
Proceedings of the 1999 Winter Simulation Conference
P. A. Farrington, H. B. Nembhard, D. T. Sturrock, and G. W. Evans, eds.

EMERGENCY DEPARTMENT SIMULATION AND DETERMINATION OF
OPTIMAL ATTENDING PHYSICIAN STAFFING SCHEDULES

Manuel D. Rossetti

Department of Industrial Engineering
Room 4207 Bell Engineering Center

University of Arkansas
Fayetteville, AR 72701, U.S.A.

Gregory F. Trzcinski

Department of Systems Engineering
University of Virginia

Thornton Hall
Charlottesville, VA 22903, U.S.A.

Scott A. Syverud

Department of Emergency Medicine
UVA Health Sciences Center

# 523 - 21
Charlottesville, VA 22908, U.S.A.

an
D

ion
ing
ig
cy
ut
n-
in

on
tif
 o
 o
em
th
ia

of
re

s
 3
re
um
in

ic
 8

en
a

re
he
na
nl

st
ts;

D
e

nd
ter

n
 it is
put
as
as
g
nt
ek.
ce
n
rce
ED
is
es
ABSTRACT

Efficient allocation and utilization of staff resources is 
important issue facing emergency department (E
administrators. Increased pressure from competit
heath care reform, reimbursement difficulties, and ris
heath care costs are primarily responsible for the h
level of interest in this, and other ED operating efficien
issues. This paper discusses the use of comp
simulation to test alternative ED attending physicia
staffing schedules and to analyze the correspond
impacts on patient throughput and resource utilizati
The simulation model can also be used to help iden
process inefficiencies and to evaluate the effects
staffing, layout, resource, and patient flow changes
system performance without disturbing the actual syst
The development of this model was based on 
Emergency Department at the University of Virgin
Medical Center in Charlottesville, Virginia.

1 INTRODUCTION

The Emergency Department at the University 
Virginia Medical Center is a 24-hour emergency ca
facility with approximately 60,000 patient visit
annually (~165 patients per day). There are a total of
beds for patient care divided into four distinct ca
areas. These are the Adult Care Wing (17 beds, 2 tra
beds), Chest Pain Center (5 beds), Pediatric Care W
(6 beds), and the Minor Emergency Area (4 beds) wh
is used to treat lower acuity level adult patients from
a.m. until 12 a.m. seven days a week. Figure 1 pres
the floor plan for the ED at the University of Virgini
Medical Center.

A great deal of time, effort, and resources a
required to provide high quality care to each of t
60,000 patients seen annually. Providing educatio
training to students and conducting research o
increases the workload at an academic hospital. A number
1532
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of feasible alternatives exist for addressing the co
reduction and funding issues, such as external gran
however, this project focused on identifying
inefficiencies and problem areas within the existing E
system.  More specifically, this project challenged th
current attending physician staffing schedules a
evaluated alternative staffing strategies using a compu
simulation model.

Figure 1: UVA Emergency Department Floor Plan

Staffing and utilization of ED nurse and physicia
resources is mainly a concern because of expense, but
also significant because of its impact on patient through
and overall system performance.  While no specific are
within the current staffing process have been identified 
problematic, ED management felt that staffin
improvements could be identified by considering patie
load as a function of hour of the day and day of the we
The motivation for this analysis is to strategically redu
staffing at slower times of the day/week to save o
operating expenses and to increase staff resou
utilization.  In one sense, it is desirable to operate the 
with minimum staff, as long as quality of patient care 
maintained, and to eliminate the number of resourc
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sitting idle at any given time.  Due to the nature an
intensity of the tasks being performed in an ED
environment, decreasing operating expenses and increas
staff utilization may result in an increased number of erro
due to overworked resources.  While it is outside the sco
of this project, further study into this problem of quality
control for patient care based on the number of erro
created by understaffing (i.e. overworked doctors an
nurses) is of great significance to the overall performan
of the ED system, and is highly recommended. W
recommend the use of a quality control analysis before a
after the implementation of staffing changes to determin
relevant problems and potential solutions.

The staffing problem, as it applies to emergenc
departments, has been analyzed both qualitatively a
quantitatively since the 1960’s. Van de Leuv (1987) trea
several factors, including shift length and staffing plans fo
Emergency Medicine. Some approaches to solving th
problem of scheduling for an emergency department ha
used linear programming, integer programming, an
computer simulation models.  While these are only a fe
of the possible solution strategies, they represent the m
effective methods available.

Although not widely used in the field until the last
decade, simulation modeling is a useful tool for emergen
medicine and hospital administration research. Th
application of simulation modeling for emergency
department staffing is evident in the literature. Draege
(1992) developed simulation models for three Emergen
Departments at Bethesda Hospitals Inc. to explore pres
nurse staffing concerns and to assess alternatives 
improvement. Kumar and Kapur (1989) used simulation 
analyze nurse-scheduling alternatives for the Emergen
Room Services at Georgetown University Hospita
McGuire (1994) discusses the use of simulation to te
process improvement alternatives and to select 
alternative to reduce the length of stay for ED patients.

This paper first presents an overview of the patien
flow process through the ED. We then present a bri
description of the simulation model used to analyze th
scheduling alternatives. The alternative attending physici
staffing schedules are then presented, followed by 
discussion of the comparative analysis, and the resu
obtained. The paper concludes with recommendations a
potential areas for further study.

2 PATIENT FLOW PROCESS

A visit to the ED typically involves a complex series o
decisions, activities, and interactions with ED and hospit
staff.  Although it is impossible to classify all ED patien
flow processes exactly, a general flow process for th
“typical” ED patient can be determined.  Since patient flow
can vary from patient to patient based on acuity level an
diagnosis, the general process description involves t
1533
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most common decisions, activities, and interactions
patient will experience during treatment.  A patient ente
the ED by one of three modes: walk-in, ambulance, 
helicopter.  This section gives a brief overview of ea
activity in the general patient flow process.

2.1 Walk-In Arrivals

When a walk-in patient arrives at the hospital and ent
the ED, a registration clerk registers the patient by creat
a file for this specific visit. After completing registration
patients are sent to a waiting room to wait for a triage nu
to become available and to transport them to the tria
area.  During the triage process, the triage nurse takes
patients blood pressure and temperature, assesses
patient’s condition, and assigns the patient an acuity le
and treatment unit.  At this point, the patient returns to t
waiting room to await admission to their designated win
or treatment unit within the ED.

2.2 Ambulance Patient Arrivals

Similar to walk-in patients, ambulance patients can also
classified as trauma or non-trauma.  Non-traum
ambulance patients bypass registration and triage and
admitted directly to the ED upon arrival and follow th
same flow as non-trauma walk-in patients.  Traum
ambulance arrivals are sent to one of two trauma stati
within the Adult Wing of the ED and are treated by E
doctors and nurses while awaiting the arrival of 
specialized trauma team.

2.3 Helicopter (Pegasus) Patient Arrivals

Helicopter patients are immediately sent to one of t
trauma stations within the Adult Wing of the ED upo
arrival.  These patients are classified as minor trauma
major trauma based on the severity of the patien
condition.  This classification represents two very distin
patient flows. For minor emergency cases, the ED doct
and nurses monitor the patient, stabilize him/her 
necessary, and order any preliminary tests that might
needed to better assess the patient’s condition.  The tra
team for these patients may take hours to arrive within 
ED to take over treatment of the patient.  Once the team
able to determine the problem and decide on a treatm
process, they admit the patient to the appropriate branch
the hospital.  In contrast, major trauma patients may wa
matter of minutes, if at all, for the trauma team to arrive 
the ED and assume care of the patient.  Once the trau
team arrives and stabilizes the patient, the team w
transport the patient to the operating room for furth
treatment.  While waiting for the trauma team to arrive, 
ED attending or resident physician and ED nurses work
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stabilize and sustain the patient to prevent death fr
occurring.

2.4 Emergency Department Wings

The Emergency Department at the University of Virgin
Medical Center is sectioned into four distinct treatme
areas or wings.  These are the Adult Care Wing, Pedia
Care Wing, Chest Pain Center (CPC), and Min
Emergency Area (MEA).  Patients are assigned to one
these areas based on age, acuity level, and type of illn
A brief discussion of the patient flow through each of the
areas is given below.

2.4.1  Adult Care Wing

Patients who are assigned to the Adult Wing of t
Emergency Department are assigned to one of the nine
adult-trauma beds throughout the duration of their st
Typically, an adult ED nurse initiates the patient care cy
by assessing the patient’s condition.  After the nu
completes the initial treatment process, an ED doc
(attending, resident, or intern) performs an assessment
continues treatment of the patient.  At this point a decis
must be made, based on the type of illness and the sev
of the patient’s condition, as to whether or not the pati
requires additional care, is ready to be discharged from
ED, or must be admitted to the hospital.  Additional ca
may include consultation, radiology tests, lab tes
observation, or any combination of these.  After each c
activity is completed, the patient’s condition is reasses
by the ED doctors and/or outside caregivers to again de
the course of action for that patient (i.e. admit, dischar
or additional care).  During this cyclical process, a patie
may receive multiple visits from ED doctors and nurse
Figure 2 presents the layout of Adult Care Wing.

Figure 2: Adult and Chest Pain Care Wings
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2.4.2  Chest Pain Center (CPC)

The CPC patient care cycle begins with a visit from a CP
nurse and an ED physician.  Following these initia
assessments, CPC nurses monitor each patient’s heart 
vital signs to help determine the cause of the patient’s ch
pain.  In addition, any combination of the additional car
options available for treating adult patients may also b
used to assess a CPC patient’s condition.  Throughout 
duration of the observational or monitoring period, CPC
nurses are also responsible for providing necessary care
the CPC patients.  At whatever point during the proces
the cause of the patient’s chest pain is determined or t
patient’s status changes the doctor returns to reassess
patient and decide on the best form of treatment.  At th
point, one of three decisions is made: the patient 
discharged, the patient is admitted to the hospital, or t
patient remains in the CPC for continued monitoring.  On
final point worth noting is that the CPC is staffed by th
same doctors that are responsible for the Adult Wing of th
ED. See Figure 2 for a layout of the Chest Pain Center.

2.4.3  Pediatric Care Wing

The flow through the pediatric care wing is identical to th
patient flow through the Adult Wing.  The only real
difference is that the Pediatric Care Wing, for all but th
early morning hours, has a specific group of doctors an
nurses who are assigned to care for the pediatric patien
See Figure 3 for a layout of the Pediatric Care Wing.

Figure 3: Pediatric Care and Minor Emergency Wings
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2.4.4  Minor Emergency Area (MEA)

The MEA is used to treat low acuity level adult patien
between the hours of 8 a.m. and 12 a.m.  During all ot
hours, patients who would normally be assigned to 
MEA are sent to the Adult Care Wing for treatment.  T
typical MEA patient flow process is initiated by a vis
from a nurse practitioner that is responsible for perform
a patient assessment and completing the treatment pro
While the majority of MEA patients are discharged at th
point, it is possible for a MEA patient to require addition
care through lab or radiology tests.  At the completion
either of these processes, the patient is given 
appropriate care by the nurse practitioner and discharg
See Figure 3 for a layout of the Minor Emergency Area.

2.5 Additional Care

As previously mentioned, a patient’s treatment may requ
some additional care alternatives.  Among these w
consultation, lab tests, and radiology exams. T
consultation process is identical to an ED doctor vis
except the doctor is from some branch of the hosp
outside of Emergency Medicine.  Radiology exams fo
patient may be performed within the ED without th
patient leaving their bed.  In most cases, however
radiology exam is ordered, the patient is transported
Radiology, the exam is completed, and the patient retu
to the same room and bed to await the interpretation of
results by a doctor.  Lab testing is very similar, in that E
nurses or technicians will obtain the sample and send i
the lab for analysis.  Lab testing concludes with the pati
waiting for the results to be interpreted by a doctor.

2.6   Departing the Emergency Department

Being admitted to the hospital, being discharged from 
ED, balking (leaving the ED before treatment), and de
are the only four ways a patient may exit the E
Admitting a patient to a particular area of the hospi
requires representative consults from that area to asses
patient’s condition within the ED.  Only after completin
this assessment process can a patient be admitted to
hospital.  Should the consult decide that a patient does
need to be admitted to the hospital, that patient 
discharged from the ED.  Once the decision has been m
admit or discharge a patient, an attending physician (a
attending for CPC and Adult Wing and a pediatr
attending for the MEA and Pediatric Wing) must sign o
and complete documentation of the patient’s chart.  Thi
done to show that the attending physician is satisfied w
the patient’s overall assessment and treatment and
officially release the patient from the ED.
1535
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3 MODEL DEVELOPMENT

The main objective of the simulation model was to devel
an understanding of system performance relative to vario
attending physician staffing schedules. This w
accomplished by modeling the overall patient flow and E
system processes for realistic operating conditions. Us
the patient flow process descriptions and the
corresponding activity flow diagrams as a guide, ea
section of the patient flow process was translated in
Arena 3.0 simulation logic. Arena allows the user to mod
real world and proposed systems using a set of template
graphical modules, elements, and support blocks 
different modeling constructs and capabilities. It 
important to note that the simulation model was develop
using a number of assumptions to simplify the modeli
effort by eliminating any insignificant parameters and/
events.  A few of the most significant assumptions used
constructing the model were:

1. All patients remain at the same acuity level
throughout their stay in the ED.  The acuity
level is assigned during Triage or
immediately after entering the ED.

2. All trauma patients (minor and major) are
equivalent to high acuity level adult wing or
CPC patients and do not require separate
modeling constructs.  Since trauma patients
represent a very small percentage of all
patients seen in the ED, special handling,
treatment times, and external resource
requirements can be ignored.

3. At midnight, all MEA patients are removed
from the MEA waiting area and redefined as
adult wing patients.  This assumption is used
to handle the closing of the MEA at midnight
and the treatment of these patients by adult
staff thereafter.

Within the model, entities are used to represent:

� ED patients
� Phone calls and other indirect care activities
� Logical entities for initializing the model and

generating patient arrival rates for walk-in,
ambulance, and helicopter arrivals.

3.1 Verification

Verification is the process of ensuring that the simulati
model is built correctly and performs as the model
intended.  While there are a number of different strateg
that can be used to perform model verification, th
following is a partial list of common sense suggestions th
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was used for the ED simulation study (Banks, Carson, 
Nelson 1996, pg. 401):

1. Have someone familiar with the system
(other than the developer) check the computer
simulation model for problems.

2. Generate an activity flow diagram of the
system.  This should include logic for all
possible activities an entity may encounter
while in the system.

3. Examine the reasonableness of the model
output for a variety of input parameter values.
A wide variety of output statistics should be
used for this analysis.

4. If possible, animate the computer model to
verify that what is seen in the animation
imitates the behavior of the actual system.

3.2 Validation

Validation is the process of ensuring that the model is
accurate representation of the actual system and behav
the same way.  This can be achieved by comparing 
output results for a number of performance measures to
corresponding results from the actual syste
Discrepancies between the model results and actual re
can then be used to improve the model and therefore
accuracy of the results.  This process is repeated until
desired level of precision is obtained for the mode
output.  A widely used three-step approach formulated
Naylor and Finger (1967) has been developed to aid in
validation process.  The three steps are as follows:

1. Face Validation - Face validation involves
asking model users and others who are
knowledgeable about the actual system being
modeled, whether or not the model and its
behavior are reasonable.  For the ED
simulation study, each section of the model
logic was discussed in detail with ED staff
before construction of the model began.

2. Validation of Model Assumptions - Due to the
complex nature of the ED system and its
large number of interactions with other areas
of the hospital, assumptions were used to
simplify the simulation modeling effort.
Structural assumptions, those involving the
system’s operation, were proved after
spending greater than 45 hours observing
day-to-day activities within the ED.  Any data
assumptions used in constructing the
simulation model or specifying the model’s
input parameters were validated during the
Data Analysis phase of this project using the
Input Analyzer tool.
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3. Validating Input-Output Transformations -
Unlike the subjective validation methods
used in the previous two steps of the model
validation process, the third step, Validating
Input-Output Transformations, requires an
objective analysis.  This is achieved by
testing the simulation model’s ability to
predict the future (or past) behavior of the
real world system being modeled. Ensuring
that the simulation model’s output measures
mirror the corresponding output measures
from the actual system does this.  With regard
to the ED simulation study, nearly all of the
simulation input parameters were developed
from historical data, either from the detailed
work sampling methods or a computerized
patient tracking system.  The measures of
performance used to validate the simulation
model are given in Table 1.  The simulation
was run for 10 replications, each of 5 weeks
in duration.

All of the performance measures pass at the alpha
0.01 level except for CPC ED time.   In comparing to th
historical, one must also be aware that the historical valu
are also estimates.  In fact, we believe that the probl
with the CPC ED time is related to the fact that only 
small number of CPC patients were observed during t
data collection process described in the next section.  T
performance measure that we placed the most weight on
terms of accepting the validity of the model was the Adu
ED time because good historical data was collected a
because it represents total system performance.  With
minimum acceptable difference of 3 minutes the Type 
error associated with the alpha 0.01 level test for the Ad
ED time is 0.06 which we feel is quite acceptable.

Table 1: Validation Results
Hist.
Mean

Sim. Avg.
(Std. Dev.)

p
value

Admit Wait Time 56.26 56.5 (2.23) 0.74
Adult  ED Time 193 191 (5.8) 0.30
Consult Time 88.36 86.9 (2.31) 0.08
CPC ED Time 186 220 (5.79) 0.00
MEA ED Time 191 197 (7.9) 0.04
Patient Care Time 159 158 (2.21) 0.19
Pediatric ED Time 195 203 (8.3) 0.01
Registration Time 3.13 3.13 (0.023) 1.00
Total ED Time 193 197 (3.64) 0.01
Triage Time 3.92 3.96 (0.05) 0.03
Wait Room Time 27 28.8 (2.17) 0.03
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4 DATA COLLECTION AND ANALYSIS

A simulation model’s value as a tool for system resea
and analysis depends on the representative nature o
input data and the statistical accuracy of the model.  W
the majority of information was already being collect
and stored by the ED’s computerized patient track
system, the radiology department’s computer database
the various lab computerized databases, these systems
only partially used to obtain input data for this study. D
to the complexity of the ED system and the large num
of stochastic elements involved in the patient flow proce
the data collection effort was separated into four differ
phases.

4.1 Phase 1: Patient Visit Time Study

Phase 1 of the data collection process was geared tow
gathering detailed information about each stage (
Registration, Triage, Discharge, etc.) of a patient’s visi
the ED. This was accomplished using self-reported w
sampling techniques to gather information on all E
patients during the week of February 22 through Febru
28, 1999.  A total of 1,175 patient visit data sheets w
completed over this period.

4.2 Phase 2: Service Distribution Time Study

The second phase of the data collection process com
information on the amount of time that ED doctors, nurs
and nurse practitioners spent on patient care activi
This was accomplished using a time study restricted to
patient visits in specific areas during the week of Febru
22 through February 28, 1999 between the hours of 12 p.m
and 8 p.m.  The sample data set consisted of 115 com
patient visits and 30 partially completed visits.  For t
purposes of this study, the partially completed data 
were omitted.

4.3 Phase 3: Patient Arrival Processes

Phase 3 of the data collection process was used
determine appropriate arrival rates for each of the th
patient arrival processes (walk-in, ambulance, a
helicopter) present in the model.  This information w
extracted from a computerized patient tracking syst
database, using a customized query to sort the informa
into the necessary arrival types by hour and day of 
week.  A total of 17 weeks (November 2, 1998 - Febru
28, 1999) were analyzed to determine each average ar
rate by hour and day.  Figure 4 illustrates the total ave
number of arrivals by hour. The peaks in the data repre
the hours of operation between 9 a.m. and 10 p.m. T
data was modeled as a non-stationary arrival process
generating patient entities.
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Figure 4: Patient Arrival Rates by Hour and Day

4.4 Phase 4: Transport and Routing Times

The fourth and final phase of the data collection effo
obtained estimates on transport and routing times 
patients and caregivers between various arrival stations 
ED areas and between different areas within the ED. 
collect the appropriate travel time data, the distanc
between various points were approximated (in feet); th
divided by a random walking velocity distribution (in fee
per minute). This approach provides random transpo
routing times into or within the ED (based on means 
arrival and wing assignment) for use within the model.

For each set of data obtained, either an appropriate
random distribution was estimated using Arena’s Inp
Analyzer or the necessary probabilities were computed.

5 ALTERNATIVES

According to the current staffing schedule, there is at le
one attending physician on-duty to cover the entire E
twenty-four hours a day, seven days a week.  In addition
pediatric attending physician is on-duty to cover th
Pediatric Wing and Minor Emergency Area for twelv
hours a day (11 a.m. - 11 p.m.), seven days a week.

Four different approaches were used to genera
alternatives for attending staffing schedules.  The fir
approach was to ask ED management personnel whethe
not they had any strategies for staffing changes.  T
method was used to take advantage of the ED manag
knowledge and experience with the ED system to provi
insight into problems or inefficiencies that may not hav
been apparent to an outside observer. The resulting des
is a unique combination of shift and coverage ar
changes. The second approach used to generate sched
alternatives was to maintain the 8-hour double covera
shift of the current schedule, but to vary when that sh
was scheduled.  Variations on the current 1 PM to 9 P
double coverage shift were based on patient arrival ra
for the Emergency Department (Figure 4). This resulted
a total of seven designs including the current case. T
third approach used to generate scheduling alternati
follows the same analysis and logic as the previo
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approach.  While the second approach focused on chang
the existing double coverage shift of the current schedu
the third approach deals with adding a second doub
coverage shift to the current schedule. The fourth and fin
approach made use of the variations in the arrival rates
weekday.  For each possible eight-hour shift from 12:0
AM to 11:59:59 PM, the average patient arrival rates we
calculated for each day of the week.  From th
information, the eight-hour shift with the maximum arriva
rate was selected for each day as the double cover
assignment.

6 COMPARATIVE ANALYSIS

The eighteen different alternatives for ED attendin
schedules present a challenge with regards to simulat
testing and comparative analysis. For the purposes of t
study, a two-stage Bonferroni Approach was used 
conduct the comparative analysis of the scheduli
alternatives.

The Two-Stage Bonferroni Approach uses an initia
sample size (run length and number of replications) 
estimate the appropriate number of observations requi
to meet the desired level of precision.  While this approa
can be used to achieve different results, the main goal
this simulation analysis is to select the best scheduli
alternative (i.e. minimize the total average patient tim
within the ED). The Two-Stage Bonferroni Approach find
the best design “with high probability whenever th
difference between i* [the best system] and the others is a
least some practically significant amount.” (Banks et a
1996, pg. 498)  The seven-step methodology as discus
by Banks et al. was used to complete the Two-Sta
Bonferroni analysis for this project.

As a general rule, this type of analysis does n
perform as well when comparing more than ten designs
one time.  Given that eighteen designs were included
this study, the Two-Stage Bonferroni Procedure was us
three separate times.  First, to determine the best of 
seven designs from method 2.  The second analysis w
applied to the nine designs in method 3 to select the b
Finally, the analysis was carried out on the four remaini
designs to determine the overall winner.  It is important 
note that this methodology assumes the two desig
selected from the initial Bonferroni analyses on methods
and 3 are truly the best designs for comparison w
methods 1 and 4.

The three analyses were all completed using 
significant difference (precision), ε, value of 5 minutes, a
probability of correct selection, 1 – α, of 0.95 to ensure a
95% chance of selecting the true optimal design, and 
initial replications. A run length and warm-up period o
50,400 and 10,080 minutes were used for each replicat
to allow the system to reach steady-state operati
conditions before collecting the appropriate statistic
1538
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Again, the measure of performance used to compa
alternatives was the total time spent in the ED.

Since all three Bonferroni analyses were completed 
exactly the same manner, the details of the first two w
not be covered in this paper.  The Bonferroni compariso
for the alternatives developed from method 2 indicate th
the 11 a.m. to 7 p.m. double coverage shift (alternative 
was the best. The Bonferroni comparisons for th
alternatives developed from method 3 indicate that th
second double coverage shift from 10 a.m. to 6 p.m
(alternative 2) was the best.  A summary of the four fina
designs tested for this project is shown in Table 2 below.

 Table 2: Attending Physician Staffing Alternatives
Method :

Alternative
Attending 1
(Coverage)

Attending 2
(Coverage)

Attending 3
(Coverage)

# Attending
Hours/Day

1 : 1 24 Hours
(Adult / CPC)

10AM – 5PM
(Adult / MEA)

3PM – 9PM
(Peds)

45

2 : 3 24 Hours
(Adult / CPC)

11AM – 7PM
(Adult / CPC)

11AM – 11PM
(Peds / MEA)

44

3 : 2 24 Hours
(Adult / CPC)

10AM – 6PM
(Adult / CPC)

11AM – 11PM
(Peds / MEA)

52

4 : 1 24 Hours
(Adult / CPC)

Various
(Adult / CPC)

11AM – 11PM
(Peds / MEA)

44

To gain an understanding of the comparison an
selection procedure, the method and results from the fin
selection analysis (4 designs) is discussed below.  Table
displays the results of the first stage sample mea
calculations and the corresponding standard deviations 
these values.

Table 3: Initial and Final – Sample Mean and Standa
Deviation Values from Bonferroni Analysis

Initial Replications (10) Final Replications (21)

Method :
Alternative

Sample
Mean

Standard
Deviation

Sample
Mean

Standard
Deviation

1 : 4 184.92 3.67 185.17 4.37

2 : 3 189.13 4.92 193.21 4.64

3 : 2 180.85 3.30 179.44 3.34

4 : 1 193.77 6.42 194.53 6.10

Current 193.23 5.41 193.95 4.69

The paired sample variances (not shown here) us
with the Bonferroni procedure were calculated using th
sample means (from the initial replications) and th
original parameter values for probability and precision
These sample variance values were then used to comp
the second stage sample size of 21 replications.  The d
from the additional 11 replications was generated using t
simulation model with the same run length and warm-u
period as before.  The sample means and stand
deviations for these additional runs are also shown in Tab
3.  In this case, the best design is that for which the sam
mean time in ED system is a minimum, thus leading to th
selection of the design from method 3, alternative 2.  Now
in order to determine whether or not this design perform
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significantly better than the other three, it is necessary
form the confidence intervals on, q qi j i j- πmin , where q i

is the mean time in the ED for alternative i .  Thus, if
system i  is the best, then q qi j i j- πmin  is equal to the

difference in performance between the best and the sec
best.  If system i  is not the best, then q qi j i j- πmin  is

equal to the difference between system i  and the best.  The
form of these confidence intervals is given in Banks et 
(1996).  The confidence intervals for the final staffin
comparisons are shown in Table 4.

Table 4: Bonferroni Analysis - Confidence Intervals
Method :

Alternative
2 : 1 1 : 1 4 : 1

Lower Bound 0.00 0.00 0.00
Upper Bound 18.77 10.73 20.09

Since all of these confidence intervals are bounded
zero on the lower end, the attending physician staff
schedule from method 3, alternative 2 is statistically sho
to perform significantly better than the other three desig
with 95% confidence.  For ED administration, this mea
that the proposed scheduling changes from method
alternative 2, are expected to decrease the current 
patient ED system time by an average of 14.5 minutes 
patient, or approximately 40 hours per day.  Given that t
alternative maintains the current shift schedules a
coverage areas, the one additional attending physician
duty between 10 a.m. and 6 p.m. everyday, is not expe
to have any potential problems or barriers associated w
implementation.

Table 5: % Utilization of Attending Physicians and %
Long Patient Visits (> 270 Minutes)

% Long Visit  Patients % Attending Utilization

Method Mean
Standard
Deviation Mean

Standard
Deviation

1 : 4 18.00 1.063 58.34 0.699

2 : 3 21.77 5.561 64.67 0.605

3 : 2 17.68 1.027 52.46 0.924

4 : 1 21.16 1.475 64.70 2.409

Current 20.90 1.285 65.01 0.869

Table 5 displays the average attending resou
utilization and the percentage of patients whose total 
visit time exceeds 270 minutes.  These performan
measures are provided to show that the best alterna
(method 3) decreases both utilization and percentage
long visits.  As defined in the model, attending utilizatio
does not account for any research or teach
responsibilities required for the attending physicians. Sin
these activities are assumed to occur during “idle” times
is necessary to discuss the impact of the decrease
utilization with ED administration before making an
153
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changes to the actual system.  If the decrease in utiliza
is required to meet academic demands, then the propo
changes should be implemented.  If not, ED administrat
must determine whether or not the costs of decrea
utilization outweigh the benefits of shorter average vis
times and reduced number of long visits.

7 FUTURE WORK

Attending physician staffing is only one of man
components that affect the performance of an ED syste
In order to gain a better understanding and to identify ar
for improvement, it will be necessary to continue this stu
through the evaluation of nurse, resident/intern, and st
scheduling changes, as well as alternative layout a
patient flow designs.

REFERENCES

Banks, J., J. S. Carson, and B. Nelson. 1996. Discrete-
Event System Simulation. 2nd Edition, Prentice-Hall
Inc.

Draeger, M. 1992. An Emergency Department Simulati
Model Used to Evaluate Alternative Nurse Staffin
and Patient Population Scenarios.  In 1992 Winter
Simulation Conference Proceedings, ed.  J. J. Swain,
D. Goldsman, R.C. Crain, and J.R. Wilson, 105
1064, IEEE,  Arlington, VA.

Kumar, A. and R. Kapur. 1989.  Discrete Simulatio
Application - Scheduling Staff for the Emergenc
Room. In 1989 Winter Simulation Conference
Proceedings,  ed. E.A. MacNair, K.J. Musselman, an
P. Heidelberger, 1112-1120, IEEE, Washington, DC.

McGuire, F.  1994.  Using Simulation to Reduce Length 
Stay in Emergency Departments. In 1994 Winter
Simulation Conference Proceedings, ed. J.D. Tew, S.
Manivannan, D.A. Sadowski, and A.F. Seila, 861-86
IEEE,  Orlando, FL.

Naylor, T. H., and J. M. Finger  1967.  Verification o
Computer Simulation Models.  Management Science,
2, B92-B101

Van de Leuv, J.  H.  1987.  Management of Emergency
Services.  Maryland: Aspen Publication.

AUTHOR BIOGRAPHIES

MANUEL D.  ROSSETTI is an Assistant Professor in the
Industrial Engineering Department at the University 
Arkansas.  He received his Ph.D. in Industrial and Syste
Engineering from The Ohio State University. His resear
interests include the design, analysis, and optimization
manufacturing, health care, and transportation syste
using stochastic modeling, computer simulation, a
artificial intelligence techniques.  Dr. Rossetti is a
Associate Member of the Institute of Industrial Enginee
9



Emergency Department Simulation and Determination of Optimal Attending Physician Staffing Schedules

o

ing

f

y
i.
e
h
 of
and a member of the IIE OR Division.  Dr. Rossetti is als
a member of INFORMS and SCS.

GREGORY F. TRZCINSKI  has completed his M.S.
graduate studies in the Department of Systems Engineer
at the University of Virginia. He is currently working as a
Consultant at The Summit Group.

SCOTT A. SYVERUD is an Associate Professor in the
Department of Emergency Medicine at the University o
Virginia.  He received his M.D. from SUNY Syracuse and
completed his research fellowship and emergenc
medicine residency training at the University of Cincinnat
Dr. Syverud currently serves as medical director of th
emergency department at the University of Virginia Healt
Sciences Center and is completing his term as president
the Society for Academic Emergency Medicine.
1540


	MAIN MENU
	PREVIOUS MENU
	Search CD-ROM
	Search Results
	Print

