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ABSTRACT

This work addresses experience with a simulation mode
a full service cancer treatment center.  The objective wa
analyze patient flow throughout the unit, evaluate t
impact of alternative floor layouts, using differen
scheduling options and to analyze resources and pat
flow requirements of a new building.  The simulatio
model provided strong justification to relocate the cente
laboratory and pharmacy as well as identifying changes
scheduling procedures that would allow a 30% increase
patient throughput with the same resources.  The n
building analysis identified a waiting room area that w
too small for the increased patient flow.

1 INTRODUCTION

The M. D. Anderson Cancer Center Orland
(MDACCO) is a full-service cancer treatment facilit
wholly owned by Orlando Regional Health System
Currently, there are three buildings involved, one of whi
is the main hospital which provides in-patient beds f
MDACCO patients as well as for any other patien
referred by other oncology specialists.  The primary foc
of this study is the main MDACCO building with four
floors that house the facility’s medical staff, laborator
pharmacy and the Ambulatory Treatment Center (ATC
The ATC is where chemotherapy is administered.  A th
building houses a radiation treatment center and it
located within 300 yards of the main MDACCO building
Services provided in the latter building were not studi
but were of interest in planning joint waiting room areas 
a new facility.

The study at MDACCO was twofold.  The firs
objective was to model, analyze and improve patient flo
processes and increase capacity in the main facility 
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both the medical oncology practice and the ATC.  Th
involved the formation of a process improvement team 
key medical staff supported by UCF and led to the creati
of a simulation model for both practices using ARENA
This model allowed the comparison of layout alternativ
as well as providing a tool for evaluating the impact 
alternate scheduling procedures.

A second and perhaps the primary objective was 
translate this model to a new building which was bein
designed.  MDACCO had obtained the funding to build
new wing onto the main hospital that would integrate all 
the in-patient and outpatient cancer treatment into o
cohesive facility.  This new facility was designed t
increase capacity by more than 100%.  The mod
developed were scaled to reflect the increased ro
capacity, staffing and evaluate potential bottlenecks crea
by the increased volume and combined flow.

2 SYSTEM DESCRIPTION

Cancer treatment occurs in three different facilities in th
system.  The facilities are located near each other. Figur
shows how patients flow through the processes that ta
place at each facility and how they are related to ea
other.  The whole system was studied to understand 
patients’ flow but just one of the facilities, the cance
treatment center, was modeled.

There are two processes that take place there.  T
first process is referred to as medical oncology.  Durin
this process patients go to the facility to consult a medic
doctor. This process takes place on the fourth floor of t
building.  The second process is the ATC process. Patie
go through the ATC process to get treatment that lasts l
than eight hours.  During this process the patients rece
chemotherapy sitting in chairs that are located at the fi
floor of the building.



SepGlveda, Thompson, Baesler, Alvarez, and Cahoon
Areas modeled:

Figure 1: Functional Flow Model
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The patients were classified into four types based 
the sequence of activities that they go through once th
are at the medical facility.  These patients are identified 
medical oncology, ambulatory treatment center, injectio
and pre- processed patients.

2.1 Medical Oncology Patients

The flow for medical oncology patients is shown in
Figure 2.  All patients are scheduled and they arrive 
the fourth floor by appointment time.  If the patient ha
a port (device inserted under the skin of the patient 
surgical procedure to facilitate the blood drawin
process), the port nurse will take him/her to the po
room to draw the blood.  Otherwise either the la
technician or the nurse will take the patient to the bloo
draw room.  Then the patient will go back to the waitin
room until an exam room is available.  A doctor’s vis
could be from fifteen minutes to one hour in length
The patient evaluation can’t be completed until th
doctor gets the blood results.  After the doctor sees t
patient, he/she could be sent to the ATC for immedia
treatment or could be sent home.  All patients g
through “check out” to pay for the visit and make futur
appointments.  The process cycle time is between one
two hours and takes between 20 to 70 minutes befo
the doctor sees the patient.  The goal of this project w
to reduce this last time to 30 minutes.
ults
 to
s is
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2.2 Ambulatory Treatment Center – ATC

Most patients are scheduled and they arrive at ATC
appointment time.  The patient will follow the proce
shown in Figure 3.  Treatment is given in chairs that 
located in a room on the first floor of the facility.  The tot
cycle time of this process varies significantly because 
wide variety of treatment lengths.  The total time a pati
is in system is between 200 to 300 minutes and the t
until treatment is between 40 to 90 minutes.

2.3 Injection Patients

This type of patient goes to ATC just for an injection a
stays for about fifteen minutes.  They do not use 
treatment chairs.

These patients are all scheduled and they arrive
appointment time.  The patient goes to the treatment cen
for either an injection or fifteen-minute treatments.  Th
go directly from the waiting room to the injection cha
where the lab technician will take care of them.  If the 
technician is busy the patient will go to one of t
treatment chairs to be treated by a nurse.  The pa
leaves ATC after treatment.

2.4 Pre-Processed Patients

Some of the patients that go to ATC have already b
seen the day before and they have the blood drawn 
analyzed prior to the visit.  Because drugs and blood res
are available upon arrival, the patient goes directly
treatment chairs after check-in.  This streamlined proces
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Figure 2: Process Flow in Medical Oncology

Figure 3: Process Flow in ATC

Patient
Arrives

Vitals &
Blood
Draw

Wait for Test
Results & Drug

Preparation

Wait for
Chair

Chemo-
therapy

Patient
Exits

Location

Process
Flow

Reception
Desk

Blood
Draw
Room

Waiting
Room

Treatment
Area

Blood
Analysis

(Lab)

Drug Prep.
(Pharmacy)Patient Flow

Supporting Processes

Patient
Arrives

Port

Wait for
Room/

RN

Draw
Blood
(port)

No
Draw
Blood
(Vitals) Wait for

Room &
MD

MD
Consult

Write
Order

Patient
Exits

Desk Waiting room
Blood
Draw
Rooms

Waiting
Room

Exam Rooms
(8 available)

Checkout
DeskLocation

Process
Flow

Blood
Analysis

(Lab)
Patient Flow

Blood Test Flow

Patient
Pays &
Sched.
Appt.

Yes

Reception
l

l
e
o
e
y

 in
to

nt
ler

 be
rs

er
ion
er,
as

am
der
o
he
constrained only by chair availability or unusua
circumstances encountered in drug preparation.

3 SIMULATION PROCESS

Simulation is an excellent and flexible tool to mode
different types of environments.  It is possible to find in th
literature several simulation experiences in healthcare.  F
example, Garcia et al. (1995) presents a simulation mod
focused on reduction of waiting time in the emergenc
room of Mercy Hospital in Miami. Pitt (1997) presents a
simulation system to support strategic resource planning
healthcare.  Lowery (1996a) presents an introduction 
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simulation in healthcare showing some very importa
considerations and barriers in a simulation project.  Baes
et al. (1998) introduces important issues that have to
considered when interacting with healthcare practitione
during a simulation project.

A simulation model for the cancer treatment cent
was created using the simulation package ARENA, vers
3.0.  This model represents patient flow within the cent
as well as human and physical resources such 
physicians, nurses, lab technicians, receptionists, ex
rooms, treatment chairs, pharmacy and laboratory. In or
to represent the facility layout, a drawing using Visi
Technical 5.0 was created and imported to Arena.  T
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drawing was made to scale and considered all feature
the facility pertinent to the study.

3.1  Input Analysis

The simulated patient’s arrivals were generated fro
historical data gathered from the hospital personnel
charge of patient scheduling.  In this way the simulati
model was able to emulate the scheduling patterns use
the hospital personnel, as well as typical variatio
(lateness, earliness) observed in real life patients.  A sm
number of the medical oncology patients, after doc
examination, required ATC treatment.  These patients w
considered ATC walk-ins.  The model generates t
different arrival schedules for Medical Oncology and AT
patients.  Input analysis also was performed to determ
the duration of the following activities:

• Medical Oncology receptionist time
• Medical Oncology examination time
• Blood analysis time (laboratory)
• Co-pay time
• ATC receptionist time
• ATC treatment time
• Time to draw blood
• Drug preparation time (pharmacy)
• Injection time

Because no historical data was available, t
procedure used to determine the duration of these activ
was through expert opinion.  Hospital personnel in cha
of each of these activities were interviewed.  The results
these interviews were used to determine the best theore
distribution to represent each of the processes under st
Uniforms distributions were used in many situations 
well as triangular distributions containing as parameters
expert opinions about minimum, maximum and most like
duration of the activity.  The most variant activity was t
ATC treatment time.  This activity represents a very wi
range of treatment time that fluctuates between 30 minu
to around 9 hours and varies considerably depending
each patient.  Expert opinions, as well as some histor
data, were used to build an empirical distribution 
chemotherapy treatment time.  The amount of data by it
was insufficient to fit a theoretical distribution but wa
very helpful in order to identify different treatment leng
ranges.

3.2  Resources

The simulation model was constructed considering 
entire healthcare personnel and facilities involved.  Typ
and levels of resources are shown in Tables 1 and 2.
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Table 1: Medical Oncology Resources
Resource Quantity
Doctors 3
Nurses 4

Port Nurse 1
Lab Technicians 3
Receptionists 2

Room for Vitals 1
Port-Room 1
Exam Rooms 8

Table 2: ATC Resources
Resource Quantity
Receptionist 1
Nurses 4

LPN 1
Treatment Chairs 14
Port Room 1

Room for Vitals 1

In addition to the personnel listed above, two carriers
were included in the model.  These carriers are hospita
employees in charge of transportation within the hospital
Their role was to transport blood samples from ATC (first
floor) to the laboratory (fourth floor) and to transport
treatment drugs from the pharmacy (fourth floor) to ATC
(first floor).

3.3 Simulation Conditions

The cancer treatment center opens at 8:00 a.m. and clos
around 7:00 p.m. when all patients have left.  This type o
systems requires a simulation approach that replicates a
many times as necessary in order to obtain reliable
estimates of each system’s measures of performance.

A relative precision level of ±10% was used for this
study.  This level was chosen based on experience an
supported in the literature where less than ±15%
confidence intervals are recommended (Law and Kelton
1991).  The measures of performance used in the analys
are:

• Time until treatment (four types of patients)
• Time in system (four types of patients)
• Number of busy exam rooms at 4:00 p.m.
• Number of busy treatment chairs at 4:00 p.m.

Each simulation run (“replication”) focused on the
facility’s operation for a complete operating day.  This
means that the simulation starts empty and idle at 8:00 a.m
and runs until the number of patients that have left the
4
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center equals the number of patients that arrived that d
e.g., until the last patient has left.  The statistical analy
showed that 20 replications were sufficient to obta
reliable estimates of each system’s measures 
performance.

4 VERIFICATION AND VALIDATION

Verification is determining that the simulation compute
program performs as intended, i.e., debugging t
computer program.  Thus verification checks th
translation of the simulation model (e.g., flowcharts a
assumptions) into a correctly working program (Law an
Kelton 1991).  In order to verify our model, we followe
the development of the simulation code using the ”Trac
option of the ARENA simulation software. This comman
creates an output file showing every step performed by 
simulation model.

Once the model was verified the next step was 
validate it.  “Validation is the process of raising to a
acceptable level of user’s confidence that any simulatio
derived inference about the system is correct” (Pedg
Shannon and Sadowski 1995). Sargent (1984) expla
some of the techniques used to validate a simulat
model.  Lowery and Martin (1992) applies validatio
techniques to a heath care simulation model. Many of th
validation approaches make use of statistical analysis.  
were not able to apply these techniques due to the lac
sufficient historical data available.  For this reason we us
other techniques that involve simulated animation and 
customer (hospital personnel) directly in the validatio
process.  Kelton Sadowski and Sadowski (1998) expl
how animation represents an excellent tool to validate 
model when you are working with customers and ho
sensitive you should be about their feedback, especi
related to animation.  We applied this strategy by show
the simulation animation and results to the proce
improvement team and asked them their opinion ab
different aspects of the system, such as queue len
number of busy exam rooms, number of busy treatm
chairs etc.  In most cases they agreed with the simula
results.

However, some discrepancies were identified a
addressed based on the team’s experience.  One such
was a blood processing time discrepancy in the laborat
that occurred due to a misunderstanding of equipm
operation.  Even though the blood analysis machine w
loaded with five samples, it processed them sequentia
The initial simulation model assumed that all five sampl
were processed simultaneously.  Consequently the c
time was one-fifth of the true value.  Other mino
anomalies were similarly addressed and the model adju
to approximate reality.  A subsequent run yielded 
validated model.
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5 SCENARIOS

Once the model has been validated the analysis of differ
system configurations, scenarios, can begin. This pa
focuses on three major analyses performed.

1. Layout Scenario
2. Scheduling Alternatives Scenario
3. New Building Scenario

The first scenario is related to a major layout chan
proposed for the existing cancer treatment center.  T
second scenario focused on finding alternative patien
arrival schedules in order to obtained a better utilization
hospital resources.  The last scenario transferred the res
for the existing facility to simulate and analyze the impa
of a future building where the cancer treatment center w
to be integrated with radiation oncology and in-patie
care.

5.1 Layout Scenario

The layout changes considered the transfer of t
laboratory and pharmacy areas from the fourth floor, ne
medical oncology, to the first floor, near the Ambulator
Treatment Center.  This layout change was expected
decrease the transportation time between the pharm
(fourth floor) to ATC (first floor).  With this new
configuration the pharmacy can deliver drugs to ATC ju
passing them through a window that separates b
stations.

In addition, it was expected that medical oncolog
patients would spend less time waiting to draw blood sin
two additional blood drawing rooms were added an
additional staff was allocated for this purpose.

Processing the same patients under each opera
condition compared the new scenario.  Thus, a
differences observed between both scenarios will be du
the impact of the scenario themselves, not to the trea
patients.  The results are summarized in Tables 3 and 4.

Table 3: Time until Treatment
Type of Patient Improvement
ATC No difference
Medical Oncology 57 %
Injection 70 %
Pre processed No difference

Table 4: Total Time in System
Type of Patient Improvement
ATC No difference
Medical Oncology 32 %
Injection 23 %
Pre processed No difference
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These results represent the average syst
improvement for the new layout.  The “No difference
label means that the hypothesis test performed to comp
both scenarios reached the conclusion that, for t
particular measure of performance, there is no statistic
significant difference between both systems.

Medical oncology and injection patients show a
important improvement. ATC patients do not prese
improvements even though drug transportation time w
decreased considerably.  The reason for this is that, un
the new conditions (with laboratory and pharmacy nearb
the treatment chairs became the ATC’s bottleneck.  Ev
though drugs were ready sooner to be used by a pat
there still could be no chair available.  Therefore, t
simulation justified the need for adding more chairs 
ATC.  Space and staff constraints dictated that no m
than 1-2 chairs could be added in the existing facility.  T
model’s predictions were later validated in the be
possible form: The pharmacy and laboratory were mov
to the first floor and productivity (throughput) increase
(as predicted) for Medical Oncology but did not change
the Ambulatory Treatment Center.  Occupancy of the n
integrated facility will allow at least a 100% increase 
chair capacity.

5.2 Scenarios of Scheduling Alternatives

A second objective was to evaluate the system un
different scheduling options.  Because patients a
scheduled, the analysis of alternative schedules offer
powerful tool to optimize the resources utilization and 
increase the number of patients served per day.  So
experiences where different scheduling systems were u
for the patient admission process in healthcare can
found in Manansang and Heim (1996) and Lowe
(1996b).

The simulation shows that there are many idle cha
in the morning.  A different scheduling technique could 
used in order to increase the number of short-term (4 ho
or less) patients in the morning to decrease the numbe
idle chairs.  Based on the simulation results, this alterna
scheduling technique should lead to increased ch
utilization and more patients treated per day.

One of the basic criteria for this alternative was 
increase the number of patients during the morning with
saturating the system or increasing patients’ waiting tim
Another important issue was that management did not w
to extend operating hours, in other words, closing time w
very important.  Figures 4 and 5 show the ATC treatme
chair utilization profiles.  It was concluded that, over tim
chairs are busier under the proposed scheduling sys
when compared with the current one.
1546
re
t

ly

t
s
er
,
n
t,

e
e
t
d

t

r
e
a

e
ed
e

s

rs
of
e
ir

t
.

nt
s
t

m

Figure 4: Actual Scheduling Technique

Figure 5: Proposed Scheduling Technique

The proposed scheduling policy should increase cha
utilization significantly during the morning with decreasing
utilization later in the afternoon.  Table 5 shows a
comparison of the two alternatives considering the numb
of busy chairs at 4:00 p.m. and the average closing time.

Table 5: Comparison of Scheduling Approaches
Scheduling Busy Chairs at

4 PM (average)
Average Closing Time

As Is         11.7 5:52 PM
Alternative           8.4 5:35 PM

The alternative scheduling approach allowed averag
closing time to be reduced by 18 minutes and have few
people to service at 4 p.m.  However, we are also interes
in how many additional patients can be scheduled and s
allow the closing time to be no worse than with the existin
system.

From the plots and Table 5, it was concluded that ne
patients could occupy the idle chairs. In other words th
number of patients seen per day could be increased.  Ta
6 shows three new simulations where the number 
patients scheduled per day were increased in 10, 20 and
percent.
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Table 6: Effect of Increasing the Number o
Patients Scheduled per Day

Scheduling Busy Chairs at
4 PM (average)

Average Closing
Time

+10% (3 Pts.)          9.8 5:50 PM
+20% (6 Pts.)        10.0 5:58 PM
+30% (9 Pts.)        10.7 6:13 PM

This table shows that up to 30% more patients co
be seen using the proposed scheduling technique. 
average number of busy chairs at 4:00 p.m. remains lo
than the current system and the average closing time i
minutes later.  This suggests that an increase of 10-20%
the number of patients scheduled would meet the sa
closing time as we have today.  In all cases there would
fewer patients on average in the system at 4 p.m.  It 
recommended that staff be scheduled until 6 p.m. a
schedule 20% more patients.

5.3  New Building Scenario

This scenario considered the simulation of a futu
building where the cancer treatment center was to 
integrated with radiation oncology and in-patient care. T
building was designed for a capacity of over 100% of th
existing today.  The model was designed to study m
issues such as staffing, file movement, patient flo
bottlenecks and operating efficiency.  The first step in 
development of this model was to import from AutoCA
to ARENA the preliminary layout drawing. The drawin
was scaled in order to animate the simulation.  T
simulation considers three building floors.  The first flo
were patients draw blood and where the lab is locat
second floor where medical oncology is located and fou
floor where ATC and pharmacy will be located.  Th
results of the simulation showed only one area of conce
One waiting room was too small to accommodate 
combined flow. Therefore, it was recommended to 
aside additional space for waiting areas.  Waiting roo
were of particular interest since they were designed
accommodate a concentration of patients from one or m
of the treatment areas.  Also a factor of 2.5 had to 
applied to allow for an average number of friends a
family who accompany the patient.

6 SUMMARY AND CONCLUSIONS

This paper shows how decision making in a can
treatment center or any healthcare facility can be facilita
using simulation.  The first model presented in this stu
evaluated alternative layout configurations. The resu
obtained from this analysis showed that importa
improvements in patients’ flow time could be achieve
This model was also used to analyze different pati
scheduling approaches.  This analysis showed that 
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number of patients seen per day could be increased up 
20% without materially affecting the closing time of th
facility.  A second simulation model was developed 
analyze a new building where the center was to be mov
This building was designed for a capacity of over 100% 
that existing today.  The results showed that one of t
waiting rooms did not have sufficient capacity to suppo
the flow of patients. In addition to these results all th
simulated scenarios were used to identify bottlenecks a
to analyze patient flow and operating efficiency.

7 FUTURE RESEARCH

The new building simulation offers important researc
opportunities.  Including potential bottleneck areas such
parking spaces, elevators, etc. as part of this model wo
offer a more realistic view in terms of overall patient flow
capacity.  Future research on transition staffing and pati
demand would also provide insights into the transitio
from the existing to the new facilities. Another researc
area is to determine the maximum patient flow capaciti
for the new building.
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