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Management Summary

Baylor University Medical Center, a five-hospital complex located just north of
downtown Dallas, is one of the leading tertiary care teaching and referral centers in Texas
and the Southwest. The complex currently has 1,455 licensed beds with 681 people on
the medical staff. Our project focused on the planned heart hospital, which is to be built
across Worth Street from the main hospital tower. This eight-story facility would be
financed and run jointly by Baylor and three major cardiac physician groups. The third
floor of the hospital would house the cathology and electrophysiology labs that provide

diagnostic tests and host several non-emergency procedures.

A team consisting of Baylor employees and the Healthcare Environmental Design
architectural firm has been working on the floor plan and design of this facility. Because
the project involves multimillion dollar expenditures from both the physicians and the
hospital and performs tasks vital to the welfare of cardiology patients, the two sponsors
want to insure the facility can handle the expected patient flow in the new heart hospital.
As aresult, our team has been asked to collect data, run a simulation for the new facility,
and analyze the results. To accomplish this task, we used data taken from logs, hospital
databases, nurse and doctor estimates, and personal observations to construct a
MedModel (software designed to simulate medical facilities) model which simulated the
heart hospital environment. According to the simulation, the third floor of the heart
hospital will be able to support the expected patient flow with no glitches if some minor
changes are made. If the new facility is approved by Baylor and the physicians, it could

begin construction as early as September 1998.




Background

The purpose of our project was to work with a team of Baylor employees to create a
working model of the proposed heart hospital using a simulation program called
MedModel. We used the architectural blueprints created by Healthcare Environmental
Design as the basis for the model. Our group wanted to create a model which was easy to
understand, filled with meaningful statistics, and easily alterable to test the impact
changes in staffing or scheduling might produce. In addition, the simulation is intended
to assist the hospital in determining the exact number of rooms on the floor and the
necessity of building more labs. The information will be used by Baylor management to

help determine the floor plan of the hospital to be built later this year.

To create the model, our team compiled and analyzed data collected from hospital
databases, logs, nurses and doctors, and previous design projects. We also gathered data
while observing the current heart treatment facility over a two-week period. We used the
statistical output of the model to locate and reduce future problems with the new hospital.
The statistical data and final simulation will be used by the physician groups and Baylor

to help achieve the optimal staffing and scheduling mix for their new facility.




Data Collection

Data Sources

We used the following sources to obtain our data for the simulation:

1. Apollo Database: This hospital-wide database is run and maintained by John
Dixon. It is the computerized log of many cardiology procedures performed at
the current heart treatment facility. The database contains the procedure done,
time taken for the procedure, and subsequent destination of the patient. This
information was used to determine the distribution of cath lab procedure times,
patient types, and helped fill any holes in the patient flow charts.

2. Nurse’s Logs: These logs provided raw data not included in the Apollo
database. Specific data obtained from these logs include time spent in the 3 East
Observation room, 3 South Observation room, and cath holding. We took the
hard data from the nurse logs and entered them into our own database,

3. Nancy Vish: Nurse Vish, the senior managing cardiology nurse, provided
patient types for all different classes of patients. She also suggested initial
procedure times and patient flow quantities for several different types of patients
and provided confirmation for all patient procedure times and distributions.

4. Student Observation: Our team spent two weeks taking procedure times for
those tasks not included in the logs or the Apollo database. These include [V
times, EKG times, nurse interviews, and a few other tasks completed in the
treatment room before the main procedure.

5. Dr. Ed Bond: Dr. Bond, a cardiologist at Baylor, provided firm estimates for
electrophysiology, IDC, and pacemaker procedures which did not have enough
data points to accurately described with an continuous distribution.

6. Data From 2 Roberts South Project: We used family member arrival

numbers and distributions determined by a previous design team




Patient Types

Elective Cath Patient: These are outpatients who need to undergo cath
procedures. This initially consists of a simple assessment by the doctors; some
patients stop at this diagnostic step, whereas others need further invasive
treatment (such as an angioplasty, for example). The elective cath patients will
make up the largest part of the patient flow.

Pacemaker Patient: These are patients who need to have their pacemakers
remotely adjusted. The pacemaker patients also make up a large number of
patients in the heart hospital. They are treated in the EP labs.
Electrophysiology Patient: These are patients who have their hearts
electrically stimulated in the EP labs. These patients are also outpatients;
however, their time in the hospital is usually greater than average due to the
longer procedure time and the level of sedation (which requires a longer post-
procedure stay).

ICD Patient: These are patients who had an EP done the day before and the
doctors decided they need an ICD. The procedure is similar to a pacemaker
implantation—a electronic device is attached to the heart and provides periodic
shocks to the organ.

Ablation Patient: These are patients who had an EP done the previous and
their physician decided they needed an ablation. An ablation is a procedure in
which decaying heart cells are removed.

Biopsy Patient: These patients need a biopsy done on their heart. This
procedure occurs in the cath lab; the doctors insert a tiny device into the body and
“grab” a tiny piece of the heart. It is primarily a procedure practiced on transplant
cases.

Cardioversion Patient: These patients do not use the cath or EP labs;

Rather, they are kept in the inpatient or observation room and have their hearts
periodically “shocked” with electric paddles.




Right Heart Patient: Thesc patients need cath labs only on the right side of their
heart. They are treated just like normal cath patients; they do, however, have
shorter hospital stays.

Transfer/ED Patient: These patients are transferred from the Baylor

University Medical Center facility. They bypass the admission and pre-operation

treatment room. Most are admitted for cath labs, but some are there for EP labs.

Staffing

The staff which will run the new heart hospital consists of doctors, nurses, and
technicians from both Baylor and the physicians’ groups who will help finance the new
facility. The simulation attempts to record the activities performed on the patient by each
of the employees. '

Registration Clerk: The receptionist is a non-nurse who takes the proper documentation
from the patients as they arrive for their surgery. He/she will direct the patient to the
waiting room until a treatment room vacates.

Treatment Room Technician: The technician assists the patient in the treatment room.
He/she will perform the duties which do not require a nurse, such as undressing the
patient, taking the patient’s pulse, and testing the patient’s blood.

Treatment Room Nurse: This nurse will bring the patient from the waiting room to the
treatment room. He/she will run an IV, take the patient history, and perform other tasks
needed before the patient can undergo treatment.

Heart Nurse: These nurses escort the patient from the treatment room to the observation
and/or inpatient rooms. Then, they will take the patients from these rooms to the cath or
EP labs. After the procedure, the nurses will observe any patients who are recuperating
in the inpatient or observation rooms on a periodic basis.

Cath Observation Nurse: These nurses take patients from the cath labs to the cath
holding facility or the 3 East facility (or BUMC if the patient has had severe problems in
the lab). These nurses will also observe the patients in cath holding.

3-East Nurse: These nurses observe the patients in the 3-East facility.

Cath Teams: These are the teams which perform the cath labs on the patients.




EP Teams: These teams perform the EP procedures.

Each of the team members in the new hospital has duties not confined to those
enumerated here; these “extra” tasks include paperwork, data entry, and any emergency
duties which might arise if a patient has unexpected problems. These duties do not

directly effect the patients, and therefore are omitted from this model.




Statistical Analysis

MedModel uses both constant numbers and variable distributions to simulate certain
events such as patient arrivals, procedure times, and even the number of family members
arriving with each patient. To calculate these distributions, our design team used
ExpertFit, a software package designed to fit data to certain distributions. To accomplish
this task, we entered the raw data into a spreadsheet and then ran a statistical analysis.
Two results emerged from this process; first, several possible distributions were returned
by the computer, and second, a number which indicated the reliability of these
distributions was given. Ifthe reliability score was sufficient, that distribution was used.
If no suitable distribution was returned, our group manually entered the data into a user
defined distribution. All of the distributions and tables are included in an appendix later
in the report.

Arrivals: The arrivals basically follow two different types of distributions. The
first, applied to the high volume patients (such as cath patients), is a logarithmic
distribution. The mean for the distribution of the cath patients was 22.5 patients
per day, the minimum was 10 patients and the maximum was 35 patients. The
other arrivals did not have enough data to warrant statistical distributions. For
this reason, our group used the estimates given by Nancy Vish; however, due to
the small number of patients, the simulation should not be adversely effected. In
all, 19 non-cath patients can be expected every day. See the appendix for exact

numbers for all patient types.

Family Member Distribution: The family member distribution was taken from a

previous design project. We used this data to create an empirical table. Most

patients {65%) are accompanied by one or two family members.

Registration Process: This data was taken from direct student observation and

used to create an empirical table. Most patients (49%) take five minutes to

register; all are registered within two or three minutes of that mark.



Treatment Room: This procedure consists of an IV, blood lab, EKG, database

entry, and patient education. The distribution for each subprocedure is normal.
See the attached chart for specific means and standard deviations. Overall, the
mean for the treatment room time was 44.5 minutes and the standard deviation

was 12.5 minutes.

Cath Labs: The lab time was taken from the Apollo database and confirmed by
Nancy Vish. The data could not be suitably fit to any distribution; therefore, an
empirical tables were used. The mean time for the lab was 49.2 minutes with a

minimum time of 19.3 minutes and a maximum time of 90 minutes.

EP Labs: The lab time for EP labs, like that of the cath labs, was taken from the
Apollo database and could not be fit to any distribution, so an empirical table was
used. The mean for the procedure was 144.6 minutes with a minimum of 10

hours and a maximum of 45 minutes.

Biopsy Procedure: The biopsy data was taken from the Apollo database. It fit a
normal distribution with a mean of 25 minutes and a standard deviation of 5

minutes.

Ablation Procedures: Data on ablations was taken from medical logs. No curve

could be fitted to the procedure, so an empirical table was used. The mean time
for the procedure was 6 minutes, with a minimum time of 5 minutes and a

maximum time of 10 minutes.

Cardioversion Procedures: Data was insufficient for the cardioversion procedure;

however, due to the extremely small volume of cardioversion patients (one or less
per day), the 6 hour estimate given by Nancy Vish should not effect the outcome
of the model.



ICD Procedures: An empirical table was used to describe the distribution for this

procedure. The mean for the ICD’s was 145 minutes, the minimum time was 90

minutes, and the maximum was 240 minutes.

Right Heart Procedures: This procedure was fit to a normal curve; the mean was

30 minutes and the standard deviation was 5 minutes.

Pacemaker Procedures: No distribution was a suitable fit, so an empirical table

was used. The mean for the procedure was 131 minutes, the minimum was 90

minutes, and the maximum was 240 minutes,

Again, for more detailed information on the statistical distribution used, see the appendix
in back. This appendix provides best-fit curves for each type of data, empirical tables
Jrom which the distributions were derived, and the exact number of observations used to

map the data.




MedModel

MedModel is the computer software package used to simulate medical facilities. The
program has an extensive graphical interface, complete with dozens of computer
graphics. In this model, we entered the design given to us by Healthcare Environmental
Design firm and built locations and paths on top of the blueprints. We created the model
to an accurate scale—the software is detailed enough to include the time an employee

takes to walk from one room to the next.

In the model, the ten patient types follow paths from one location to the next. The
specific path taken by each patient depends on his/her patient type. The resources
(Baylor employees) also move along these paths from location to location either with a
patient or to meet one. The sofiware then collects statistics on locations, patients, and
resources after the model is run. For further reference, see the patient flow charts

included in a later appendix.

Model Components

Each model consists of several elements:

Entities: Entities are the elements which pass through the model and have actions
performed on them—in other words, in general, they dre the patients in the model. Our
model also consider family members to be entities. For a more detailed description of the

ten entities (patient types) see the preceding section on patient types.

Locations: Locations are places in the model where an action is done to an entity, even
if the action is only waiting. Each location in the model will be discussed in the

subseqguent section.




Path Networks: These are the paths the entities and resources take around the model.
Entities and resources travel around separate paths. Interfaces connect nodes on the path

to the locations in the model.

Resources: The resources are the members of the Baylor heart hospital team. They

include the techs, nurses, and doctors that treat patients.

Processing: Processing is the logic followed by the entities in the model; in general, the
processing is broken up into two parts—the movement of the entities along the paths, and

the actions taken upon them at their destination.
Arrivals: Arrivals dictate when and how frequently the entities arrive.
Attributes: Attributes are characteristics assigned to each of the entities. In our model,

these include number of family members, whether or not certain patients require an

overnight stay, and several other characteristics relevant to some patient types.

Locations

Entrance: This location is the point at which the majority of patients will enter
the model (with the exception of those patients like the ICD or Ablation patients
already in the model). It represents the door or elevator from which the patients

will emerge.

Registration Line: This is where the patients coming from the entrance will wait

until a registration clerk is available.

Registration Desk: The patients will fill out the preliminary documentation here

and then be directed to the waiting room until a treatment room opens.

Waiting Room: The patients will wait here until a treatment room opens.




Treatment Room: The patients will be sent here. A nurse and a technician will
run an IV, take patient histories, perform EKG tests, and prepare the patient for

his or her procedure.

Observation Rooms: The patients will wait in these rooms until the appropriate
lab is ready for them. In case these rooms are full, the patients will occupy an
inpatient room. Post-procedure patients will also come here if they do not need

the intensive observation provided at the cath holding or 3 East recovery rooms.

Inpatient Rooms: In case the observation rooms are full, the patients will wait
here for their procedure. These rooms will also be used to house any patients who

need overnight stays. Post-procedure patients will also recuperate here.

Cath Labs: These labs will be used for several procedures, foremost among

them, the actual cath lab procedure.

EP Labs: Several procedures, including electrophysiology labs and pacemaker

labs, will be performed here.

Cath Holding: Cath patients who do not need extensive observation will be kept

here after their labs before moving to inpatient/observation rooms.

3 East: EP patients and cath patients who need closer observation will be kept

here before they can be moved to an inpatient/observation room.

Departure: Patients and family members exit the model here.

BUMC: Not officially part of the model, BUMC is the main hospital to which

emergency cases will be sent. Transfer patients will also arrive from BUMC.




Patient Flow

These are the different paths that the patients take through the model. Many of the paths
are variable; in these cases, we have tried to give the exact percentages for the proportion
of patients that travel along each alternate route. Flow charts are also included in a later
appendix. Due to the numerous patient types, this section will only give a brief
description of their flow. For a more detailed description please consult the additional
material. Also, this simulation was concerned only with the third floor of the new
hospital—traffic outside this limited subject area was not explicitly noted in the
simulation. In the case that a patient does leave the third floor facility (and goes to

BUMC, for example), the model (and the flow chart) will just show the entity departing.

Elective Cath Patient

This patient will enter the model at the official entrance and then move to the
registration line to wait to register. From there, the patient will wait in the waiting
room until a treatment room is open. From the treatment room, the patient will
move into either an observation room or an inpatient room (the observation room
will have priority) until the cath lab is ready. After the cath procedure, the patient
will go one of three places. If the cath team decided not to use an interventional
procedure (as happens in 56% of the cases), the patient will move to the cath
observation room. Ifthe patient does require intervention (29% of cases), he/she
will be moved to the 3 East recovery room. If the patient was a transfer from
BUMC (14%), they will be discharged and transported back to the main hospital.
For those patients that remain in the heart hospital, they will be moved to an

observation or inpatient room and discharged after a rest period.

EP Patient
These patients will arrive and register, just as the cath patients do. They follow

the same path to the observation/inpatient rooms; however, from there, the EP



patients travel to the EP lab. After the lab procedure, about half of the patients are
well enough to be moved to an observation/inpatient room. However, due to the
need for heavy sedation during the procedure, the other half of patients are moved
to the 3 East recovery room. After four to six hours of observation, both types of

patient are usually released.

Pacemaker Patient

The pacemaker patients follow the same path through registration, treatment, and

to the observation/inpatient room as do the EP and cath lab patients. Like the EP

patients, they are moved to the EP lab. However, their procedure is usually much
shorter and less invasive than the EP patients’, so they usually do not require

recovery in 3 East. These patients are held in an inpatient/observation room until
11:00 AM the next day.

ICD Patients

These patients are ones that have already undergone an EP procedure, but the
doctors feel their is a need to insert the ICD device. Therefore, since they are
already in the system, these patients bypass the normal entrance process
completely. For the purpose of this model, they are assumed to have entered the
system directly into an inpatient/observation room. From there, the patients will
move to the EP labs for their procedure. Due to the highly invasive nature of this
procedure, all ICD patients spend time in the 3 East recovery room. From there,
they will move to an inpatient/observation room until 3:00 PM the next day when

they are discharged.

Ablation Patients

Similar to ICD patients, ablation patients are former AP patients who need further
treatment. These patients enter the system (for the purpose of this model) in the
inpatient/observation rooms. From there, the patient will move to the EP lab,
where he/she will undergo the ablation. Again like the ICD procedure, ablations

are highly invasive, and the ablation patients require observation in the 3 East




recovery room. From there, they will be moved back to an observation/inpatient

room until they are discharged at 3:00 PM the next day.

Biopsy Patients

Biopsy patients arrive and register in the same fashion as do cath patients or EP
patients. From the waiting room area, however, they bypass the
observation/inpatient rooms and move directly to the cath lab. For most (90%) of
the biopsy patients, the procedure is relatively minor and they are discharged
immediately after the biopsy. However, for the 10% of patients who undergo a

groin biopsy, a short stay in the cath observation recovery room is needed.

Right Heart Patients

These patients arrive, register, and move to an observation/inpatient room just like
the cath patients do. From there, they move to the cath lab and have the right
heart procedure done. A slight majority of the patients who undergo the
procedure (60%) are ready to be discharged after the lab; however, a significant
number (40%) need to be transferred to BUMC for further treatment.

Transfer Patients

Some patients are transferred from BUMC to the heart hospital; these patients
enter through the normal entrance, but they bypass the registration line and
waiting room and move straight to an observation/inpatient room. Ninety percent
of the patients are at the heart hospital for a cath lab, and these patients enter the
cath lab path at the inpatient/observation node. The remaining 10% enter the EP
lab path at the same point. When discharged, these patients are treated like any
other within the model, although in reality, they will move back to BUMC.

Cardioversion Patients
These patients arrive and register and wait like cath or EP patients. From there,
they move to an inpatient/observation room, where the cardioversion treatment is

performed on the patient. After a four hour treatment, the patient is discharged.




Model Analysis

After completion, we tested the model by running it several dozen times to insure no
problems existed. Initially, we tested it with the staffing and lab numbers given to us by
the doctor groups and Baylor. These initial figures included two registration clerks, two
treatment nurses, two treatment technicians, eight heart nurses, six cath lab teams, three
EP lab teams, two 3 East nurses, and four cath holding nurses. The day at the heart
hospital will officially run from 7:00 AM to 11:00 PM—seventeen hours. However, with
these initial resources, the operating time of the hospital was more than twenty-eight
hours, well over the seventeen hour target. Therefore, we altered several different

resource levels,

The first main problem we discovered was with the treatment nurses. With the initial
level of two nurses, the treatment rooms were simply being underutilized—in fact, two of
the cath labs were unused because not enough patients were running through the model.
Our group found that by increasing this number to three nurses, the treatment room could
be fully utilized. This reduced the total time to 21:02, about four hours over the target

time.

The next “bottleneck™ we tackled was the 3 East nurses. We noticed that several patients
were forced to remain in the cath and EP labs well after their procedures were finished.
The nurses in 3 East seemed hopelessly overloaded, so we increased their number until
time improvement stopped. We found that five is the optimal number for the 3 East

nurses. By increasing the number to five, the simulation time was cut to 17:30.

Finally, we tried to shave off the extra time by increasing the number of heart nurses. We
found that nine of these nurses is the optimal number, With this many nurses, we
whittled the total time down to 17:01-—well within a reasonable margin of error for the

desired operating time.



Because several of the patient types required nearly all of the seventeen hours for their
procedure and recovery time, we did not try to further lower the simulation running time.
Instead, we ran several scenarios to determine if any “fat” existed in the system. We tried
lowering the number of technicians, registration clerks, cath holding nurses, and many of
the other non-critical variables. Not surprisingly, we found that several resources can
actually be reduced with no negative impact on the overall time. For example, the new
hospital has 23 inpatient rooms, Or simulation indicates that this number could be
lowered to 22 rooms with no adverse impact. Otherwise, we found the optimal number

of each resource to be:

Registration Clerks: 2
Treatment Nurses: 3
Treatment Technicians: 2
Heart Nurses: 9
3 East Nurses: 5
Cath Holding Nurses: 4
Cath Teams: 6
EP Teams: 6
Treatment Rooms: 4
Inpatient Rooms: 22
EP Labs: 3

Perhaps most surprisingly, we found that the hospital could actually lower the number of
cath labs to five with only a minor negative time cost (5 labs used about 15 more minutes
than 6). However, other considerations must be balanced before eliminating a lab. If one
of the five remaining cath labs was to go down, only having four labs would provide a
serious bottleneck in the patient flow. So, although eliminating one of the cath labs
might be economically attractive on paper, we would not recommend the risk, especially

when people’s lives might be at risk.




Conclusions and Recommendations

Baylor and the doctors’ groups are planning on spending a lot of money on their new
heart facility; before they do so, they need to be certain the facility they are building is
adequate to handle the expected patient flow. Our mode! indicates that with only a few
minor changes, such as using more treatment and heart nurses, their new hospital will be

able to handle the number of patients expected to come through the building.

The model, with its ten patient types and mutiple laboratory facilities, was a complex
one; our design team, however, attempted to create a completely unbiased simulation.

After analyzing the model, we would make the following recommendations:

1.) Increase the staff levels so they at least meet the numbers given under “Model
Analysis.”

2.) Determine whether or not the space which houses the inpatient room that our
model indicates is superfluous can be used for a more necessary facility.

3.) Include six cath labs in the new facility—even if the sixth lab is a bit

unnecessary, it provides “insurance” in case one of the other labs malfunctions.

For more detailed information (scenario results, empirical data, floor plans, etc.) please

refer to the accompanying appendices.




MedModel Processing
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Name Cap Units Stats Rules Cost
Entrance inf 1 Time Series Oldest, ,
Desk 2 1 Time Series Oldest, ,
Waiting Room inf 1 Time Series Oldest, ,
Treatment Room 4 1 Time Series Oldest, ,
Inpatient Room 23 1 Time Series Oldest, ,
Observation_Room 7 1 Time Series Oldest, ,
Three East 9 1 Time Series QOldest, ,
EP_1 1 1 Time Series Oldest, ,
EP 2 1 1 Time Series Oldest, ,
EP_3 1 i Time Series 0Oldest, ,
Cathl 1 1 Time Series Oldest, ,
Cathz 1 1 Time Series Oldest, ,
Cath3 1 1 Time Series 0Oldest, ,
Cath4 1 1 Time Series Oldest, ,
Caths 1 1 Time Series Oldest, ,
Caths 1 1 Time Series Oldest, ,
Cath Holding 6 i Time Series OQOldest, ,
Regline INFINITE 1 Time Series Oldest, ,
Departure inf 1 Time Series Oldest, ,
Staff room inf 1 Time Series QOldest, ,
desk_workers 2 1 Time Series Oldest, ,
BUMC inf 1 Time Series Oldest, ,
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Name Speed (fpm) Stats Cost
Cath 114 Time Series
Fam member 114 Time Series
EP 114 Time Series
ICD 114 Time Series
Biopsy 114 Time Series
Cardiovers 114 Time Series
Right Heart 114 Time Series
Transfer ed 114 Time Series
PM 114 Time Series
Ablation 114 Time Series
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14.
10.
10.
19.
15.

84
40
67
69
33

6.81
7.58
6.80

21.

96
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N7 N37 Bi 20.37 1
N30 N38 Bi 20.36 1
N30 N33 Bi 6€.70 1
N29 N40 Bi 10.46 1
Nz8 N41 Bi 11.06 1
N23 | N42 Bi 11.76 1
N32 N43 Bi 5.44 1
N35 N44 Bi 5.33 1
N23 N45 Bi 8.23 1
N28 N46 Bi 11.11 1
N29 N47 Bi 9.74 1
N30 N48 Bi 36.46 1
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* Interfaces *
2 A AR R RS A EE R RS R R AR R R A SR EE R R AR R R R SRR RS R AR ERA LA RR SRR EERR R RS RS R R R R R EREREREEEE RS X

Net Node Location
PT NET N4 Treatment Room
N7 Inpatient Room
N18 EP_3
N19 Cath4
N20 EP_1
N20 EP_2
N20 Cath2
N21 Cathil
N1S Cath3
N23 Cathb
N25 Cathé
N26 Cath_Holding
N22 Three East
N3 Desk
N1 Regline
N1 Entrance
N1 Departure
N2 Waiting_Room
N32 BUMC
Nz27 Observation Room
STAFF_NET N7 Treatment_Room
N1l Inpatient_ Room
N34 Cath_Holding
N31 Three East
N1 Staff_ room
N27 Observation Room
N37 Waiting Room
N36 Desgk
N39 Cathl
N40 Cath2
N41 Cath3
N42 Cath4
N43 Caths
N45 EP_3
N46 EP 2
N47 EP 1
N44 Cathe
N48 BUMC

(A2 22 R RS R AR R RS ELEE SRS R RS R RS R Rt SS R a R ES Rl R ERERRLE SRS LSS

* Resources *
I EE R E R TR E R R R E R R R L R RIS RS LY S AS R AR RS EE LRSS S SRS SRR R SRR SRR R R LR AR R YRR AR R SR &L L

Res Ent
Name Units Stats Search Search Path Motion Cost



pre nurse 4 By Unit Closest Oldest STAFF NET Empty: 114 fpm
Home: N1 Full: 114 fpm

(Return)}

pre_tech 2 By Unit Closest Oldest STAFF_NET Empty: 114 fpm
Home: N1 Full: 114 fpm
(Return)

reg 2 By Unit Closest Oldest STAFF NET Empty: 114 fpm
Home: N36 Full: 114 fpm
(Return)

heartnurse 8 By Unit Closest Oldest STAFF_NET Empty: 114 fpm
Home: N1 Full: 114 fpm
(Return)

eniurse 6 By Unit Closest Oldest STAFF_NET Empty: 114 fpm
Home: N31 Full: 114 fpm
{Return)

obsnurse 2 By Unit Closest Oldest STAFF_NET Empty: 114 fpm
Home: N34 Full: 114 fpm
{Return)

cathteam 6 By Unit Closest Oldest STAFF_NET Empty: 114 fpm
Home: N38 Full: 114 fpm
(Return)

epteam 3 By Unit Closest Oldest STAFF_NET Empty: 114 fpm
Home: N38 Full: 114 fpm
(Return)
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* Processging *
t 2SS EEE I X RS EEL A RS EE RS R EEREEE SRR RS R RERS SRR R R R RE AR RS R AR R REESSEEEEEESEEEELE]

Process Routing

Entity Location Operation Blk Qutput Destination

Cath Entrance CATH_LOS = Clock()

FAM MEM = NO_FAM MEMBERS()
CREATE FAM MEM AS Fam member

CATHPT=1
Cath _Dest = Cath Dest_table()
1 Cath Regline
Cath Regline i Cath Desk
Cath Desk USE reg FOR N{5,1)
1 Cath Waiting Room
Cath Waiting Room INC Waitroom_count, 1

If Waitroom_count > Waitroom max then
Waitroom max = Waitroom count
1 Cath Treatment Room

Cath Treatment Room  USE pre_tech FOR N(5,1)
USE pre_tech FOR N(5,1)
USE pre nurse FOR N(7,1)

1 Cath Inpatient_ Room



Cath

Cath

Cath

Cath

Cath

Cath

Cath

Cath

Cath

Cath

Cath

Fam member

Fam member

Inpatient_Room

Observation_Room

Cathi

Cath2

Cath3

Cath4

Cathb

Cathse

Three_ East

Cath Holding

Departure

Entrance

Waiting Room

Macro_room 1
2
Macro_room 1
2

Macro_ cath

1
2
3
Macro_cath 1
2
3
Macro_cath 1
2
3
Macro_cath
1
2
3
Macro_cath 1
2
3
Macro_cath 1
2
3

USE enurse FOR -488+W({7.06,969)

1

USE obsnurse FOR CATH_OBS_TABLE ()

1

JOIN FAM MEM Fam member

log "Cath Average LOS", CATH_LOS

FREE ALL
1

1

Cath
Cath

Cath
Cath
Cath
Cath
Cath
Cath

Cath

Cath
Cath
Cath
Cath
Cath
Cath

Cath

Cath
Cath

Cath

Cath
Cath
Cath

Cath
Cath

Cath
Cath
Cath
Cath
Cath
Cath
Cath
Cath
Cath

Cath

Cath

Cath

Cath

Cath

Fam_member

Observation Room F

Cathi

Cath2
Cath3
Cathd
Cathb
Catheé
Departure

Cathl

Cath2
Cath3
Cath4
Caths
Cathe
Departure

Cath Holding

Three East
BUMC

Cath Holding

Three_East
BUMC
Cath_Holding

Three_East
BUMC

Cath Holding
Three East
BUMC
Cath_Holding
Three_ East
BUMC
Cath_Holding
Three_ East
BUMC

Inpatient Room

Observation_ Room

Inpatient_ Room

Observation_ Room

EXIT

Waiting Room

F
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F1
Fl

FI
F1
FI
FI

FI
FI

FI

F1 -

FI

FI'°
FI .
FI -

FI1 .
FI
FI -

FI :

FI -

FI+

FI .

FI

FI°




INC Waitroom_count, 1
If Waitroom count » Waitroom max then
Waitroom max = Waitroom_count

1 Fam_member Departure J¢
Fam_member Departure
FREE ALL
1 Fam_member EXIT FjI
Cath BUMC INC BUMC_count
GRAPHIC 2 1 Cath Departure F1
EP Entrance EP_LOS = Clock ()
EP_ATT=EP_ROUTE_TABLE ()
PRCO_DONE=0

FAM MEM = NO_FAM_MEMBERS ()
CREATE FAM MEM AS Fam_member

1 EP Regline F1
EP Regline 1 EP Desk FI
EP Desk USE reg FOR N({(5,1) o

1 EP Walting Room FI
EP Waiting Room INC Waitroom_count, 1

If Waitroom_count > Waitroom max then
Waitroom max = Waitroom count
1 EP Treatment_Room FI

EP Treatment Room USE pre_tech FOR N({5,1)
USE pre_tech FOR N(5,1)
USE pre nurse FOR N(7,1)

1 EP Inpatient Room  FI
EP Observation Room FI
EP Inpatient_ Room Macro_ room 1 EP EP 1 FI
EP EP_2 FI
EP EP_3 FI
2 EP Departure FI
EP Observation Room Macro_room i EP EP_1 FI
EP EP 2 FI
EP EP_3 FI
2 EP Departure FI
EP EP_1 Macro_ep 1 EP Three_East FI
2 EP Inpatient_Room  FI
EP Observation_Room FI
EP EP 2 Macro_ep 1 EP Three_East FI
2 EP Inpatient Room  FI
EP Observaticn_ Room FI
EP Departure JOIN FAM MEM Fam member

log "EP Average LOS", EP_LOS
FREE ALL 1 EP EXIT FIT



EP

EP

ICD

ICD

ICD

ICD
ICD

ICD
ICD

Biopsy

Biopsy

Biopsy

Biopsy

Biopsy

EP_3

Three_East

Inpatient Room

Observation_Room

Departure

EP_1

EP_2

EP 3
Three East

Entrance

Regline

Desk

Waiting Room

Cathi

Macro_ep

USE enurse FOR N(54,27)

ICD_LOS =
ICD_ATT=1

WAIT 120
Macro_room

Macro room

JOIN FAM MEM Fam member

Clock ()

1

2

1

2

EP

EP
EP

EP

ICp

ICD

ICD
ICD

ICD
ICD
ICD
ICD

log "ICD Average LOS", ICD LOS

FREE ALL
Macro_ep
Macro ep

Macro ep

USE enurse FOR N{54,2

BIOP LOS =

Clock ()
BIOP=BIOP GROIN()

1
1
1
1

7}
1

ICD

Icp

ICcp

ICD

ICD

ICD

FAM_MEM = NO_FAM MEMBERS ()
CREATE FAM MEM AS Fam_member

USE reg FOR N(5,1)

INC Waltroom count,

1

1

1

Biopsy

Biopsy

Biopsy

Three_ East

Inpatient Room
Observation_Room

Inpatient Room

Observation_Room

EP_1
EP_2

EP_3
Departure
EP_1
EP_2
EP_3
Departure

EXIT

Three East
Three_East
Three_ East
Inpatient_Room

Observation Room

Regline

Desk

Waiting Room

If Waitroom_count > Waltroom _max then

Waltroom max

Macro_cath

Waitroom_count
1

Biopsy

Biopsy
Biopsy
Biopsy
Biopsy
Biopsy

Biopsy

Cathil

Cath2
Cath3
Cath4
Caths
Cathé

Cath Holding

F1

F1

FI
FI

FI
FI

FI
FI

FI

FI

Fl

FI

Fl

FI

FI

FI

Pl

FI

FI

FI.

FI

FT

FI

FI



Bicpsy

Biopsy

Biopsy

Biopsy

Biopsy

Biopsy

Biopsy

Cardiovers

Cardiovers

Cardiovers

Cardiovers

Cardiovers

Cath2

Cath3

Cath4

Caths

Cathé

Cath Holding

Departure

Entrance

Regline

Desk

Inpatient_Room

Observation Room

Macro_cath

Macro_cath

Macro_cath

Macro_cath

Macro_cath

1

2

USE obsnurse FOR N(45,

JOIN FAM MEM Fam_ member

1

Biopsy
Biopsy
Biopsy
Biopsy
Biopsy

Biopsy
Biopsy

Biopsy
Biopsy
Biopsy

Biopsy

15)

Biopsy

log “Bioﬁsy Average LOS", BIOP_LOS

FREE ALL

CARD LOS = Clock ()

1

Biopsy

FAM_MEM = NO_FAM MEMBERS ()
CREATE FAM_MEM AS Fam_member

USE reg FOR N(5,1)

USE heartnurse
WAIT 30
UUSE heartnurse
WAIT 30
USE heartnurse
WAIT 30
USE heartnurse
WAIT 30
USE heartnurse
WAIT 30
USE heartnurse
WAIT 30
USE heartnurse
WAIT 30
USE heartnurse

USE heartnurse
WAIT 30
USE heartnurse
WATIT 3¢
USE heartnurse
WAIT 30
USE heartnurse
WAIT 30

FOR

FOR

FOR

FOR

FOR

FOR

FOR

FOR

FOR

FOR

FOR

FOR

1

1

Cardiovers

Cardiovers

Cardiovers

Cardiovers

Cardiovers

Departure
Cath_Holding
Departure
Cath Holding
Departure

Cath_Holding
Departure

Cath_Holding
Departure
Cath Holding

Departure

Departure

EXIT

Regline

Desk

Inpatient_Room

FI

i

I

FI

FI

FI

FI

Observation Room FI

Departure

FI -




Cardiovers

Right_Heart

Right Heart

Right_Heart

Right Heart

Right_ Heart

Right Heart

Right Heart

Right_Heart

Right Heart

Right_ Heart

Right Heart

Right Heart

Right Heart

Right Heart

Departure

Entrance

Regline

Desk

Waiting Room

USE heartnurse FOR 5
WAIT 30

USE heartnurse FOR 5
WAIT 30

USE heartnurse FOR 5
WAIT 30 1 Cardiovers Departure
JOIN FAM MEM Fam member

log "Cardioversion Average LOS", CARD_LOS

FREE ALL 1 Cardlovers EXIT

RIGHT_LOS = Clock ()
RIGHT= RH dest table()
FAM_MEM = NO_ FAM MEMBERS()
CREATE FAM | MEM AS Fam_member
1 Right Heart Regline

1  Right_Heart Desk

USE reg FOR N(5,1)

1 Right Heart Waiting_ Room

INC Waitroom c¢ount, 1
1f Waitroom_count > Waitroom max then
Waitroom _max = Waitroom count

1 Right_ Heart Inpatient_ Room

Right_Heart Observation_Room

Inpatient_Room  Macro_room 1 Right_Heart Cathl
Right__ “Heart Cath2
Right Heart Cath3
Right Heart Cath4
Right “Heart Cath5
Right Heart Cathé
Cathl Macro_cath 1 Right_Heart Departure
2 Right Heart BUMC
Cath2 Macro_cath 1  Right_Heart Departure
2 Right Heart BUMC
Cath3 Macro cath 1 Right Heart Departure
2 Right Heart BUMC
Cath4 Macro_cath 1 Right Heart Departure
2 Right EHeart BUMC
Caths Macro cath 1 Right Heart Departure
2 Right Heart BUMC
Cathé Macro_cath 1 Right Heart Departure
2 Right Heart BUMC
BUMC INC BUMC count, 1
GRAPHIC 2 1 Right Heart Departure
Departure JOIN FAM MEM Fam member
log "Right Heart Average LOS", RIGHT_ LOS
FREE ALL 1 Right Heart EXIT
Observation Room Macro room 1 Right Heart Cathl

Right_ Heart Cath2

Fl

FI

FI

FI

FI

FI

FI
FI
FI
FI
FI
FI

FI .
FI -

FI ;

FI

FTI :

FI
FI :

FI :

FT -

FI .

FI

Fr °

FI. @

FI.
FI .

FI .




Right Heart Cath3
Right Heart Cath4
Right_ Heart CathS5
Right Heart Catheé

2 Right_ Heart Departure

TRANS LOS = Clock ()

Transfet_ed Entrance .
TRANS=TRANS_ROUTE ()

1 Transfer ed Inpatient_ Room

Transfer ed Inpatient Room

Hmmme

‘Macro_room

Transfer_ed

Transfer ed
Transfer_ed
Transfer ed
Transfer ed
Transfer_ed
Transfer ed
Transfer ed
Transfer ed
Transfer_ed

Cathl

Cath2
Cath3
Cath4
Cath5
Caths
EP 1

EP_2

EP 3
Departure

Transfer_ed Cathil Macro_cath Transfer_ed Cath Holding
Transfer ed Three East
Transfer ed Cath2 Macro_cath Transfer ed Cath_Holding
Transfer ed Three_ East
Transfer_ed Cath3 Macro_cath Transfer_ed Cath Holding
Transfer ed Three_ East
Transfer ed Cath4 Macro_cath Transfer ed Cath_Holding
Transfer ed Three East
Transfer _ed CathS Macro_cath Transfer ed Cath Holding
Transfer ed Three East
Transfer_ed Cathé . Macro_cath Transfer_ed Cath_Holding
Transfer ed Three East
Transfer_ed EP_1 Macro_ep Transfer_ed Three_East
Transfer_ed EP_2 Macro_ep Transfer_ed Three_ East
Transfer ed EP_3 : Macro_ep Transfer_ ed Three_East

Transfer_ed

Cath Holdin

USE obgnurse FOR 120

Transfer ed

Inpatient_ Room

Fl
Fl
FI
Fl
FI
FI
FI
FI
FI
FI
FI
FI
FI
FI
FI
FI
FI
FI
FI
FI
FI
FI
FI
FI
FI

FI

Transfer ed Three East USE enurse FOR 120

1 Transfer ed Inpatient_ Room
JOIN FAM MEM Fam_member
log "Transfer Average LOS", TRANS LOS

FREE ALL 1  Transfer ed EXIT

Transfer ed Departure



PM

PM

PM

PM

PM

PM

PM

PM

PM
PM

PM

Ablation

Ablation

Entrance

Regline

Desk

Waiting_ Room

Treatment Room

Inpatient Room

Observation_ Room

EP_1

Ep 2

EP_3

Departure

Entrance

Inpatient Room

PM_LOS = Clock()
PM_ATT=1

FAM MEM = NO_FAM MEMBERS ()
CREATE FAM MEM AS Fam member

1 PM

1 PM
USE reg FOR N(5,1)

1 PM

INC Waitroom_count, 1

Regline

Desk

Waiting_ Room

If Waitroom count > Waitroom_max then

Waitroom_max = Waltroom count
1 PM

USE pre_tech FOR N(5,1)
USE pre_tech FOR N{5,1)
USE pre nurse FOR N{(7,1)

1 PM

PM

Macro_room 1 PM
PM

PM

2 PM

Macro_room 1 PM
PM

PM

2 PM

Macro_ep 1 PM
PM

Macro_ep 1 EM
PM

Macro_ep 1 PM
PM

JOIN FAM MEM Fam_member
log "PM Average LOS", PM_LOS

FREE ALL 1 PM

Ab LOS = Clock()
Ab ATT=1

FAM MEM = NO_FAM_MEMBERS()
CREATE FAM_MEM AS Fam_member
1 Ablation

Macro_room
1 Ablation

Ablation
Ablation
2 Ablation

Treatment_Room

Inpatient_Room

Observation_Room

EP_1

EP_2
EP_3
Departure
EP_1
EP 2
EP_3
Departure

Inpatient_Room

Observation_Room

Inpatient_Room

Observation_Room

Inpatient_ Room

Observation_Room

EXIT

Inpatient_Room

EP_1

EDP 2
EP 3
Departure

F1

FI

FI

FI

FI
FI
FI

FI
FI
FI
FI

FI

FI
FI
FI
FI
FI

FI

FI

FI
FI
FI



Ablation
Ablation

Ablation
Ablation

Ablation

EP_1
EP 2

EP 3
Three_East

Departure

Macro_ep 1 Ablation Three_East F:
Macro_ep 1 Ablation Three_Fast F:
Macro_ep 1 Ablation Three_ East F:

27}
1 Ablation

USE enurse FOR N({54,
Inpatient Room F:

JOIN FAM MEM Fam member

log "AB Average LOS", Ab _LOS

FREE ALL 1 Ablation EXIT F1
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*

Arrivals *

EE R R R Y T e e Y e e E P T S R RS A AL 2R AR RS R T )

EP
ICD
Biopsy

Cardiovers
Right Heart
Transfer_ed
Ablation

PM

Location

Entrance

Entrance
Inpatient Room
Entrance
Entrance
Entrance
Entrance
Entrance
Entrance

Qty each First Time Oc¢currences Freguency Logic
P{22.5,2) S+N(0,2) 1 0

3 1 1 10

1 0 1 0

1 6 15

1 1 60

1 4 60

2 1

1 1

2 1
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*

Attributes *

khkhkdkkhkhhhhhhkhhkdohkkhkhhkddkkhkhkhkhkdthkhdkdhrhhddrhrhdrhdrrhhhbhdrrdddrkdkbarrdrrrhrhrhhdhhh ik

D Type
FAM_MEM Integer
CATH_LOS Real

#

#0 for no, 1 for yes
PRO_DONE Integer
EP_LOS Real
RIGHT LOS Real
CARD LOS Real
BIOP_LOS Real
ICD_LOS Real
TRANS LOCS Real
BICP Integer
CATHPT Integer
RIGHT Integer
TRANS Integer
TRANSENT Integer
Cath Dest Integer
CATH_3E_STAY Real
CATH OBS_ STAY Real
EP _ATT Integer
CATH_IN ROOM Real
ICD_ATT Integer
TRANS_ CATH_TEST Real
TRANS EP Integer
PM LOS Real
PM_ATT Integer
Ab LOS Real

Clagsification



Ab_ATT Integer Entity
cath_op_time_temp Real Entity
cath_op_time Real Entity

hkkhkhkkhkkhkhkhkhkdkdhkhkhkhkhkhhhhkkkhhhkhhdhdhhhkhbkhkdkhkhkredhrrhhbrdhkhbhbhrhbdhbhbrtddrrdbhrrhhdtd

* Variables {(global) *

dhhkdkdedkkdrdrrhkdkdkktrhhrhbhbhhdrbkdkd bk dhhrdrdbhbhkrrrdrhkddhbhrdrhrhkrdhkdrrddrhrrdrbbrr it dhd

ID Type Initial value Stats

Waitroom max Integer 0 Time Series
Waitroom_count Integer 0 Time Series
BUMC_count Integer 0 Time Series

LA AR RS AR EE SRR E RS RS R d R R Rt ittt Rttt YRR EESE TR

* Macros *
Thhkhkdkhkdkhkhkdhddtdhrhrdhdhbddhkhkhhbhhbhddhhhkhhkhhhkhrrrkdhdhhhrrkhhhbhbhddtdhhbhkkdrhkdddhbiddhdhiddtkhhi

ID Text

Macro_room IF PRO DONE = 0 AND TRANS=2 THEN
{USE heartnurse FOR N(7.5, 2.5)+N(12, 4)+N(7.5,2.5)
ROUTE 1 }

IF PRO DONE=0 AND TRANS=1 THEN
{USE heartnurse FOR N(7.5, 2.5)+N(12, 4}+N(7.5,2.5)
ROUTE 2}

If Pro Done=1 and Trans=1 then
{USE heartnurse FOR N(7.5, 2.5)+N(12, 4)+N{(7.5,2.5)
Route 3}
If Pro Done=1 and Trans=2 then
{ CATH_IN ROOM=720
IF CLOCK()+CATH_IN RCOM>1020 THEN
CATH IN ROOM=1020-CLOCK()
WAIT CATH IN ROOM
Route 3}

IF CATHPT>0 AND PRO_DONE=0 THEN

USE heartnurse FOR N{7.5, 2.5)+N(12, 4}+N(7.5,2.5)
ROUTE 1

IF EP_ATT>0 AND PRO_DONE=0 THEN

USE heartnurse FOR N{7.5, 2.5)+N(12, 4)+N(7.5,2.5)
ROUTE 1

IF ICD ATT>0 AND PRO DONE=0 THEN

USE heartnurse FCOR N{(7.5, 2.5)+N{12, 4)+N(7.5,2.5}
ROUTE 1

IF Cath _Dest=1 AND PRO DONE=1 THEN
{USE heartnurse FOR 5

WALIT 120

USE heartnurse FOR 5

WAIT 120

USE heartnurse FOR 5

WAIT 120

free heartnurse

ROUTE 2

IF Cath Dest=2 AND PRO_DONE=1THEN



Macro_Cath

CATH_IN_ROOM=720
IF CLOCK()+CATH_IN ROOM>1020 THEN
CATH_IN ROOM=1020-CLOCK ()

WAIT CATH IN ROOM

ROUTE 2

IF EP_ATT>0 AND PRC DONE=1 AND CLOCK({)+375<1020 THEN

USE heartnurse FOR &5
WAIT 120

USE heartnurse FOR 5
WAIT 120

USE heartnurse FOR S
WAIT 120

free heartnurse
ROUTE 2

IF EP_ATT>0 AND PRO_DONE=1 AND CLOCK()+375>=1020 THEN
WAIT 1020-CLOCK()

ROUTE 2

IF ICD_ATT>0 AND PRO_DONE=1 THEN

WAIT 1020-CLOCK()
ROUTE 2

IF RIGHT>0 AND PRO DONE=0 THEN

USE heartnurse FOR N(7.5, 2.5)+N({12, 4)+N(7.5,2.5)
ROUTE 1

IF TRANS=>0 AND PRC DONE=0 THEN

USE heartnurse FOR N{(7.5, 2.5)+N(12, 4)+N(7.5,2.5)
ROUTE 1

IF PM_ATT>0 AND PRO DONE=0 THEN

USE heartnurse FOR N{7.5, 2.5)+N(12, 4)}+N{7.5,2.5)}
ROUTE 1

IF PM_ATT>0 AND PRO_DONE=1THEN

{WAIT 1020-CLOCK ()
ROUTE 2}

IF Ab ATT>0 AND PRO_DONE=0 THEN

USE heartnurse FOR N(7.5, 2.5}+N(12, 4)+N(7.5,2.5)
ROUTE 1

IF (b ATT>0 AND PRO DONE=1) THEN

{WAIT 1020-CLOCK()
ROUTE 2}

IF BIOP >0 THEN



Macro_ep

USE cathteam FOR 1.82+P5(5.75,119)
PRO_DONE=1
ROUTE BIOP

}

IF RIGHT>0 THEN
USE cathteam FOR N(30, 5)

PRO_DONE=1
ROUTE RIGHT

IF CATHPT>0 THEN

cath_op_time_temp:B(?O.2,90,19.2,90)
1f ({Clock()+cath op_time_temp)>1020) then

if Clock()>1020 then
{ cath_op_time=0}
else
{cath op time=1020-cath op_time_temp}

Else
{cath_op_time=cath_op_time_temp}

USE cathteam FOR cath op_time

PRO_DONE=1

ROUTE Cath Dest

IF TRANS>0 THEN

USE cathteam FOR B(70.2,90,19.2,90)
PRO_DONE=1
ROUTE 1

IF EP_ATT>0 THEN

{

cath_op time temp=EP_LAB TIME()

If ((cath _op_time_temp+Clock())>1020) then

If Clock()=>1020 then
{ cath_op time=0}
else
} { cath_op time=1020-Clock()}
Else
{ cath op_time=cath op time temp}
USE epteam FOR cath op_time

PRO_DONE=1
ROUTE EP_ATT

IF ICD_ATT>0 THEN

USE epteam FOR ICD LAB TIME()
PRO_DONE=1

ROUTE 1

IF TRANS>0 THEN

USE epteam FOR EP LAB TIME({()
PRO_DONE=1

ROUTE 1

IF PM_ATT>0 THEN




{

USE epteam FOR PM_LAB STAY()
PRO_DONE=1

ROUTE 1}

IF Ab ATT>0 THEN

USE epteam FOR N(360,120)
PRO DONE=1

ROUTE 1}
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* Arrival Cycles *
[EEE SRR LA RS LR RS R R R A RRS R RS R AR R R RRR SRR AR Rt a AR ARt Rt ARl Rl s Attt Al S )

iD oty / % Cumulative Time (Hours) Value

catheyc Percent No
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* User Distributions *
I E RS R R R R R E S S SR E SR RS EE SRR AR SRR EAE RS RS R SE RS REE RS A S S SR RS EESE LS R EL RS EE R R E SRS EEEE S EEEY

ID Type Cumulative Percentage Value
NO_FAM MEMBERS Discrete No 5.56 0
36.36 1
29.29 2
11.11 3
11.11 4
3.03 5
1.52 6
1.01 7
0.51 S
0.50 12
BIOP_GROIN Discrete No 10 1
90 2
TRANS_ ROUTE Discrete No 10 1
90 2
Cath_Dest_table Discrete No 14.54 3
29.34 2
56.12 1
RH dest table Discrete No 40 2
60 1
CATH_OBS_TABLE Continuous No 0 30
8.7 33
12.5 36
12.5 39
35 42
31.3 45
EP_ROUTE_TABLE Discrete No 50 1
50 2
EP_LAB_TIME Continuous No . 0 45
15.9 82.2
26.5 118.8
27.3 156
10.7 153.2
7.55 229.8

4.37 267




ICD LAB TIME

PM_LABR STAY

Corttinuous

Continuous

No

No

3.81
1.48
.776
.494
.28
.35
.14
.21
.14

26.4
22.03
20.1
5.03
12.6
8.18
5.66

25.3
30.6
14.04
13.2
.443
.62
.25
.57
L8971

RN U

304.
340.

378

415.
451.

489

2
8

526.2

562.

600
90

111.
132.
154.
175.
1987.
218.

2490
90

106.
123.
139.
156.
173.
190.
206.
223.

240
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Heart Hospital Floorplan
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Time Line Used




Mar 1, ‘88 Mar 8, '98 Mar 15, '98 Mar 22, '98
ID_ |Task Name Duration | T [W [ T [F[s[s[M[T[W]TJF[s[s[MITw[T][FlisismITIw]|[T]F
1 Project Overview 1d i
2 |Determine Scope 1d "
3 Flow Chart Process w ” . i . :
4 | Software Orientation 1d T
: | U - |
6 |Collect Arrivai Data 5d
7 Family Member Data 5d . :
g Time to Register Data 1d
9 Ciothes Change Data id
10 |Place IV Time 1d
11 Lab and EKG Times 1d
12 | Admitting Database Time 1d .
13  |Nurse Assessment, Consent, 1d
14 | Procedure Times 1d
15 | Disposition Data 1d
16 |3E Recovery Time 2d
17 |HHOBS Recovery Process 2d . . i
19 | Modeling Layout td . A
20 |Locations 1d
21 Path Network 1d
22 | Resources 1d
Task R : Summary ] Rolled Up Progress NN
Project: HeartPlan. MPP
Date: Thu 3/26/98 Progress IR Rolled Up Task  [RSCRRIS
Milestone ’ Rolled Up Milestone \/v
Page 1

Ly -4 —4 -4 —4 - 4 a4 4 e




Mar 1, '98 Mar 8, "98 Mar 15, '98 Mar 22, '98

ID__ | Task Name Duration [ T [W | T[Fs|s[m[T|W]T[F]s m__s_q_é_q_m_m.m_z;q_E_q_n
23 | Entities 1d : : !
24 | Skeleton Logic 2d
25 | Detailed Logic 3d
26 |insert Distributions 1d
27 |Debug 2d
28 |Validate 1d
29 | Scenarios 1d
30
3 Final Presentation 5d

Task Summary ] Rolled Up Progress I

WHW#&MJMMWM MPP Progress I Rolled Up Task I
Milestone & Rolled Up Milestone <>
Page 2

- = 4 4 4 4 4 4 —A A —A —A 4 A -4 — —4 -




Mar 29, '98

Apr 5, '98

Apr12,'98 Apr19,'98 Apr 26, '98
S| smM[TIwW[T[F] s s[M[T[w[T[F]s|s[ml[T[w[T[F[s[s[mM]T[w[T[F]s[s[mM[T[W]TI]F
Task Summary ] Rolled Up Progress NN
Project: HeartPlan MPP
Date; Thu 3/26/98 Progress Rolled Up Task ]
Milestone Rolled Up Milestone \/V

R e e T B

.

Page 4

|
LY

|
=




Mar 29, '98

Apr 5, '98

Apr12,'98

sis[M[T]w]T[F s

s MJTIw]T[F[s[sTmM][TIwWw]T]

HE

Apr 19,'98 Apr 26, '98

sIM]TIw][T[F[s[s[mM][T[Ww][T]F

Task Summary ] Rolied Up Progress IR
Project: HeartPlan. MPP
Date: Thu 3/26/98 Progress EMMMESRNNNE  Roled Up Task GRS
Milestone ’ Rolled Up Milestone \/V
Page 3
— — — —

{ 4 — —

— 4 — A —




Patient Flow Charts




CAMTEMP\HH.AF3
Monday, March 30, 1998

Elective Cath Patient

9:20 AM

Arrive

— -

+
| )

Registration
Desk

i

Treatment
Room

; Waiting Room \
i

Statfit File: Cath_Vol
Sample: 52 Tuesdays
Mean: 22.5

Min: 10

Max: 35

1styHHOB RM {
2nd)HHIP RM
Routing from Cath Lab StatFit File; Cath_Lab
based on data from Apollo . Sample: 3996
5103 Observations | Mean: 0.83
| Max: 1.50
Diagnostic I " Interventional Pt 29% BUMC Pt 14%
0, 1
. Pt56% . T StatFit File:Cath_3E |
ample: i 1 .
p_ Cath | 3East 3 Mgan. 6.95
Mean: 0.66 ! , | w Min: 1.00 :
Min: 0.50 Observatl_c_amll'lml B I?ecovew Max: 12,08 ,
Max: 0.75 1 : |
T
Diag: inter Pt: |
6 hours 1sHHOBRM | 80% - till 9am Next day

2nd)HHIP RM |
i !

10% - 48 hours }
10% - 72 hours

BUMC Pt




EP Patient

Ty Volume: 3

" . I Source: N. Vish
| Arrive /

Registration
Desk

Wating Room

Treatment
Room

. S

1st)HHOB RM !
2nd)HHIPRM

StatFit File: EP_Lab
Sample: 1418

. EPLab Mean: 2.41
Routing from N. Vish | | Min: 0.75

50% H Max: 10.00

Source: 3East Log !
FileName:EP_3ETime.xls |
Sample: 17 :
Mean: 0.90 o
Min: 0.42 !
Max: 1.83 L

- 1shHHOB RM "

‘ 2nd)HHIP RM ( 4 to 6 hours

3East Less Sedated 50%
Recovery |

o H




PM Patient

Registration
Desk

_

' Wating Room

Treatment
Room

1styHHOB RM
2nd)HHIP RM

1st}HHOB RM
2nd)HHIP RM |

Volume: 2
Source: N. Vish

StatFit File: PM_Lab
Sample: 356

Mean: 2.17

Min: 1.40

Max: 400

till 11am Next Day



[CD Patient

5
|

\ i
I '
| 1shHHOBRM
: 2nd)HHIP RM

I

Volume: 1
Source: N. Vish

StatFit File:ICD_Lab

. Sample: 159
i Mean: 2.42

i Min: 1.50

3East
Recovery

1s)HHOB RM
2nd)HHIP RM

D/C

Max: 4.00

Source: 3East Log
FileName.EP_3ETime.xls
Sample: 17

Mean: 0.90

Min: 0.42

Max: 1.83

till 3pm Next Day



Ablation Patient

; . Volume: 1
| Arrive { Source: N. Vish
* |
" 1stHHOB RM |
i 2nd)HHIP RM |
[ ‘e gource: N Vish
§ Average: 6
] EPLab | Min:5
] Max10
o
! - Source: 3East Log
3East gg?‘:ﬂpalzi:EP_SETime.xls
Recove :
| i l Mean: 0.90
! Min: 0.42
L Max: 1.83
| i
| 1s)HHOB RM |
: Z"d)H'T"P RM i till 3pm Next Day
! | I

. o



Biopsy Patient

Volume: 6
Arrive 1 Source: N. Vish

1

bl

Registration
Desk

v

|
Wating Room 5

Routing from N. Vish ‘ Source: N. Vish
outing from N. Vis : ‘ i
g . Cathlab 25 Minutes +/- 5
i ‘
10% Groin ... .
Average: 0.75 [ h s

0,
Min: 0.50 i%f roin
Max: 1.00 Cath S
QObservation



Right Heart

;/ \1 Volume: 4
'\ Amive | Source: N. Vish
. )
Registration
Desk

‘ Wating Room

i
1sHHHOB RM |
\

\

2nd)HHIP RM
‘ ‘ Source: N. Vish
Routing from N. Vish :  Cath Lab ‘ 30 Minﬁteg +-5
| |
40% 60%
4 No need for Drips
To BUMC




Transfer/ED Pt

Volume: 1
Arrive \) Source: Apollo and EP info System
N e 77/
|
&

' 1st)HHOB RM

| 2nd)HHIPRM
90% ‘ 10%
- | A
" cCathlLab EP Lab
| L ,_ L
6% | 84%
- L
S | |
! Cath : 3East S
| Observation Recovery
1 S
|
' 1 I ¥ A —
!
3 ] 1shHHOBRM
2nd)HI1‘1IP RM |
% .
e Use Lab and Recovery Times
4 from Cath and EP patients
™ b

Cardioversion



Cardioversion

/. “

| Volume: 1
. Amive ! Source: N.Vish

Y,

/
e wd e

Registration
Desk

N7
e T

| 1sHHOBRM | 4hours
2nd)HHIP RM

| |
.“ D/C |

PM Patient



INPATIENTS

7 \ Volume: Use 15 for now

‘{ Arrive } Source: N.Vish

N Represents Medically Managed Patients
+ currently placed on Telemetry Units.

‘ \

i Registration !

| Desk ;
4

T _

| 1syHHOBRM | 4 hours

2nd)HHIP RM



Examples of Data Analyzed
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Analysis of Data



DATA SHEET

5min - 49%,
4min - 16%,

Registration Times 2RSU Study S5|Empirical Table 6min-16%
Might want to
investigate
iv Delphi Normal(7, 1) further

Might want to
investigate
Lab Nancy Normal(5, 1) further

Might want to
investigate
EKG Delphi Normal(5, 1) further

Might want to
investigate
DataBase Nancy Normal(7.5, 2.5) further

Might want to
80%: Normal{10, 2): 20% investigate
RN Assessment and Consents [Nancy Normal(20, 4) further

Might want to
Direct investigate
Patient Education Observation Normal{10, 5) further

0-6%, 1-36%,

Family Members 2RSU Study 198{Empirical Table 2-29%, 3-11%
Mean: 22.5
Max: 35 Min:

Cath Volume Apollo 52 Tues. |Log-Logistic(-243,101,266) 10

EP Volume Nancy Vish 3

PaceMaker Volume Nancy Vish 2

ICD Volume Nancy Vish 1

Ablation Volume Nancy Vish 1

Biopsy Volume Nancy Vish 6

Right Heart Volume Nancy Vish 4

Transfer/ED Volume Nancy Vish 1

Cardioversion Volume Nancy Vish 1

InPatients Volume Nancy Vish 15

Cath Routing Apollo 5103|Diagnostic Only: 56%

EP Routing Nancy Vish Less Sedated: 50% More

Biopsy Routing Nancy Vish Non-groin: 90% Groin: 10%

Right Heart Routing Nancy Vish Drips: 60% No Drips: 40%
Once tagged
follows flow of

Transfer/ED Routing Nancy Vish : 90%: Cathlab 10%: EP Lab |that patient
Mean: .83
Max: 1.50

Cath & PTCA Procedure Apollo 3996|Empirical Table Min: .32
Mean: 2.41
Max: 10 Min;

EP Procedure Apollo 1418|Empirical Table .75

Page 1



DATA SHEET

Mean 2.17

PM/EP Info Max: 4 Min:
PaceMaker Procedure System 356|Empirical Table 1.5
Mean: 2.42
PM/EP Info Max: 4 Min:
ICD Procedure System 159{Empirical Table 1.5
Mean: 6 Max:
Ablation Procadure Nancy Vish 10 Min: 5
Mean: 25
Normal{25, 5) <per Data Max: 30 Min:
Biopsy Procedure Apallo 149|Contact> 20
Right Heart Procedure Nancy Vish Normal{30, 5)
Mean: 6642
Max: .75 Min:
Diagnostic: Cath Observation Logs 57|Logistic(.67,.0433) 5
Mean: 6.9495
Max: 12.08
Interventionai-3 East Recovery |[Logs 110jWeibull (-12.8, 9.24, 20.9) Min: 1
Occurs in
HHOB/HHIB
Diagnostic Stage 2 Recovery Nancy Vish 360 minutes Room
Occurs in
80%: 9am next day 10%: 48 HHOB/HHIB
Interventional Stage 2 Recovery [Nancy Vish hours 10%: 72 hours Room
Occurs in
HHOB/HHIB
EP Recovery: Less Sedate Nancy Normal(5, 1) Room
Mean: 9 Std
EP Recovery: More Sedate Logs 17|Empirical Table Dev: 40
Occurs in
HHOB/HHIB
PaceMaker Recovery Nancy 11 am next day Room
Mean: .9 Std
ICD-3 East Recovery Logs 17|Empirical Table Dev: .40
Mean: .9 Std
Ablation-3 East Recovery Logs 17|Empirical Table Dev: .40
Biopsy(Groin)-Cath obs. Nancy Vish Normal(45, 15)
Occurs in
HHOB/HHIB
Cardioversion Procedure Nancy Vish 240 minutes Room
Patients taking
up
HHOB/HHIB
Inpatients Procedure Nancy Vish 240 minutes Rooms

Page 2




CATHVOL.SFP

descriptive statistics

data points
minimum
maximum

mean

median

mode

standard deviation
variance
coefficient of variation
skewness

kurtosis

52

10

35

22.5

22

22
4.77945
22.8431
21.242
0.0993441
0.162197



CATHVOL.SFP

Auto::Fit Distributions

distribution rank acceptance
Log-Logistic(-243, 101, 266) 100 accept
Erlang(-62.3, 321, 0.264) 93.5 accept
Lognormal{-142, 5.1, 0.0288) 92.3 accept
Logistic(22.4, 2.64) 92.1 accept
Pearson 5(-29.1, 115, 5.9e+03) 86.9 accept
Inverse Gaussian(-144, 2.06e+05, 167) 86 accept
Pearson 6(10, 41.4, 8.71, 32.5) 85.1 accept
Gamma(-66.4, 327, 0.272) 82.4 accept
Beta(10, 35, 4.11, 4.09) 81.5 accept
Normal(22.5, 4.73) 81.1 accept
Weibull(6.34, 3.71, 17.9) 72.8 accept
Extreme Value(20.1, 4.7) 16.4 accept
Triangular(9.28, 35.9, 22) 12.5 accept
Uniform{10, 35) 0.0115 reject
Exponential(10, 12.5) 0 reject

Pareto(10, 1.27) 0 reject



CATHVOL.SFP

Fitted Distribution

0.50

0.25

0.00 ;
1.0 1.5 2.0 2.5 3.0 3.5x10

Log-Logistic(-243, 101, 266)



CATH_LAB SFP

descriptive statistics

data points
minimum
maximum

mean

median

mode

standard deviation
variance
coefficient of variation
skewness

kurtosis

3996

0.32

1.5
0.832222
0.78
0.565
0.307365
0.0944733
36.9331
0.32018
-0.912234



CATH_LAB.SFP

Auto::Fit Distributions

distribution

Beta(0.32, 1.5, 1.17, 1.5)
Erlang(0.184, 4, 0.162)
Exponential(0.32, 0.512)

Extreme Value(0.684, 0.26)
Gamma(-0.874, 31.6, 0.0541)
Inverse Gaussian(-0.213, 11.1, 1.05)
Logistic(0.818, 0.184)
Log-Logistic(-4.89, 31.4, 5.7)
Lognormal(-0.283, 0.0708, 0.28)
Normal{0.832, 0.307)

Pareto(0.32, 1.13)

Pearson 5(-0.799, 28.6, 45.1)
Pearson 6(0.32, 1.06e+06, 1.95, 4.04e+06)
Triangular(0.285, 1.63, 0.5)
Uniform(0.32, 1.5)

Weibull(0.293, 1.78, 0.605)

rank

o I o O e T e IO o T e o I o I o Y i e e e

]
o

acceptance

reject
reject
reject
reject
reject
reject
reject
reject
reject
reject
reject
reject
reject
reject
reject
reject



CATH_LAB.SFP

0.10

0.05

0.00

0.2

0.4

0.6

Fitted Distribution

0.8 1.0
Beta(0.32, 1.5, 1.17, 1.5}

1.2

1.4

1.6



CATH_3E.SFP

descriptive statistics

data points
minimum
maximum

mean

median

mode

standard deviation
variance
coefficient of variation
skewness

kurtosis

110

1

12.08
6.94955
7.31

7.98
2.62844
6.90868
37.8217
-0.570711
-0.320724



CATH_3E.SFP

Auto::Fit Distributions

distribution rank acceptance
Weibull{(-12.8, 9.24, 20.9) 100 accept
Beta(-4.15, 12.1, 5.28, 2.48) 25.5 accept
Triangular{-0.0297, 12.4, 8.25) 211 accept
Logistic(7.16, 1.47) 12.7 reject
Lognormal(-1.92e+03, 7.56, 0.00136) 4.82 accept
Normal(6.95, 2.62) 1.5 accept
Pearson 5(-41.3, 322, 1.55e+04) 1.21 reject
Extreme Value(5.57, 2.79) 0.00382 reject

Uniform{1, 12.1) 0.000394 reject



CATH_3E.SFP

Fitted Distribution

0.30

0.15

0.00 1
0.0 0.2 04 0.6 0.8 1.0 1.2 1.4x10

Weibull{-12.8, 9.24, 20.9)



CATH_OBS.SFP

descriptive statistics

data points
minimum
maximum

mean

median

mode

standard deviation
variance
coefficient of variation
skewness

kurtosis

57

0.5

0.75
0.664211
0.67

0.67
0.0757333
0.00573553
11.402
-0.608963
-0.538689



CATH_OBS.SFP

Auto::Fit Distributions
distribution

Logistic{0.67, 0.0433)
Weibull(-0.0629, 12.3, 0.759)
Lognormal(-467, 6.15, 0.000161)
Pearson 5(-1.1, 523, 919)
Normal(0.664, 0.0751)

Extreme Value(0.625, 0.0803)
Triangular(0.459, 0.75, 0.75)
Uniform(0.5, 0.75)

Beta(0.446, 0.75, 2.02, 0.963)

rank

58.1
52.4
29.3
16.8
13.9
0.827

acceptance

accept
reject
reject
reject
reject
reject
reject
reject
reject



CATH_OBS.SFP

Fitted Distribution

0.40

0.20

0.00
0.50 0.55 0.60 0.65 0.70 0.75

Logistic{0.67, 0.0433)



BIOP_LAB.SFP

descriptive statistics

data points 149
minimum Q.22
maximum 0.98
mean 0.444362
median 0.42
mode 0.275
standard deviation 0.178524
variance 0.0318707
coefficient of variation 40.1752
skewness 0.669983
kurtosis -0.452082

OO0, Lo ro-Lx w%e%

w200

MAOAL 2O :
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BIOP LAB.SFP

Auto:: Fit Distributions

distribution

Beta(0.22, 0.98, 0.902, 2.03)
Pearson 5(0.0295, 5.78, 2)
Lognormal{0.147, -1.41, 0.655)
Inverse Gaussian(0.134, 0.7, 0.31)
Log-Logistic(0.179, 2.13, 0.212)
Erlang(0.22, 1, 0.224)
Gamma(0.22, 1, 0.224)
Exponential(0.22, 0.224)

Extreme Value(0.362, 0.137)
Pearson 6(0.22, 2.01e+03, 1.55, 1.29e+04)
Weibull{0.22, 0.927, 0.219)
Logistic(0.428, 0.104)
Normal(0.444, 0.178)
Triangular{0.22, 0.995, 0.22)
Pareto(0.22, 1.6)

Uniform{0.22, 0.98)

rank

69.4
52.8
44
39.1
38.1
19.6
19.6
19.6
121
10.8
5.05
0.452
0.227
0.184
0.00165
0

acceptance

accept
accept
accept
reject
accept
accept
accept
accept
reject
accept
accept
reject
reject
reject
reject
reject



BIOP LAB.SFP

Fitted Distribution
0.70

0.35

0.00
0.2 0.4 0.6

Beta(0.22, 0.98, 0.902, 2.03)

0.8

1.0



EP_LAB.SFP

descriptive statistics

data points 1418
minimum 0.75
maximum 10
mean 2.41053
median 2

mode 18
standard deviation 1.26497
variance 1.60015
coefficient of variation 52.4769
skewness 1.86485

kurtosis 5.0168



EP LAB.SFP

Auto::Fit Distributions

distribution rank acceptance
Lognormal(0.579, 0.399, 0.645) 98.1 reject
Inverse Gaussian(0.495, 4.37, 1.92) 65.5 reject
Pearson 5(0.186, 4.38, 7.6) 28 reject
Pearson 6(0.75, 6.52, 2.56, 11.1) 3.24 reject
Log-Logistic(0.75, 2.34, 1.3) 1.2 reject
Erlang(0.733, 2, 0.839) 0.034 reject
Gamma(0.736, 2.05, 0.818) 0.00715 reject
Beta(0.75, 9.7e+05, 2.06, 1.2e+06) 0.000169 reject
Weibull(0.746, 1.43, 1.84) 1.04e-05 reject
Exponential(0.75, 1.66) 0 reject
Logistic(2.23, 0.634) 0 reject
Normal(2.41, 1.26) 0 reject
Pareto(0.75, 0.947) 0 reject
Triangular(0.728, 10, 1) 0 reject
Uniform{0.75, 10) 0 reject
Extreme Value(1.89, 0.818) 0 reject



EP_LAB.SFP

Fitted Distribution
0.35

0.17

0.00

0.0 2.0 4.0 6.0 8.0 10.0
Lognormal{0.579, 0.399, 0.645)



EP LAB Recovery Times

.42

0.50

063

0.67

0.75

0.75

075

075

Q.75

075

0.80

0.87

1.00

1.00

142

1.73

1.83

17.00 Count

0.20 Average
0.40 Standard Deviation




PM_LAB.SFP

descriptive statistics

data points
minimum
maximum

mean

median

mode

standard deviation
variance
coefficient of variation
skewness

kurtosis

356

1.9

4
2.17303
2

1.5
0.559379
0.312905
25.7418
1.08258
0.912888



PM_LAB.SFP

Auto::Fit Distributions

distribution

Pearson 5(0.912, 5.98, 6.32)
Lognormal(1.23, -0.237, 0.608)
Inverse Gaussian(1.2, 2.52, 0.976)
Extreme Value(1.92, 0.409)
Gamma(1.5, 1, 0.673)

Erlang(1.5, 1, 0.673)
Exponential(1.5, 0.673)
Weibull(1.5, 0,963, 0.664)
Log-Logistic(1.5, 2.29, 0.608)
Pearson 6(1.5, 7.74, 2.28, 24 1)
Logistic(2.11, 0.308)

Normal(2.17, 0.559)

Pareto(1.5, 2.93)

Beta(1.5, 5.15e+03, 2.09, 1.41e+04)
Triangular{1.5, 4.07, 1.5)
Uniform({1.5, 4)

rank

100

256
15.3
0.144
0.00112
0.00112
0.00112
7.74e-05
6.54e-08
2.78e-08

oo oCocoo

acceptance

reject
reject
reject
reject
reject
reject
reject
reject
reject
reject
reject
reject
reject
reject
reject
reject



PM_LAB.SFP

0.35

0.17

0.00

Fitted Distribution

1.5

2.0

2.5 3.0
Pearson 5(0.912, 5.98, 6.32)

3.5

4.0



ICD_LAB.SFP

descriptive statistics

data points
minimum
maximum

mean

median

mode

standard deviation
variance
coefficient of variation
skewness

kurtosis

159

1.8

4
2.42075
2.3

1.8
0.652558
0.425832
26.9568
0.79158
-0.324608



ICD_LAB.SFP

Auto:Fit Distributions

distribution rank acceptance
Inverse Gaussian(1.27, 2.94, 1.15) 71 reject
Gamma(1.47, 1.97, 0.482) 68.2 reject
Lognormal(1.32, -0.0877, 0.619) 53.6 reject
Erlang(1.47, 2, 0.475) 51.8 reject
Weibull(1.49, 1.45, 1.03) 49 4 reject
Pearson 5(1.04, 5.01, 5.62) 32.1 reject
Pearson 6(1.5, 43, 2.05, 95.5) % reject
Log-Logistic(1.5, 2.16, 0.73) 7.1 reject
Beta(1.5, 4, 1.32, 2.37) 0.963 reject
Extreme Value(2.12, 0.486) 0.22 reject
Logistic(2.35, 0.372) 0.0815 reject
Triangular(1.45, 4.24, 1.8) 0.0403 reject
Exponential(1.5, 0.921) 0.0135 reject
Normal(2.42, 0.651) 0.0052 reject
Pareto(1.5, 2.25) 9.56e-08 reject

Uniform(1.5, 4) 0 reject



ICD_LAB.SFP

0.35

0.17

0.00

Fitted Distribution

15

2.0

2.5 3.0
Inverse Gaussian(1.27, 2.94, 1.15)

3.9

4.0



Results of Simulation



L e R o om R R R o S e o m S = -
- - S e o o M M e R S S o M S — o m E e

General Report
Output from U:\F\Hh4.mod [Heart]
Date: Apr/30/1593 Time: 11:38:48 AM

B e R S e e R S e o M MR SR S S o e e EE MR S S R S e T M BN S S — e o M R S M e — =

Hormal Run
l of 1
20.05243333 hr

Scenario H
Replication :
Simulation Time

e S e e e R S R R MM S e e M e R A e e e RN M R e R e W e W W =

LOCATIONS
Average

Location Scheduled Total Minutes Average
Hame Hours Capacity Entries Per Entry Contents
Entrance 20.05243333 55953559 44 0.000000 o
Desk 20.05243333 2 41 5.2430458 0.17B669
Waiting Room 20.05243333 959359 123 474.143171 48.4726
Treatment Room 20.05243333 2 30 18.6284567 D.464454
Inpatient Room 20.05243333 23 6B 254.674754 14.3938
Obgervation Room 20.05243333 7 4 360.25%5000 1.15784
Three East 20.052433133 9 11 366.633727 3.35202
EFP 1 20.05243333 d 1 617.173000 0.5125966
EFP 2 20,052431333 1 4 146.437250 0.496848
EP 3 20.05243333 1 2 22B.184500 0.379313
Cathl 20.05243333 1 6 98.467833 0.4581052
Cath2 20.05243333 1 7 68.223857 0.3%6932
Cath3 20.05243333 1 & T6.378500 0.380854
Cath4 20.05243333 1 6 B52.218167 0.410016
Cathb 20.05243333 1 ) 52.248444 0.3508359
Cathé 20.05243333 1 5 107.187400 0.445446
Cath Holding 20.05243333 & 19 76.135211 1.20232
Regline 20.05243333 955995 41 33.360883 1.13684
Daparture 20,05243333 995995 43 1.839858 0.0749327
Staff room 20.05243333 8955559 4] ¢.o00o00 0
desk workers 20.05243333 2 4] 0.000000 1]
BUMC 20.05243333 9999559 4 0.000000 0
LOCATION STATES BY PERCENTAGE (Multiple Capacity)

% |
Location Scheduled % Partially % %
Name Hours Empty Occupied Full Down
Entrance 20.05243333 100.00 0.00 0.00 0.00
Desk 20.05243333 90.20 1.53 8.17 a.00
Waiting Room 20.05243333 7.04 92,96 0.00 o.on
Treatment Room 20.05243333 75.7% 2.03 22.21 0.a0
Inpatient Room 20.05243333 15.22 T70.24 14.54 0.0
Cbservation Room 20.05243333 68.58 3l.42 0.00 0.00
Three East 20.05243333 12.73 87 .27 0.00 g.00
Cath Holding 20.052432333 &3 38 46.62 0.00 0.00
Regline 20.052433313 82.04 T7.96 0.00 0.ao0
Departure 20.05243333 52,83 i 0.00 0,00
Staff room 20.05243333  100.00 0.00 G.00 0.00
desk workers 20.05243333  100.00 0.o0 a.00 0.00
EUMC 20.05243333 100,00 0.00 n.o0 .00
LOCATION STATES BY PERCENTAGE (Single Capacity)
Locatieon Scheduled % % % % % %
Name Hours Operation Setup Idle Waiting Blocked Down
EP 1 20.05243333 45.48 .00 48.70 2.29 3.53 0.00

Maximum

Contents

o

B

b
PO QWomu e T e L b D B e

Curre
Conter



EF 2 20.052433313
EP 3 20.05243333
Cathl 20.05243333
Cath2 20.05243333
Cath3 20.05243333
Cath4 20.05243333
Cath5s 20.05243333
Cathé 20.052433313
RESOURCES

Resource

Namea Unite
pre nurse,l

pre nurse.2

pre nurse.j

pre nurse

pre tech.l

pre tech.2

pre tech

reg,l

reg.d

rag

heartnurse.l
heartnursgse.2
heartnurse.l
heartnurse.4
heartnurse.5
heartnuree. &
heartnurse.7
heartnurse.8
heartnurse.d

heartnurse.l0

heartnurse
enurse.l
BAULSaE .2
enurge. 3
enurse.4
enurge.5
anurse
cbenurse, 1
obhenurse. 2
chsnuree
cathteam.l
cathteam.2
cathteam 3
cathteam. 4
cathteam.5
cathteam. g
cathteam
epteam.l
epteam. 2
epteam.3
epteam

W e O b e RS U S e O e e e e e B B R e e e

368.40
31.35
15.88
26.59
24.78
25.44
29.32
15.21

Scheduled
Houra
20.05243333
20.05243333
20.05243333
60,1573
20.052433323
20.05243333
40.10486667
20.052433313
20.05243333
40.10486667
20.052433313
20.052433313
20.05243333
20.052433312
20.05243333
20.05243333
20.05243333
20.05243333
20.05243333
20.05243333
200.5243333
20.052433313
20.05243333
20.05243333
20.05243333
20.05243333
100.2621667
20.052431333
20.0524333112
40.10486667
20.05243333
20.05243333
20.05243333
20.05243333
20.05243333%
20.05243333
120.1146
20.05243333
20.05243333
20.05243333
60.1573

RESOURCE STATES EY PERCENTAGE

Resourace Scheduled

Hame Houre In Us
pre nurse.l 20.05243333 5.3
pre nurse.2 20.05243333 8.5

0.00 51,32 10.28
0.00 82.07 .58
0.00 5&50.8%9 32.23
0.00 80.31 13.11
¢.00 £1.91 13.31
0.00 53,00 15.57
0.00 60,92 .76
0.00 55.46 25.34
Average
Number Minutes
of Times Fer
Used Usage
29 31.859655
ig s.700889
14 0.364000
61 31.6800689
52 2.872598
i5 4.659686
87 3.607632
22 5.250136
19 5.2158737
41 5.234155
55 7.294%82
41 7.B11341
i1 6£.B87710
22 7.226318
13 10.357000
11 12.092364
7 14.581714
3 12.522333
1 22.294000
a 0.000000
184 8.299984
g 117.543125
& 160.251000
i 175.178667
8 90.955125
1 &E5¢.532000
26 143 .380000
19 27.285211
20 27.720850
35 27.508A815
) 45.436778
b 42 .290333
a 35.447375
B 51.830500
4 16. 087000
3 50.560333
1% 43 .B70128
1 547.168000
4 115.511750
2 188.625000
T 198.087571
% %
% Travel Travel
e To Use To Park
a 1.35 1.40 g
3 0.84 .83 a

0.00
g.00
0.oo
0.00
0.00
0.00
0.00
0.0d

Average
Minutes
Travel
To Use

0,561444
0.584000
0.573607
0.34484%
0.275714
0.317034
0.oo0agoon
0.000000
0.000000
0.505582
0.834317
0.675415
0.704905
0.654154
0.6318364
0.626000
C.62E000
0.626000
0.000000
0.776558
0.453000
0.3B4647
0.000000
0.245500
0.000000
0.316000
0.247263
0.254300
0.250872
0.49%222
0.445222
0.609875
0.604833
0.323250
0.660000
0.520026
0.356000
0.455000
0.564000
0.474288

Dovwny

0.00
0.00

G.00
a.o0
0.o0
0.00
0.00
0.00
0.00
0.o0

Average
Minutas

Travel
Ta Park
0.602000
0.588541
0.626000
0.603932
0.584000
0.584000
0.584000
0.0000Q00
0.000000
0.000000
0.698091
0.754024
0.911645
0.940682
0.973765
0.B78636
D.B36571
0.871667
0.626000
0.000000
0.81351e
0.451000
0.o000g0
1.906000
G.000000
0.000000
1.1%8500
0.000000
0.000000
0.000000
0.499222
D.445222
0.605875
0.604833
0.323250
0.460000
0.520026
0.356000
0.459000
0,.564000
0.474286

% Blocked
In Travel

0.00

0.00

0.00



nurea.3
nuregs
tech.1
pre tech.2
pre tech
reg.l

reg.2

reg
heartnurse.l
hearcnurse.2
heartnurse.3
heartnurse.4
heartnurse.5
heartnurse.&
heartnurse.?
heartnuree.8
haartnuree.?

pre
pre
pre

heartnurse.l1l0

heartnurse
enurse.l
enursea.,.2
enursa.3
enurga, 4
enurse.s
BEnurse
ohenurse.l
ochenurse. 2
chesnurse
cathteam,.l
cathteam,2
cathteam.3
cathteam.4
cathteam.5
cathteam. &
cathteam
epteam, 1
epteam. 2
epteam. 3
epteam

FAILED ARRIVALS

Entity
Hame

ICD

Biopsy
Cardiovers
Right Heart
Transfer ed
BPM

Ablation

ENTITY ACTIVITY

Entity
Name

20.05243333 0.42 0.68
60.1573 6.09 0.87
20.05243333 12.42 1.489
20.05243333 13.67 0.80
40.10486667 13,04 1.15
20.052433372 9.60 0.00
20.05243333 B.24 0.00
40,.10486667 g.92 0.00
20.05243333 33.35 4.14
20.05243333 26.62 2.84
20.05243333 17.75 1.74
20.05243333 13.21 1.29
20.05243333 11.23 0.71
20.0582433312 11.06 Q.58
20.05243333 B.72 D.36
20.05243333 a.1s 0.1l8
20.05243333 1.85 0.05
20.05243333 0.00 Q.00
200.5243333 12.659 1.1%
20.05243333 78.22 D.33
20.05243333 T9.592 0.19
20.05243333 44 .68 0.00
20.05243333 60.48 0.16
20.052433313 46.51 0.00
100.2821687 £1.96 0.14
20.05243333 43.09 0.39
20.05243333 46 .08 0.42
40.104B6667 44 .58 0.41
20.05243333 33.9%9 0.37
20.05243333 11,63 0.33
20.05243333 26,23 0.41
20.05243333 25.75 0.30
20.05243333 12.00 0.11
20.05243333 12.61 0.1&
120.3146 23.70 0.28
20.05243333 45,48 0.03
20.05243333 38.40 0.15
20.05243333 31.386 0.0%
60.15713 ig. 41 0.0%
Location Total
Name Failed
Entrance 1]
Entrance 0
Inpatient Room 0
Entrance 0
Entrance 0
Entrance 1]
Entrance 0
Entrance 0
Entrance 0
Averags
Current Minutes
Total Quantity In
Exits In System Byatem
23 2 863.1872581
B3 a] 665.399755
5 o] 481.773B00
1 0 1021.359%000

0.73 98.17 0.00
D.99 81l.%0 O©.00
1.18 84.53 0.00
0.73 84.80 0.00
0.95 B4.B6 0.00
o.00 90.490 0.00
0.00 91.76 0.00
0.00 81.08 0©0.00
1.1%9 59.32 0,00
2.57 67.97 0.00
2.35 78.16 0.00
1.72 B:.78 0©.00
1.05 87.01 0.00
0.80 87.56 0.00
0.459 90.43 0.00
0.22 56.48 0.00
.05 %8.04 Q.00
0.00 100.00 0.00
1.24 84.87 0.00
0.04 21.41 0.00
0.00 15.8% 0.00
0.18 55.16 0.00
0.00 31%.36 0.00
Q.00 53,45 0.00
0.04 37.86 0.00
0.00 56.52 0.00
0.00 53.50 0.00
0.00 E5.01 0©0.00
0.37 65.26 0.00
0,33 67.70 0.00
0.41 72.96 0.00
0.30 T73.65 0.00
1 B B7.79 0.00
0.16 E7.06 0.00
0.328 75.74 0.00
0.03 E4.46 0.00
B..15 61.2% 0.00
0.09 68.46 0.00
0.08 6l.40 0.00
Average Average
Minutes Minutes
In Move Wait For
Logic Res, etc.
41.942435 16.529478
0.288000 0.000000
21.003200 22.900400
124 .473000 4.107000

Page 3

Average
Minutes

In
Operation
541.2317870
0D.000000
353.680200
661.482000

Avearac
Minute

Blocke
263.07747
665.11175

g4.18000C
231.3070C



Biopsy
Cardiovers
Right Heart
Transfer ed
MM
abhlation

OB

ENTITY STATES BY PERCENTAGE

%
Entity In Move Ha
Nama Lagic Res,
Cath 4,86
Fam member 0.04
EF 4,318
ICD 12.19
Biopsy 18.68
Cardiovers 0.76
Right Heart 14.85
Transfer ed 5.21
FM g.81
Ehlation 3.23%
VARIABLES
Variable Total
Hame Changes
Waitroom max &8
Waitroom count 246
BUMC count 4

LOGS

B I R

Cath Average LOS

EP Average LOS

ICD Average LOS

Biopsy Average LOS
Cardiovereion Average LOS
Right Heart Average LOS
Transfer Average LOS

PHM Average LOS

AR Average LOS

4] 9B.T41167 18.445500
o 2B7.385000 2.153000
0 197 .458000 25.317500
1] 842.494250 49.073000
0 1021.034000 B.270500
0 1021.034000 33.611000
%
it For %
etc. In Operation Blocked
1.96 62.70 30.48
a.00 0.00 45.96
4.75 T73.41 17.47
.40 64 .76 22.65
1.25 37.57 42 .45
1.7% 8B.64 8.80
0.69 30.18 54.28
1l.42 93.34 0.03
0.18 853.01 0.00
4.70 85,27 5.74
Average
Minutes Minimum Maximum
Par Change Value Value
1.0415918 0 GE
4.547183 0 98
160.502750 0 4
Number of Minimum
Cheervations Value
23 243.107000
5 627.900000
1 1021.36%000
3 60.977000
1 287 .385000
4 118.873000
4 926.537000
2 1021.034000
1 1021.034000

Page 4

1.238000 37.101333
5.152000 254 .750000
1.383000 55.601000
13.3758500 879.742500
1.B65500 1010.898000
47 .%43000 8BO.BT75000

Current Average

Value Value

98 9&6.1348

0 48,4471

4 2.56678
Maximum Average
Valua Value
1020.545000 Be3.1E7261
1020.541000 889.375400
1021.369000 1021.365%000
156.525000 98.741167
287.385000 287.385000
275.514000 197 .458000
1023.8590000 875.277500

1021.034000
1021.034000

1021.034000
1021.0340400

41.9563
25.2800
107.17465
0.2592
0.0000
5B.6050



AB Average LOS Biopsy Average LOS

Cardioversion Average LOS Cath Average LOS

16
14 -
12—

10

EP Average LOS ICD Average LOS
PM Average LOS Right Heart Average LOS
Transfer Average LOS

20



Location Utilization

Utilization

el il
e u?aa o 25% % 75% 1ﬂl|]%
Entrance L B
Desk - B
Waiting Room -
Treatment Room [N -

Inpatient Room

Observation Room
Three East

EP 1

EP 2

EP 3

Cathl

Cath2

Cath3

Cath4

Cath5

Cathé

Cath Holding
Regline
Departure

iy

Staff_roam

desk_yorkers
BUMC
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Multiple Capacity Location States
Emiti Partialli Occuiied Full

25% 50% 75% 100%

0%
Name |
Entrance M o B i |
pesi Fo i

Waiting Room
Treatment Room
Inpatient Room
Observation_ Room
Three East
Cath Holding
Regline
Departure
Staff room
desk workers
BUMC

Page 1



Single Capacity Location States
Operation Setu Idle Waiting Blocked Down
* [ S

e
0% 26% 50% 75% 100%

Name
EP 1
EP 2
EP 3
Cathl
Cath2
Cath3
Cath4
Cathb
Cathé
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Cath1
Operation Setup Idle Waiting Blocked Down
_ (Pl Ao




Oieratiun Setui Idle  Waiting Blocked Down




Desk
Emiti Partialli Occupied Full




Resource States

In Use Travel To Use Travel To Park Idle
Down

0%

Name
pre_nurse.
pre nurse.
pre nurse.
pre nurse.
pre nurse
pre tech.l
pre_tech.2
pre_tech
reg.1
reg.2

reg

= W N =

heartnurse.l
heartnurse. 2
heartnurse. 3
heartnurse.
heartnurse.
heartnurse.
heartnurse.
heartnurse.

heartnurse
enurse.l

enurse.
enurse.
enurse.
anurse .

awmn e LN

enurse.
enurse

@ -1 N

g I
W
1#]
]

25% 60% 75% 100%



Resource States

In Use Travel To Use Travel To Park idle
Down

0%

Name

obsnurse.
obsnurse.

obsnurse

cathteam.
cathteam.
cathteam.
cathteam.
cathteam.
cathteam.

cathteam
epteam.1
epteam. 2
epteam. 3
epteam

4V ]

l

oo W

25% 50% 76% 100%

Page 2



Resource Utilization
Utilization

— 0% | 25% | | 5{7% o 75% | 100%
pre nurse.l - |
pre nurse.2 ] - -
pre nurse.3 JJj - -

pre nurse.4 | - - ——
pre nurse B - - |
pre tech.1 [ o ]
pre_tech.2 _ - o

pre_tech - - -
reg.1l Illll-—___ - - -
reg.?2 IIII_ - - ____i
reg e e |
heartnurse.1 [ -
heartnurse.2 _ -
heartnurse.3 — 1
heartnurse. 4 _ - |
heartnurse.5 - - - '
heartnurse.6 -_ - |
heartnurse.? - -
heartnurse.8 l -

heartnurse -

enurse.1 L N e TS PI R

enurse. 2

enurse.3

enurse. 4

enurse. b5

enurse. 6

anurse

obsnurse. 1l
ocbsnurse.?2

Page 1



Name
obsnurse

cathteam.
cathteam.
cathteam.
cathteam.
cathteam.
cathteam.

cathteam
epteam. 1
epteam. 2
epteam. 3
epteam

oy o W=

ey
\
¥

Resource Utilization
Utilization

<
=

25% 50%
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pre_nurse.1
In Use Travel To Use Travel To Park Idle

Down




Entity States
In Move Luiic Wait For Res,etc. InO

Blocked

0%

eration

25% 50%
Name ?E_r% 100%

Cath

Fam member
EP

ICD

Biopsy
Cardiovers
Right Heart
Transfer ed
PM

Ablation
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Cath
In Move Luiic Wait For Res, etc. In Oieration

Blocked




Presentations



Team Baylor Midpoint Presentation

Baylor Specialty
Hospital

Team Members:

Problem: Lol = ducun Japct
§ Determine if proposed plans for new 25 7

cardiac addition to Baylor will support the
current and projected patient demands

I Determine if current EP and CATH labs
are sufficient for projected patient growth

How will this benefit the
client:

i Provide Baylor with a simulation model to
determine the capacity of the addition,
taking into account various rates of
growth which the hospital expects to incur




Team Baylor Midpoint Presentation

Projected Plan of Action | SLSH=GRGREragta

1 Collect data concemning patient flows and
patterns in and out of cardiac labs

B Create simulation model based on
proposed floor plan for new hespital

# Run simulation based on current data

§ Determine current bottlenecks and
provide solutions

1 Run model based on various rates of
projected growth

I Identify bottlenecks and create solutions
{This step will focus on when the new proposed EP and
CATH labs will be needed)

T Report findings and suggestions to dient
throughout project during weekly
meetings




PReceNTATION o Dre.
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Heart Hospital
Simulation Project

OVERVIEW

1 | o [

* Time Line

* Patient Flows
* Data

+ Simulation

Time Line
 — I { | 3 [ [ o o o [ 1
R

5 |Admising Cetsbmie Thea

T [Hurse Asesesnmnl, Coraand, Fatsn Edssaton Teru'
e e

[hoseing Layoul

SR T
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Patient Flows

B O | | o e o 1
* Elective Cath CZ&-'-)
* PM/EP ]
* Biopsy
* Right Heart

» Cardioversion
* Transesophageal
» Transfer Patient

Data Analysis

N | N [ | o [ [

Fitted Distribution

o0 1.8 20 e 49 a0 L 2] T
Wrrarse Gaussiani0.163, 4.5, 1.43)

Simulation

S | | A o [ [ | [ 1

* Final Layout

* Assumptions
* Time Frame

* Yolume Scenarios

Page 2




Questions

—1030C0o0O006an

©
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Heart Hospital Simulation Project
Time Line

ID | Task Name Duration Start Finish
1 Project Overview 1d | Tue 3/3/98 Tue 3/3/98
2 Determine Scope 1d l Tue 3/17/68| Tue 3/17/98
3 Fiow Chart Process 10d{ Mon 3/23/98 Fri 4/3/98
4 Software Qrientation 1d| Thu 3/19/98| Thu 3/19/98
5 Tour Facility 1d| Mon 3/30/98 | Mon 3/30/98
6 Collect Arrival Data 10d{ Mon 3/30/98 Fri 4/10/98
7 Family Member Data 5d| Mon 3/30/98 Fri 4/3/98
8 Time to Register Data 2d Tue 4/7/98 Wed 4/8/98
9 | Ciothes Change Data 2d Tue 4/7/98 Wed 4/8/98
10 [Place IV Time 2d Tue 4/7/98 Wed 4/8/98
11 | Lab and EKG Times 2d Tue 4/7/98 Wed 4/8/98
12 |Admitting Database Time 2d Tue 4/7/98 Wed 4/8/98
13 [Nurse Assessment, Consent, Patient Education Time 2d Tue 4/7/98 Wed 4/8/98
14  |Procedure Times 1d Wed 4/1/98 Wed 4/1/98
15 | Disposition Data 1d Wed 4/1/98 Wed 4/1/98
16 |3E Recovery Time 2d Wed 4/1/98 Thu 4/2/98
17 |HHOBS Recovery Process 2d Thu 4/2/98 Fri 4/3/98
18 [Modeling Layout 1d| Mon 4/13/98| Mon 4/13/98
19 |Locations 1d| Tue 4/14/98 Tue 4/14/98
20 | Path Network 1d] Wed 4/15/98; Wed 4/15/98
24 |Resources 1d Thu 4/16/98 Thu 4/16/98
22 |[Entities 1d| Wed 4/15/98) Wed 4/15/98
23 | Skeleton Logic 2d Thu 4/16/98 Fri 4/17/58
24 | Detailed Logic 4d} Mon 4/20/98 Thu 4/23/98
25 )insert Distributions 1d Fri 4/24/98 Fri 4/24/98
26 |Debug 2d| Mon 4/27/98 Tue 4/28/98
27 | SMU Presentation 1d Fri 51798 Fri 5/1/98
28 Validate 5d| Wed 4/29/98 Tue 5/5/98
29 | Scenarios 5d Wed 5/6/98 ‘ Tue 5/12/38

Page 1
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71, w/ dooket

March 30, 1998 ;
AR Y-t -94
CARDIOVASCULAR PROGRAM
FLOOR OPTION 1 OPTION 2
Ground Valet, Lobby, Reception, Patient (Same as Option 1)
Registration, First Aid (ED), Food
Court, Retail, Four (4) Service Dock
Doors, and Building Support.
Ist MRI, CT, Hyperbgﬁ:%xygen (Same as Option 1)
Chamber, Lab (Al out-patient)
Znd OR's, ICU, Recovery, Sterilizatign 30 Bed Nursing Unit (30 Licensed)

3rd

4th

5th

6th

7th

30 Bed Nursing Unit (23 Licensed)
30 Bed Nursing Unit (30 Licensed)
MOB, Employee Access Comridor
MOB

MOB

OR's, ICU, Recovery Sterilization
(Same as Option 1)
(Same as Option 1)
(Same as Option 1)

(Sarne as Option 1)

With Vascular O.R. Prégram, recommended three (3) stretcher/service elevators plus three (3)
passenger elevators (2 passenger elevators to be programmed as express elevators to 5th, 6th and

Tth floors).

GSO33058. XL 8/KF



Baylor Heart Hospital

Plan of Action
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Sample Time Line
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Inversa Davsslan(4.183, 43, 1.13)
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Simulation

Simulation

Simulation




Conclusions

Further Applications




