the state of each nurse, they are modeled as separate Resources. Figure 3-8 shows an
example of two triage nurses in the model. The left or blue Resource indicates that the nurse is
currently idle. The right or red resource icon indicates that the Resource is currently in a busy
state.

Figure 3-8: Triage Nurse Resources
The animation can allow the user to view the entire facility window and see which
Resources and Workers are used at each point in time. Resources and Workers have scheduled
shifts with varying capacities based on the time of day. Simio Schedules are used to declare each
Resource and Worker as either on-shift or off-shift by time period. For the Resources, the
capacity is also assigned in the Schedule the number of nurses working during each hour.
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Lists are used to capture the variable number of resources between Nurses, Physicians,
and other personnel during the day. This will allow for a list of resources with similar
responsibilities to accept a patient‟s request based on which resource is first available. A List is
needed for both main ED and fast track physicians and triage nurses. The main ED physician List
contains the name of all main ED physician Workers in the model. These Workers are modeled as
separate Workers since their on-shift hours are different, but have the same role in the system so
can both be seized by a patient for treatment. When a patient needs to seize a specific resource, a
List can be referenced so that all available resources with the same roles can be accessed.

3.2.2.2 Triage Model
The Triage process is created as a Model and used as an Object in the main Simio model.
This allows a more detailed representation of the process without overcrowding the main
Facilities window. Figure 3-9 shows the Objects used for the Triage Model.

Figure 3-9: Triage Simulation Model Objects
The first object above uses a Processing Add On Process Trigger, which references a
Seize Step Instance for the triage bed resource. The same is done in the seize nurse Object, which
references a triage nurse. The triage delay Object references a triage time in the Processing Time
field of the Object. Next, another Object is used to reference Release Step Instances for both the
triage nurse and triage bed resources through a Processed Add On Process Trigger. The inputs
for this model relate to the capacity of workers in Triage.
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The last object in the Triage Model determines the route of the patient through the
system. A Fast Track Availability Resource is used in this model to specify whether fast track is
closed or open. A Scheduled is used for this resource, indicating the hours that fast track is either
operational or off-shift. A Decision Step Instance is referenced in the Processing Add On Process
Trigger, which determines whether fast track is currently in an off-shift state. If fast track is offshift, all patients will proceed to the main ED by using a Set Node Step Instance. If fast track is
operational, another Decide Step Instance is used to reference the percentage of patients that
either enter the main ED or enter fast track.

3.2.2.3 Treatment Area and Fast Track Sub-Models
The model for the main ED treatment area is shown Figure 3-10.

Figure 3-10: Main ED Simulation Model Objects
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The first process step is to seize the resource representing the bed, or treatment space of
the main ED treatment area. This is done using a Seize Step Instance of the Bed Resource in the
Treatment Area Model. The Step Instance is linked to the Object‟s Processing Add On Trigger.
The following seize and release steps for the nurse and physician assessments are accomplished
using the Processing Add on Triggers of the Object to link to the Seize and Release Step
Instances for the nurse and physician resources. All logic associated with personnel resources use
a Referenced Property to reference the resources in the main Facility window, since the resources
and Workers are created in the main model Facility window.
After the assessments, the process diverts based on whether or not additional tests are
necessary by using a Decide Step Instance linked to the Processing Add on Trigger of the Object.
If tests are needed, an additional delay for test processing and test return time is added to the
patient while the treatment area is still seized. If not, the nurse can proceed with the treatment
process. All Objects representing a delay, such as assessment times, test return time, discharge
time, room cleaning time, etc. set delay times in the Processing Time field of the Object. These
times utilize a Referenced Property so that the time estimates can be specified by the user in the
main Facility window. The physician must again be seized for the final re-evaluation of the
patient. In the Seize Step Instances for the physician a Request Visit is specified to a node at the
treatment area, as discussed in section 3.2.2.1, to allow for the animation. A final Seize Step
Instance, Delay Object, and Release Step Instance of the ED nurse are necessary for the discharge
of a patient.
The Fast track area utilizes similar logic and is accomplished with the same Objects as
the treatment area; with separate bed resources and personnel resource references. The Fast Track
model is shown in Appendix C. The main difference from the Treatment Area sub-model to the
Fast Track sub-model is the identification of ESI 5 patients. These patients will not require any
tests or re-evaluation processes.
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3.3 Model 2: Bedside Registration Model
The first best practice model described is bedside registration. A separate model,
„Treatment_BedsideRegistration‟ was constructed, which replaces the treatment area model
described in Section 3.2.2.3. With bedside registration, patients will move directly to a treatment
area that contains bedside registration within its process.

3.3.1 System Description
The treatment area with bedside registration process flow is displayed in Figure 3-11.
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Figure 3-11: Bedside Registration Logic Flow Diagram
Once in the treatment space, a patient needs three parallel processes of a nurse
assessment, provider assessment, and bedside registration. These processes can be accomplished
in any order, which will have the benefit of utilizing idle resources while others are in use. For
example, if all nurses and providers are with patients, then the bedside registration clerk can use
the patient‟s down time to complete the registration process. Bedside registration is necessary
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before receiving any tests because the patient‟s information must be available the EDs computer
system; assuming that patients have not received any prior registration upon entering the
treatment space.

3.3.2 Simio Model Description
The modified overall simulation model, shown in Figure 3-12, eliminates the main ED
registration process. All patients sent to the main ED or to fast track go through the treatment area
and fast track models with bedside registration.

Figure 3-12: Overall Simulation Model with Bedside Registration
Within the treatment with bedside registration models, a parallel resource structure is
used. Each room is modeled as a server, as seen in Figure 3-13. Processed Add On Triggers are
used for each bed server that reference a treatment process.
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Figure 3-13: Treatment With Bedside Registration Sub-Model Simulation
The use of Lists is a key principle to this process. When patients are allotted one of the
treatment rooms, they will execute the process shown in Figure 3-14. The entity will seize one
Resource or Worker from a List, which in this case contains a nurse Resource, physician Worker,
and bedside registration clerk Worker. Once the first resource is seized and the process is
completed, a second resource is needed.
Additional Lists were created to represent the two additional resources that are needed.
For example, if a patient first receives a nurse assessment, the patient entity will next request a
resource from a List that contains the physician Worker and the bedside registration clerk
Worker. Therefore, three additional Lists were created to represent the case of each of the three
resources being first in the sequence. Once two of the three processes are complete, the final
Resource or Worker will be seized for processing. The remaining steps for the re-evaluation,
treatment, and discharge Step Instances are similar to the baseline model. The treatment process
is shown in Figure 3-14, which models the paths of all possible ordering of the nurse, physician,
and bedside registration processes and their associated Delay Step Instances.
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Figure 3-14: Bedside Registration Process
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An additional Worker resource of a bedside registration clerk was added to the model.
This Worker represents the clerk and the cart with equipment required to register patients.
Schedules are once again used to deal with the number of beds that are available over time, since
more beds are likely to be available during peak hours. Modeling the Physicians and Clerks as
Workers provides advantages and limitations. The advantage is that movement and travel
between room locations of the Workers can be captured. The limitation is that the logic of the
Process becomes complex. Since the Workers are modeled as separate Objects, the logic must
determine which Worker has been seized out of the two Objects. This is not the case for the
nurses because they are modeled as a single Resource with varying capacity on a Schedule.

3.4 Model 3: Provider at Triage Model
The second best practice model is a provider at triage model, which utilizes a provider
working at the initial triage station. The provider can quickly assess patients that are non-urgent
and treat these patients directly at triage. The main benefits of this best practice are less
congestion in the fast track area or main ED, and shorter waiting time for these patients. The
alternative best practice, PDQ, could potentially offer more benefits, but also requires more
changes in organization and operating procedures for the Emergency Department. Modeling the
provider at triage best practice is accomplished by using the baseline model, with changes being
made in the triage sub-model.

3.4.1 System Description
The overall baseline model logic described in section 3.2.1 still applies to this model,
with the exception of the Triage process. Figure 3-15 shows the provider at triage model logic.
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Figure 3-15: Provider at Triage Logic Flow Diagram
Once allocated triage space, the patient will be seen by a triage nurse. If there is a
provider at triage at the time, the provider will listen to the triage assessment of the patient that
the nurse is conducting. If the provider can treat the patient at triage, he/she will do so. In the
simulation, this decision process is approximated by sending patients with ESI levels of 1, 2, 3 or
4 to either the main ED or fast track areas, or treating ESI level 5 patients at the triage area. The
provider can order tests if necessary, and the patient will be placed in a waiting room until the
tests are received. If no tests are needed, or the patient has received the test results, the provider
will conduct a single treatment process. The patient then needs to complete the registration and
payment processes before leaving the ED. If there is no provider on-shift at the time, assuming
the provider will not be used continuously at triage, then the patient‟s triage process will have the
exact logic discussed earlier in the baseline model description.
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3.4.2 Simio Model Description
Figure 3-16 shows the overall simulation model with the added provider at triage submodel. There is now an additional Path for patients to leave the system directly from the triage
process to the main ED exit since the provider at triage has the ability to treat and discharge
patients directly from the triage station.

Figure 3-16: Provider at Triage: Overall Model
Within the provider at triage sub-model, new logic is included to handle the presence of a
provider resource. The objects used to represent the provider at triage sub-model are displayed in
Figure 3-17.

Figure 3-17: Provider at Triage: Triage Sub-model
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A Triage Space Resource will also be used within this model, which is seized by entities
using a Processing Add-On Process Trigger in the first Object. This Object also contains logic
regarding to the availability of a provider at triage; this model assumes that a provider will not be
available on a 24-hour schedule and will only be on-shift during high demand times. A Provider
Availability Resource is used in this model to set a Schedule of the time a provider will either be
assigned to triage or will be off-shift. The „Provider Availability‟ Object uses a Processed AddOn Process Trigger to reference a Decide Step Instance. This Decide will determine whether the
provider at Triage is on or off-shift. If the provider is in an off-shift state, patients will receive a
triage delay from a nurse and proceed through the system as discussed in the baseline model.
If the provider is in an on-shift state, a triage delay is performed with the nurse, with
additional Step Instances of Seize and Delay of the provider used in the Add-On Process Trigger
to represent the provider listening to the patient‟s triage process. The „Decision_ED‟ Object uses
an Add-On Process Trigger to reference a Decide Step Instances that determine if the patient
Entity has an ESI Variable of 5, which will use a Set Node Step Instance to send the patients to
the Test Decision Object. Patients will the other ESI levels will use another Set Node to continue
to the „To ED/Fast Track‟ Object. This Object will have the same processes as described in
section 3.2.2.2.
If patients need additional testing, the Triage Space and Triage Nurse resources are
released using an Add-On Process Trigger, assuming patients will wait in a triage-waiting room
for results. The „Wait for Test‟ Object uses Add-On Process Triggers to delay the patients for
tests, as well as use another Seize Step Instance to seize the triage space again. The „Seize RN‟
Object uses a similar Seize Step Instance to seize a triage nurse Resource. The remaining Objects
include a treatment delay modeled through the Object‟s Processing Time field, and a final AddOn Process Trigger and Release Step Instances to free up the triage space and triage nurse
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Resources. Patients that undergo treatment and exit at the „Registration‟ Object after a registration
delay will exit the main model directly from triage.

3.5 Model 4: Combination of Baseline and Best Practice Models
Using the baseline, bedside registration, and provider at triage simulation models, a
fourth model is created to combine all logic into a single model. This model will allow the user
to run analysis for comparison of their performance measures utilizing the best practices to their
baseline model output.
The Simio model for the combined logic model is shown in Figure 3-18. For the triage,
fast track, and treatment area processes, there are two parallel sub-models used.

Figure 3-18: Model 4 Simulation Model
A key logic in this model is the definition of two state variables for bedside registration
capability and triage provider capability. The definition of these two states will allow the user to
include the best practice in the model by simply specifying a 0 or 1. The „Bedside Decision‟
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objects were added in order to specify the values of these states, and to send patients through
different processing paths.

3.6 Output and Reporting
The objective of the simulation models is to provide useful output in assisting ED staff in
making decisions about process improvement projects and their impact on performance measures.
To accomplish this, an Experiment in Simio was created in order to run more than one model
simultaneously and view the average performance measures and output graphs.

3.6.1 Performance Measures
The performance measures of interest are summarized in Table 3-1. Hospital EDs
benchmark their processes based on the time the patient arrives until the point that they reach key
resources such as seeing the triage nurse, being allotted treatment space, seeing a provider for the
first time, and the entire length of stay for the patient.
Table 3-1. Performance Measure Summary

Process Times
Door to Triage
Door to Bed
Door to Provider
Length of Stay

Performance Measures
Utilizations
Physicians
ED/FT/Triage Nurses
Bedside Reg Clerk
Provider at Triage

Additional
Patient Throughput
Wait Times

The Door to Bed, Door to Provider, and Length of Stay measures are collected for both
the main ED treatment area, as well as the fast track area. Additional performance measures
collected are physician and nurse utilizations in order to identify which resources are being overutilized in the process. Patient throughput is also captured to compare the number of patients seen
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for a given time period. For validation purposes, bedside registration utilization and provider at
triage utilization are included to make sure the utilization values are zero if the best practice is not
included in the model run.

3.6.2 Experiment
The built in Experiment option in Simio allows for different model scenarios to be run at
the same time. Table 3-2 summarizes the four independent models that will be included.
Table 3-2: Models Included in the Experiment
Model Scenario
Baseline
Bedside Registration
Provider at Triage
Both Best Practices

Bedside Registration
Capability
No
Yes
No
Yes

Provider at Triage
Capability
No
No
Yes
Yes

Through this 22 experimental design, the impact of both bedside registration and a
provider at triage can be analyzed based on the specified responses. Responses for the experiment
include the performance measures discussed in section 3.6.1.
In summary, the baseline model for this simulation program simulates patient entry into
the ED until the time they exit the ED. Main processing steps common to all hospitals are used to
create a generic ED process, including reception, triage, registration, treatment and payment.
Triage and treatment areas are modeled as separate models that are integrated into the main
model to organize the complex logic simulated. The addition of a treatment area with bedside
registration as well as a provider at triage process were incorporated a separate models so that the
user can specify whether or not to include this best practices in their process.
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Chapter 4

ANALYSIS OF RESULTS

4.1 Introduction
To examine the effectiveness of this simulation tool a trial was performed with a
partnering hospital. The case study was done at the Williamsport Regional Medical Center
(WRMC) in Williamsport, PA. WRMC provided inputs in order to match the simulation to their
current process, and analysis was done to provide recommendations for improvement.

4.2 Input Data
WRMC has a very low percentage of urgent patients, which is summarized in Table 4-1.
Only 6.2% are assigned ESI levels of 1 and 2, while the majority of patients (80.9%) have ESI
levels of 3 and 4.
Table 4-1: Patient Acuity Input Distribution
Acuity Level
(ESI)
1
2
3
4
5

Percentage of
Patients
0.4 %
5.8 %
41.2 %
39.7 %
12.9 %

Average patients arriving per hour was collected for the month of September, 2010 at
WRMC. Over the course of the 30 days of data collection, the average patient volume for each
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hour of the day is summarized in Figure 4-1. These average values were used as inputs into the
patient arrival Rate Table, which is used to model a non-homogeneous Poisson process.

Figure 4-1: Average Patient Arrivals per Hour for WRMC
The left without being seen (LWBS) rate was given to be 2.92% based on calculated
metrics from historical data at WRMC. The percentage of patients that enter the fast track and
main ED areas is shown in Table 4-2.
Table 4-2: Percentage Breakdown of Fast Track and Main ED Patients
ED Department for
Treatment
Fast Track
Main ED

Percentage of
Patients
43 %
57 %

Many of the resources used in the simulation model have particular schedules, with
capacities of resources changing during the peak hours. The number of available beds for triage
and the main ED treatment area are shown in Table 4-3.
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Table 4-3: Number of Available Beds
Main ED Beds
21
12

11am-10pm
11pm - 9am

Triage Beds
2
1

In WRMC, the fast track area operates from 8 am until midnight, and has 8 beds available
for patients. Two providers are available from noon until 5pm, with one provider on shift the
remaining open hours. Two nurses are on-shift the entire duration of the fast track area‟s
operational hours.
The capacity schedule of the main ED resources is summarized in Table 4-4. During the
high demand hours, 11am-11pm, each resource has its highest capacity levels.
Table 4-4: Main ED Resource Capacity Schedule
Hour of Day

Triage Nurse

Main ED Provider

Main ED Nurse

12am-3am
4am-6am
7am - 8am
9am - 10am

1

1

5
4
5
6

11am-11pm

2

2

7

Data from September 1, 2010 to September 30, 2010 was provided by WRMC for certain
input values. Triage and registration times were calculated from sample data provided by
WRMC. Figures A-1 and A-2 in the Appendix show the distributions of the triage process times,
and the registration times. Using these sample distributions, curves were matched to best fit the
data. The important aspect to this data fitting is capturing the possibility of long processing times
for both triage and registration.
Many processing times were estimated in completion of this model. Table A-1 in the
Appendix summarizes all given and estimated processing times inputted into the model. For most
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distributions, a Pert distribution was used because of its use of a min, mode, and max to
accurately represent a distribution. This distribution captures long and short processing times
through the tails of the curve, as well as the average process time. The pert distribution provides a
smooth curve that can represent a normal shape, but with a skewed distribution if necessary. A
summary of the estimated processing times are shown in Table 4-5.
Table 4-5: Processing Time Estimates
Activity

Main ED

Fast Track

Nurse Assessment time

Pert (6,12,20)

Pert(6,10,15)

Physician Assess time

Pert(5,8,15)

Pert(5,8,15)

Main ED Treatment time

Pert(8,15,35)

Pert(5,12,18)

Re-evaluation time

Pert(6,12,18)

Pert(6,8,12)

Test Return Time

Pert(7,18,30)

Pert(7,18,30)

Room cleaning

Triangular(3,5,6)

Triangular(3,5,6)

Test turnaround time incorporates the time it takes to perform the test, and receive the
proper results from the test. Due to the wide range of tests that are possible, this time will vary
significantly. Since patients can be seen at triage in the provider at triage sub-model, a lower pert
distribution is used since the tests are not as complex. Room cleaning has the lowest range of
values since the process is assumed to have a consistent and standard process. Longest times in
the process are estimated to be the nurse assessments, test return times, and treatment times.
For the best practice models, additional processes are added to the model to capture the
results of a potential change in the EDs process. The times of these theoretical processes are
estimated since there is no data on how WRMC can perform these processes. For the provider at
triage process, the provider was estimated observe the patient‟s triage for about 2 minutes to
decide if the patient could be treated, and what tests to order. The treatment time is estimated
similarly to the fast track treatment time since patients will be less urgent conditions. All patients
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with an ESI level of 5 are assumed to be able to receive treatment at triage. For bedside
registration, section 4.3 will discuss the sensitivity analysis performed for the time, as well as the
processing time used.

4.3

Experiment Results

Since 30 days of data was used for inputs, the model was run for 31 days, with a 1 day
warm-up period as to not begin with an empty and idle system. For model verification, mean
values were calculated using sample data provided by WRMC for key performance metrics of
patient times throughout the system. These calculated means are compared against confidence
intervals about the mean created from 20 replications of the baseline simulation model, which is
summarized in Table 4-6.
Table 4-6: Main ED Performance Measures for Sample Data and Simulation Data
Measure

Average (Minutes)

Door to Triage
Door to Bed
Door to Doc
Length of Stay
Throughput

10.96 min
57.52 min
75.17 min
170.37 min
3778 patients

95% CI of Simulated Data
(Minutes)
(10.03, 10.79) min
(27.64, 28.98) min
(50.98, 54.15 ) min
(118.81, 123.44 ) min
(3764.24, 3828.06) patients

The measures in the above table indicate that the relationship between sample data and
simulation data are similar in many measures, but do have error between values. The mean value
of the door to triage times falls within the simulated data range. The door to bed, door to doctor,
and length of stay times are statistically lower for the simulation model than the calculated
intervals from given data. Based on the provided data about 3778 patients are either discharged
or admitted to the hospital in the month of data collection, which falls within the baseline model
estimated simulation results. Variability is captured in the simulation model, however the few
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outlying data points with long times causes a higher mean values of metrics. The significance
behind this difference in simulated and sample data occurs from the estimation of back-end
processing times, such as assessments, treatments, and tests; which no data could be provided and
estimates were made. Due to inherent error between the models, analysis will focus on how best
practice models will affect performance measures of interest compared to the baseline simulation
model.
Due to the large amount of estimated distributions, sensitivity analysis was performed to
analyze the effect of changing the parameters of these distributions. The analysis is summarized
in Table B-1 of Appendix B. Door to doc and LOS times are calculated for increasing the min,
average, and max parameters for the distributions to observe the sensitivity of the estimates.
Certain activities that had high mean values were also lowered in times to analyze the effect of
reducing the processing times. Table 4-7 summarizes the key results of the sensitivity analysis.
Table 4-7: Sensitivity Analysis Key Results
Activity
Physician
Assess time
Re-evaluation
time

Estimated
Time

Modified
Estimate

Door to Doc

Pert(5,8,15)

Pert (7,10,20)

(64.63, 70.68)

(144.14, 152.59)

Pert(6,12,18)

Pert (8,15,22)

(68.82, 74.36)

(150.02, 157.18)

Pert (4,10,15)

(48.42, 49.76)

(110.28, 112.24)

LOS

Compared to the baseline door to doc time in table 4-5, physician assess and reevaluation times appear to be the only sensitive inputs to effect door to doc times, by an
approximate 24% increase. ED LOS is also found to be sensitive to these two inputs, and increase
by about 21% when the distributions are increased by approximately 20%. Since the performance
measures are sensitive to changes in these inputs, data collection should be done for accurate
analysis.
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Another key analysis is the input for the bedside registration time. A given sample of data
for registration times, shown in Appendix A, resulted in a best-fit Gamma distribution. To
analyze the effect of the bedside registration time compared to the traditional registration
processing time, sensitivity analysis was done. These values are summarized in Table 4-8.
Table 4-8: Sensitivity Analysis for Bedside Registration Times
Estimated Time (min)
0.5 + GAMM(1.79, 3.5)
Pert(2,5,10)
Pert(2,4,6)

Door to Doc
(min)
47.4112
46.1961
46.8267

LOS (min)
121.667
118.586
119.14

First, the bedside registration time was estimated using the same Gamma distribution as
the traditional registration process. The average door to doctor time was reduced by
approximately 5 minutes on average from the baseline model. Since the bedside registration will
have a standard process using the registration cart, as well as more urgency since patients are
waiting for other resources in the treatment space, shorter estimated processing times were
analyzed as well. Two additional Pert distributions were inputted into the model to analyze the
effect of a shorter registration time using bedside registration. Based off the table, the two Pert
distributions result in similar output, so the Pert (2, 5, 10) distribution will be used in the
simulation model since it more accurately captures longer registration times. This is a one minute
decrease in average registration time captured for WRMC, with assumptions that the bedside
registration cart will have a standard process.
The output of the Experiment is summarized in Table 4-9 below. Each row represents a
model scenario and its associated performance measures. The user inputs are the replication
number and control values for bedside and provider at triage capabilities. All performance
measure values are in minutes.
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Table 4-9: Experiment Output for Model Scenarios

20

Bedside
Capability
0

Provider
Capability
0

Door to
Triage
10.4086

ED Door
to Bed
28.3127

ED Door
to Doc
52.5664

ED
LOS
121.175

20

1

0

10.3737

18.9237

46.1961

118.586

20

0

1

13.8298

27.7887

37.4137

110.886

20

1

1

13.3852

19.9582

34.3834

110.22

Scenario

Replications

Baseline
Bedside
Registration
Provider at
Triage
Both
Included

Although average values of the specified performance measures are shown, the
„Response Chart‟ tab is a more detailed summary of the observed values. Response charts that
are automatically generated within the experiment are the Simio Measures Of Risk and Error, or
SMORE, plots shown in Figure 4-2. The orange circle in the plot is the calculated mean of a
performance measure over all replications, with the brown shaded area representing a confidence
interval about the mean. The thick black lines in the plot represent the max and min values of the
performance measure. The black box represents the percentile values of the performance
measure; the three lines indicate the upper 75th percentile, the median value, and the lower 25th
percentile. The blue shaded areas indicate confidence intervals for the upper and lower percentile.

Figure 4-2: SMORE Plot
The main performance measures highlighted for WRMC will be the length of stay (LOS)
and door to doc times for main ED patients, since these measures are the main benchmark metrics
used for hospitals. Figure 4-3 shows SMORE plots on LOS values for each of the four models
run in the experiment. The baseline model has an average LOS between 118.92 and 123.44
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minutes. The bedside registration model has an average LOS between 117.37 and 119.80
minutes, and the provider at triage model between 109.78 and 111.99 minutes. Using either the
bedside registration or triage provider method will reduce the average LOS by about 2.6 or 10.3
minutes respectively. The model with both best practices included has an average LOS between
108.52 and 111.92 minutes, which is similar to the provider at triage model.

Figure 4-3: Length of Stay for Main ED Patients per Model Scenario
As can be seen in Figure 4-3, the length of stay for the bedside registration model has a
right skew distribution. This is due to the high frequency of patients that experience low LOS
time due to their accessibility the parallel resources over the specific sequence of accessing
necessary resources, along with a number of patients that have similar values to the baseline
model if all resources are utilized. The provider at triage interval is significant lower than the
baseline model LOS, due to the extra provider resource added at triage that can treat patients.
With both best practices included in Model 4, the output plot indicates a higher amount of
variability than bedside registration and provider at triage models. This is due to the high volume
of patients who are treated quickly, while other patients wait longer to receive care if the provider
at triage is off-shift.
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Another benchmark measure is the door to provider time. Figure 4-4 is a summary of the
effect each model has on this time for main ED patients. This figure shows the significant
reduction of door-to-doc times with the use of the best practices. The baseline model door to doc
average is found to be between 50.98 and 54.15 minutes. Bedside registration shows a decrease
in average times, with a mean between 45.4 and 46.99 minutes, resulting in about a 6.4 minute
decrease on average from the baseline model. This reduction is expected due to the patient‟s
ability to see either a provider or bedside registration clerk if the nurse resources are busy, since
all three resources are needed in no particular order. Without waiting for a specific resource, the
waiting times will be decreased since the patient can accomplish other process tasks. The
provider at triage model averages a 15.2 minute decrease from the baseline model, with a new
average value between 36.77 and 38.05 minutes. The final combined model has the largest
improvement, with a new mean between 33.64 and 35.13 minutes.

Figure 4-4: Door to Doc for Main ED Patients per Model Scenario

The range of possible values for the best practice models are much less than the baseline
model, showing the decrease in variability; and reducing the chance that patients will have to
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spend a long time waiting to see a provider. As expected, the provider at triage model has a
significant reduction in door to doc times, with a short upper 75th percentile range indicating that
there are no excessively long waiting times to see a provider.
A final ED metric of interest is the patient throughput for the month the model is run. As
seen in Figure 4-5, the total ED is estimated to see between 3764.24 and 3828.06 patients per
month. The bedside registration and provider at triage models result in similar interval values,
with means of 3843.85 and 3782.6 respectively; which is expected since the same number of
patients enter the ED. The provider at triage model captures a large change in patient throughput,
since patients can leave directly from triage. This conversely reduces the throughput of the fast
track area since not as many patients are transferred to this area.

Figure 4-5: Total ED Patient Throughput per Model

Main ED physicians had the highest utilization rates of all resources in this simulation. In
the baseline model, the first physician is utilized between 77.23% and 78.75% of the time. Since
this model does not include any paperwork, personal time, etc. these physicians are over-utilized.
Figure 4-6 below represents the ED physician utilization pattern between the four models. The
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provider at triage model decreases utilization to between 74.31% and 75.76%. This decrease in
utilization is due to the provider at triage treating patients, which reduces the volume in the main
ED. Bedside registration increases physician utilization to between 78.82 and 79.65 %. This
increase is expected due to the patient in bedside registration being able to see the physician if all
nurses are busy.

Figure 4-6: Main ED Physician Utilization Observations per Model

Lastly, use of the best practice models on the fast track area performance measures must
be analyzed. As shown in Figure 4-7, the length of stay for the fast track area is not significantly
changed by either of the best practices. The LOS for fast track is calculated to be between 108.45
and 112.40 minutes per patient, which is significantly shorter than the 118.91 to 123.44 minute
interval for the ED LOS. The largest improvement is the bedside registration model, which
reduces the fast track LOS to between 107.06 and 110.75 minutes.
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Figure 4-7: Fast Track LOS per Model
As seen in the plot, this creates a high amount of variability for the LOS due to the few
patients with very low LOS times compared to the mean, which causes the right skewed
distributions. A high amount of variability is captured in the „both included‟ model which
includes the low processing times of certain patients in the bedside registration model, along with
the higher LOS values concentrated about the mean in the provider at triage model.

4.4 Recommendations
Due to the error between the simulation results compared to the calculated intervals from
a sample of data, the analysis focuses on the comparison of best practice alternative models
compared to the baseline simulation model. For length of stay, the provider at triage and bedside
registration process improvements both show improvements on ED LOS and door to doc times,
with a higher potential for average time reductions in the provider at triage improvement.
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Figure 4-8: ED LOS and Door to Doc Summary per Model
The addition of a bedside registration clerk is estimated to decrease the LOS by an
average of 2.6 minutes, and reduced the door to doc time by approximately 6.4 minutes. This best
practice can also give the ED flexibility with its registration process. The provider at triage best
practice will reduce patient LOS on average by 10.3 minutes, and the average door to doc time by
15.2 minutes. The provider‟s ability to order tests and treat patients directly at the triage process
will reduce patients in the main ED treatment areas, and most importantly allows the patients to
see a provider early in the process. Since WRMC has a high percentage of non-urgent patients,
the provider at triage will expedite the treatment of many patients that enter the ED.
Including both best practices will result in the shortest door to doc time estimated. The
LOS time for the combined model is similar to the provider at triage model for WRMC. The door
to doc times will decrease by an average of 18.2 minutes. Since these performance measures are
benchmark metrics for hospitals, the potential for significant improvement using these best
practices should be considered by WRMC. The availability and costs of additional resources as
well as the implementation of process changes should be measured in a cost-benefit analysis for
the hospital.
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Chapter 5

CONCLUSIONS AND FURTHER RESEARCH
In conclusion, the simulation tool created can be used to model an emergency
department‟s process with the addition of best practice process improvements. Best practice
models including bedside registration and provider at triage improvements have been successfully
implemented in hospital EDs, and a case study was performed to determine the impact of these
practices on Williamsport Regional Medical Center. In comparing the baseline simulation model
to the best practice models, it was determined that a change to bedside registration will decrease
the LOS and door to doc times. Adding a provider at triage was estimated to have an even greater
reduction of average patient LOS and door to doc times. Based on the availability of resources
and process changes, WRMC should consider implementing both of these best practices. These
measures compare the models to a baseline simulation model, which contains error when
compared to a sample of collected data from WRMC.
There are many areas to improve upon and further research for this simulation model, as
well as advancements to ED process improvements through simulation modeling. For bedside
registration, a „Quick Registration‟ could be considered to perform a rapid registration in the
waiting room area. With the „Quick Registration‟, the bedside registration process will not need
to be performed before tests are done, and can be performed during times a patient may typically
incur waiting; such as waiting for test results or waiting for a nurse or physician resource after the
initial assessments. This model will utilize the non-value added waiting times into a value-added
process if the quick registration process can be implemented.
Other areas for further research in simulation are to improve upon the animation of this
model. Using blueprints of the ED within a hospital would allow for the model to capture all of
the specific distances between different areas or beds. Symbols of beds can be brought into the
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main facility window and modeled to match the layout of the ED for a more accurate
representation. Also, dynamic conditions can be incorporated into the model to best judge patient
responses to certain ED conditions. For example, left without being seen could depend on the
overall wait time or volume within the waiting room that have yet to be seen. The current
percentages used in the model can be changed to these conditions for a more patient-interaction
model. Finally, for further research possibility is the expansion of the best practice sub-models.
Only two were examined here, but there are many process improvement practices discussed
earlier that have been successfully implemented in hospitals.
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Appendix A

Model Input Data

Number of Data Points
Min Data Value
Max Data Value
Sample Mean
Sample Std Dev

= 270
=1
= 40
= 5.43
= 3.23

Figure A-1: Triage Time Observations from Given Data

Number of Data Points
Min Data Value
Max Data Value
Sample Mean
Sample Std Dev

= 460
=1
= 43
= 6.78
= 4.35

Figure A-2: Registration Time Observations from Given Data
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Table A-1. Simulation Model Inputs
Activity

Main ED

Fast Track

Type

Nurse Assessment time

Pert (6,12,20)

Pert(6,10,15)

Estimate

Physician Assess time

Pert(5,8,15)

Pert(5,8,15)

Estimate

Main ED Treatment time

Pert(8,15,35)

Pert(5,12,18)

Estimate

Re-evaluation time

Pert(6,12,18)

Pert(6,8,12)

Estimate

Test Return Time

Pert(7,18,30)

Pert(7,18,30)

Estimate

Discharge time

Pert(1,4,9)

Pert(1,4,9)

Given

Room cleaning

Triangular(3,5,6)

Triangular(3,5,6)

Estimate

Registration

0.5 + Gamma(1.79, 3.5)

0.5 + Gamma(1.79, 3.5)

Given

Triage Time

Pert(2,5.4,20)

Pert(2,5.4,20)

Given

Reception

Pert(1,3,10)

Pert(1,3,10)

Given

Appendix B

Sensitivity Analysis
Table B-1.Sensitivity Analysis for Estimated ED Parameters in Baseline Model (Minutes)
Activity
Nurse
Assessment time
Physician Assess
time
Main ED
Treatment time

Estimated Time

Modified Estimate

Door to Doc

LOS

Pert (6,12,20)

Pert (8,15,25)

(55.93, 58.56)

(123.85, 127.85)

Pert(5,8,15)

Pert (7,10,20)

(64.63, 70.68)

(144.14, 152.59)

Pert(8,15,35)

Pert (10,18,40)

(52.30, 55.56)

(122.95, 127.81)

Pert (6,13,30)

(53.33, 55.06)

(118.73, 121.41)

Pert (8,15,22)

(68.82, 74.36)

(150.02, 157.18)

Pert (4,10,15)
Pert (9,20,35)
Pert (5,15,25)
Pert (2,6,13)
Triangular(4,7,10)

(48.42, 49.76)
(52.50, 55.48)
(53.23, 55.67)
(52.48, 54.55)
(53.53, 56.18)

(110.28, 112.24)
(121.75, 125.73)
(119.41, 122.84)
(122.22, 125.42)
(123.79, 127.81)

Re-evaluation
time

Pert(6,12,18)

Test Return Time

Pert(7,18,30)

Discharge time
Room cleaning

Pert(1,4,9)
Triangular(3,5,6)
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Fast Track Area Simulation

