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Abstract
Objective: To determine whether process modeling can identify process road blocks
and inefficiencies in an outpatient endoscopy clinic, and to demonstrate whether
simulation modeling can demonstrate how changes to physician workflow can
improve patient flow through an outpatient endoscopy clinic.
Methods: Time and motion study techniques adapted from the AHRQ time and
motion study toolkit were utilized to observe 5 outpatient endoscopists for one half
day each. This observation data was used to develop process models representing
each physician’s activity pattern. Activity patterns were used to develop simulation
models representing the workflow for each physician, and the models were compared
for their ability to complete simulated endoscopic procedures in a timely fashion.
Results: Comparison of the models demonstrated one activity pattern that was able to
complete 6 simulated endoscopic procedures in significantly less time, as well as
demonstrating a 55% increased likelihood of completing 6 simulated procedures
within a 4 hour period.
Conclusion: Simulation modeling should be considered as an adjunct tool to promote
process understanding, and to inform decisions about process changes prior to
exposing process actors and patients to the risks of new processes.

Introduction
Federal legislation encouraging rapid implementation of health information
technology has brought about tremendous changes to present health care delivery
systems(1). The requirements in the Center for Medicare and Medicaid Services’
(CMS) Meaningful Use program, the Health Information Technology for Economic
and Clinical Health Act (HITECH) and the American Recovery and Reinvestment Act
(ARRA) have changed the landscape of the healthcare workplace. For many health
organizations, the most daunting challenge has been the implementation of an
electronic health record (EHR). One significant challenge faced during
implementation is the development of new processes, integrating new technology
resources while preserving the effectiveness of health care teams (2-4). One
unfortunate consequence of the rapid pace of EHR implementation is the lack of
tangible evidence specific to the implementing institution regarding the effectiveness
of new processes. This project is an early step towards quantitatively evaluating
process changes in the healthcare environment through simulation without exposing
physicians, nurses, and other health care workers to the risks associated with change.
Process modeling is a common tool used to understand the steps involved in a given
process, and the wastes that may be present in a particular process. A process model
is a graphical representation of process steps that provides information about the
process, with the level of process detail varying according to the audience. Some
examples of processes that have benefited by modeling include the healthcare
diagnosis algorithms, regulatory guideline development, data entry protocols, and

food delivery services (5). Modeling has also been used in endoscopy suites and
emergency departments as effective parts of process improvement efforts (6, 7). This
project leveraged the success of process modeling and simulation to evaluate clinical
procedures in gastrointestinal (GI) endoscopy suites utilizing a modular EHR, the
CORI v4 Endoscopic Reporting Software. The goal of this project was to learn the
relative value of process in the endoscopy suite by creating process models, which
were converted into workflow simulations to determine whether simulation could
serve as a tool to help suggest process changes t0 improve efficiency and process
quality. ExtendSim AT®, a simulation platform developed by Imagine That
Incorporated, facilitated the adaption of process models for individual physicians
working in the endoscopy suite into workflow simulations. These simulation models
were used to objectively compare the process flow of different physicians within the
endoscopy suite. This work will hopefully serve as a launching point for further
explorations into the use of simulation as an evaluation tool for developing a deeper
understanding of the interactions between clinical process participants and the
computer systems they use in their work.

Questions
This project seeks to answer two main questions:
Can process modeling help identify redundancies or roadblocks in physician
activities related to the performance of GI endoscopic procedures?
Can simulation models be used to demonstrate how changes to physician
processes can improve flow within an endoscopy clinic? Improvement will be
defined using the following two criteria:
o Minimize the time to complete 6 GI endoscopies.
o Minimize total procedure (door to door) times for patients.
The focus of this project is specifically limited to physician activities in the endoscopy
suite. Subsequent projects could focus on expanding the model’s complexity by
including models of other processes and process participants within the endoscopy
suite as well as expanded modeling of interactions with the EHR, however these were
not considered in scope for the this project.

Background
Why Focus on Process?
Medicine has enjoyed a long history of innovation, but the uptake of new best
practices in healthcare is often slow (8). Recognition of this dilemma has driven
health organizations to search for quality improvement efforts that more quickly
implement new best practices. However, despite decades of work, there are still many
challenges associated with quality improvement efforts in health care. Health care
organizations in many areas are using improvement science to speed the process of
transition. Distinct from quality improvement, “improvement science is a body of
knowledge that describes how to improve safely and consistently”. While there have

been benefits associated with implementations of EHRs, implementations have also
been associated with risks, disadvantages, and costs. Commonly voiced concerns
include financial challenges, changes to work responsibilities and workflow, and the
potential for lost productivity (9). The question then, is how can health providers
adequately assess changes to the work environment without exposing patients,
providers, or staff to undue risk or harm? A challenge in any quality improvement
method is to know whether the quality improvement method being used is best suited
to the change that is being implemented. The “overriding goal of improvement
science is to ensure quality improvement efforts are based… on evidence.(10)” The
term “improvement science” is relatively unique to healthcare, but the principle
methods defining the practice of it have long been present in manufacturing. What
follows is a brief review of improvement methodologies in manufacturing, which will
serve as the basis of the argument for why data-driven process solutions like process
modeling and simulation have the potential to make quality improvement in
healthcare safer.
Published in 1911, "The Principles of Scientific Management" by Frederick Taylor was
one of the first attempts towards integrating performance measurement into
management practice (11). Taylor was an industrialist during a time of great
transition in the United States, where the nation was seeking ways to restore its
natural resources and drive towards less wasteful practices, which he advocated for
through measurement and elimination of inefficient activities on the production
floor. Of note, he focused on the application of scientific principles to address what he
called “slow work,” which he defined as methods workers used to complete a task at
less than peak efficiency. These slow work practices were developed through
observation of their peers or through training during an apprenticeship as a way to
ensure their work remained “essential.” He argued that these methods were rarely
scientific in their origins, and as such were rarely the most efficient work practices
available for any given task. Taylor proposed that more active evaluation of work
practices by management and subsequent training of the workforce to disseminate
best practices would yield the most efficient workforce and best serve the interests of
both the organizations they worked for and the workers themselves. This early focus
on process improvement through measurement formed the foundation for later work.
Years later in post-World War II Japan, Edward Deming introduced a variety of
improvement practices called Statistical Process Control into the Japanese auto
industry. These practices focused on the evaluation of process participants, with a
goal of promoting adherence to a defined process. The subsequent success of those
automakers solidified the science of improvement's place in manufacturing. The
Institute for Healthcare Improvement (IHI) subsequently adapted Deming’s
continuous improvement cycle called the Plan-Do-Study-Act (PDSA) as the
functional methodology it uses for testing changes in health care settings. Their
framework calls for setting aims, establishing measures, selecting changes, and then
using iterative PDSA cycles to promote action and continuous improvement of health
interventions (12). Deming’s work has informed a great many of the process
improvement methods that have succeeded it, including the popular Lean and Six
Sigma frameworks.

One of the fundamental principles behind process improvement methodologies is the
idea that processes must be understood before they can be improved. Popular
frameworks like Lean and Six Sigma include numerous methods to map existing
processes to reveal where gains can be made (13). Modern health care organizations
have capitalized on these improvement frameworks to drive positive changes in their
institutions. While working towards improving compliance with the Joint
Commission's National Patient Safety Goal 8 on medication reconciliation, Cincinnati
Children's Hospital Medical Center capitalized on a combination of improvement
science techniques including statistical process control and process modeling enabled
to make tremendous gains. In just 9 months, they were able to improve their
medication reconciliation rate within 24 hours of admission from 62% at baseline to
better than 90%, and were able to sustain those gains for 27 months postintervention (14). Cases like this highlight the potential that improvement science
methods have for promoting meaningful organizational change with regard to
improved outcome measures.
However, while an outcome-based focus is vital to ensuring customer needs are met,
measuring process quality instead of outcome quality has certain advantages. Process
measures are more sensitive to differences in quality of care than outcome measures
(15). Process measures are also easier to interpret than outcome measures, since they
directly measure the delivery of the item of interest (16). In contrast, outcome
measures must be critically evaluated for confounding factors other than the variable
of interest that may have caused a variation in the result. Well-constructed outcome
measures have the advantage reflecting differences in difficult to measure factors
such as technical expertise and operator skill levels. However, in many environments
it is often the case that the significant amount of work required to validate outcome
measures is not worth the effort. It is often true for individual hospitals and providers
that variations in health care are not sufficiently common to produce an outcome
with enough statistical power to produce a significant result (15, 16). Due to this fact,
variations are difficult to identify within even moderate sized practices because of the
impacts of case mix and normal statistical variability. These difficulties make process
measures more useful to organizations looking to improve local health care processes.

The Use of Process Models in Health Care
In order to measure process performance, it is important to have a clear
understanding of the underlying process itself. Successfully mapping a process is an
essential prerequisite step for any process improvement study because it focuses the
health care team on increasing process efficiency and positive outcomes through an
understanding of the current state. One area where process models have been used in
health care is in the development of care pathways. Care pathways are defined as,
"complex interventions for the mutual decision-making and organization of care
processes (17)." Evidence-based care pathways are supported by the European
Pathway Association as part of a patient-centered continuous improvement strategy
that helps to standardize patient treatment by organizing patients into service lines
where they interact with health professionals. A service line is the path a patient takes
through the health system. While not all patient groups fit into the service line model,

care pathways have been used to operationalize standardized evidence-based
protocols when care interactions are more predictable. Used appropriately, care
pathways can serve both as an operational tool, and a training tool to help deliver
evidence-based care to patients. As process understanding is a cornerstone of care
pathway development, they serve as a great example of the value process modeling
can provide to the administration of patient care. In outpatient procedure-based
clinical settings, establishing care pathways could serve as a valuable standardization
method that could serve as the basis for continuous quality improvement projects.
With that in mind, gastrointestinal (GI) procedure clinics are an environment that is
well suited to exploring the value of process modeling in health care. The procedures
performed there are relatively simple, and provide consistency of both the care team
and the operating environment. This project explored whether simulation of
processes can add value to process modeling when health care teams are reevaluating
and updating their health care processes. There is already a large body of work in
progress looking at mapping health care processes, like a recent effort within the
Baylor Health Care System that successfully mapped process and information flows
in GI suites for nurse and physician anesthesiologists(18). The use of simulation in
the improvement of healthcare processes is relatively new. However, it is seldom used
to assess individuals, but instead is focused on improving processes within a whole
healthcare environment.
Lastly, health care environments can be resistant to change, especially when changes
have limited evidence to support their utility in a specific healthcare setting. Process
modelling and simulation can be used to help provide data to support changes within
a given clinical environment prior to implementation in an actual clinical setting.
This paper explores whether simulation could play a role in helping guide individuals
in the selection of efficient processes in a CORI enabled GI endoscopy suite.

What is CORI?
The Clinical Outcomes Research Initiative (CORI) first distributed their free software
in 1995 in order to study GI endoscopic procedures in "real life." The primary goal of
CORI is to provide data for the National Endoscopic Database (NED). With over 2.7
million reports, NED contains a rich dataset that facilitates research into topics such
as colon polyp surveillance, determining the natural history of chronic GI diseases,
and evaluating the frequency of endoscopic complications. While fulfilling these
goals, CORI has to be maintained as an effective clinical documentation tool that
meets the needs of the practicing physicians who use it. To do this, CORI employs a
team of software engineers and domain experts funded in large part through grants
furnished by OHSU and the NIH. Research conducted using data within NED has
resulted in over 60 publications in peer reviewed journals, in addition to publications
in numerous other outlets(19). CORI was originally designed as an endo-writer, a
software application that allowed for practicing GI physicians to type and print
endoscopy reports instead of writing them by hand. Since CORI is the primary

location where the physician documents the procedures performed on their patients,
it facilitates the process of creating procedure reports for patients, aggregating all of
the relevant clinical information for the procedure into one document. NED data
serves as a rich historical record capable of describing numerous practice
characteristics.
CORI and NED played two essential roles in this project. CORI was the primary EHR
interacted with when providers were using the computer, and was the main
information artifact of the clinical documentation process.

Methods
This project is limited to the examination of activities by endoscopists related to the
performance of GI endoscopy procedures. The key definitions used to identify our
process elements are listed below to provide clarity throughout the rest of this paper
(20).

Key Definitions
Output – “The tangible product or intangible service that is created by the process;
that which is handed off to the customer (20).” The output in this project is a
completed GI endoscopy procedure.
Customers – “The person or persons who use your output – the next in line to
receive it… use output as an input to their work process(es) (20).” The patient is the
customer.
Requirements – “What the customer needs, wants, and expects of the output (20).”
Patients expect to undergo a successful procedure that achieves the therapeutic
outcome without an adverse medical event.
Process participants – “The people who actually do the steps of the process (20).”
GI endoscopists who perform the procedure, interact with patients, and update the
patient record.
Process Owner – “The person who is responsible for the process and its output.
The owner is the key decision maker and can allot organizational resources to the
process participants. He or she speaks for the process in the organization (20).” The
process owner at the Health & Wellness clinic was a Nurse Manager.
Stakeholders – “Someone who is not a supplier, customer, or process owner, but
who has an interest in the process and stands to gain or lose based on the results of
the process (20).” These would be the family members of the patients, as well as the
health administrators at OHSU.
Process boundaries – “The first and last steps of the process (20).” Defined as
follows: Process begins with the first activity the physician undertakes relevant to
their first patient (typically looking up their record in the EHR after checking their
daily schedule), and ends with the last activity they perform related to that patient’s
case (typically the sharing of procedure results and recommendations for follow-up
treatment that they provide directly to the patient).
Inputs – “The materials, equipment, information, people, money, or environmental
conditions that are needed to carry out the process (20).” Inputs included:
Physicians, Procedure Techs, Nurses, Procedure Rooms, Exam Rooms, Doctor’s
Room, and Endoscopes. In the simulation stage of the project, only physicians were
utilized.
Suppliers – “The people, functions, or organizations who supply the process with its
necessary inputs (20).” Scope cleaning technicians (responsible for sterilizing and
organizing endoscopes in between procedures), medical assistants (Responsible for
tearing down and setting up exam rooms after patient discharge and before patient
admission).

Using these definitions, the project was designed to develop simulation models of
workflow processes in endoscopy suites using the CORI v4 Endoscopic reporting
software. This required several steps outlined below:
1. Tool development – development of a time and motion capture tool based that
would accurately represent the process under observation.
2. Observations and data acquisition – Use of the time and motion tool
developed to observe endoscopists in practice.
3. Workflow representation – Translation of observational data into workflow
process diagrams. Done for each physician observed.
4. Simulation development – conversion of workflow process diagrams into
workable computer simulations capable of representing a typical clinic halfday. Done for each physician observed.
5. Simulation execution – Execution of the simulation models with collection of
performance data based on each model developed.
6. Simulation comparisons – Comparison of each physician workflow simulation
to determine which was able to successfully complete the most endoscopic
procedures within 4 simulated hours, or a half-day of work.

Tool Development
Development of the time and motion study tool occurred in two phases. The first
phase was to identify the process actors and process artifacts used in the tool.
Preliminary observations were performed to refine the time and motion tool to better
represent work processes in the endoscopy suite.
Initial observations were carried out at the Oregon Health & Science University
Multnomah Pavilion endoscopy suite. The suite serves both inpatients and
outpatients and is used to perform a variety of endoscopic procedures including
colonoscopies, EGDs, ERCPs and endoscopic ultrasounds. For the purposes of this
study, only colonoscopies and EGDs were considered for observation, since the
simulation models are meant to be representative of the workflow in a typical
outpatient setting. While other procedures are performed in outpatient endoscopy
suites, colonoscopies and EGDs are by far the most common. Subsequent
observations were carried out at the Digestive Health Center at the Center for Health
and Healing, also an OHSU facility. It has an outpatient endoscopy suite that is used
primarily to perform two types of procedures: colonoscopies and upper endoscopies
(EGDs). Endoscopists at both are scheduled in half day blocks during which 5-6
procedures are scheduled. Endoscopists included both gastroenterologists and
colorectal surgeons. In addition, OHSU has a fellowship training program, so some
procedures included both an Endoscopic fellow and an attending physician.
Within each of the clinics observations occurred on an iterative basis. This provided the opportunity to refine the
time and motion tracking tool. Prior to initiating formal time and motion observations, preliminary
observations occurred over the course of two days to identify process actors (

Table 1. Process Actors), physical artifacts within the workspace (Table 2. Process
Artifacts), and to evaluate the physical space where work was conducted. In addition,
a map of the suite was drawn to help understand movement patterns within the suite.
These preliminary observations were performed in January of 2013.
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Table 1. Process Actors

Role
Physician Endoscopist

Procedure Nurse

Endoscopy Technician

Triage and Post-procedure Nurse

Responsibilities
Obtaining patient consent for
procedures
Performance of endoscopic procedures
Documentation of findings
Communication of findings and follow
up schedule
Administration of procedural anesthesia
Recording of patient vitals
Maintenance of procedure record during
procedure
Provision and maintenance of
endoscope
Provision of endoscope accessories inprocedure
Labeling and collection of biopsy
specimens
Greeting and rooming of patients
History taking and medication
reconciliation
Preparation of patients for procedure
Provision of post-procedural care
Provision of follow-up documentation

Table 2. Process Artifacts

Consent Documents
CORI
Procedure
Schedule
Desk schedule
CORI schedule
EPIC schedule
Nurse’s station schedule
Notes
CORI
EPIC

Pre-procedure
H&P
Medication Reconciliation form
Procedure
CORI®
EPIC®
Endoworks®
Post-procedure
Procedure Report
Discharge Instructions
Other
GI guidelines

Following identification of process actors and artifacts, time and motion observations
were performed in July and August of 2013. Time and motion study techniques were
adapted from the AHRQ Time and Motion Studies Database; adaptations were made

to account for the process actors and artifacts identified in the preliminary
observations to make the tool more relevant to GI endoscopy workflow process
analysis (20). A total of 2 observers were involved in recording observation data, one
graduate student and one undergraduate intern. No inter-observer comparisons were
made to assess for consistency. The endoscopy suites and procedure rooms were
space-limited, and the nurse manager requested that the project team not use two
observers present simultaneously. For each observation session, a single observer was
present to capture time and motion data. These observations were tracked on a
spreadsheet formatted in Numbers (v2.2) on an Apple iPad 4 (v7.2.1). In initial
observations, recording a single activity required a selection for each of 6 different
items:
1. Action – Referred to the general class of activities, included: Computer Read,
Paper Read, Computer Look, Paper Look, Computer Write, Paper Write, Talk,
Personal, Phone, and Wait.
2. Code – Referred to a subcategory of activities within each activity class. As an
example, Computer Look had the subcategories: Chart, Data, Lab Result,
Radiograph, Patient, Colleague, Consultant, Forms, and Other.
3. Location – Referred to general locations within the endoscopy suite, ignoring
room numbers. Locations were: Exam, Procedure, Nurse Station, Doctor,
Laundry, Restroom, and Locker Room.
4. Treatment Phase – Referred to the patient-specific phase of treatment,
included: Pro-procedure, Procedure, Post-procedure, and Other.
5. Start Time – Indicated the start of an activity.
6. End Time – Indicated to the end of an activity.
Overall the tool contained 96 coded action subcategories. In addition, a notes column
was used. Notes were used to enter an integer referring to the patient number that
the physician was treating, applied in the order that the patient was seen. In this way
no private or confidential data related to patients was ever recorded.
While the data provided using this observation tracking tool was rich, recording
events in real time proved impractical. The initial observation criteria did not exclude
the possibility of separate activities occurring simultaneously, meaning new activities
were sometimes started before the previous activity was completed. Additionally,
there were times that action durations were shorter than the time it took to record
them, resulting in aberrations in the time recorded for an action versus the actual
time an action took to complete. Due to this limitation, the observational tool was
simplified. Subsequent observations were made only at the Center for Health &
Healing and used a simplified tool that was adapted to both Numbers on an Apple
iPad and for an Excel form on a Surface 2 tablet, the latter offering the distinct
advantage of recording a timestamp with a single tap.
The simplified observation tool contained 5 fields:
1. Timestamp for the onset of an activity. The second iteration of the tool
introduced the assumption that the start of the next activity implied the end of
the preceding activity.

2. Patient on whom the activity was performed, if applicable. Utilized an integer
relating to order seen.
3. Location of the activity, if applicable.
4. The endoscopist performing the activity (constant during a half day
observation session). This information was subsequently scrubbed from the
final data set for privacy purposes.
5. Activity performed, which included the following selections:
a. Computer/EHR: time spent reviewing a specific patient’s chart or
documenting a procedure.
b. Computer/non-EHR: any other computer activity including email,
web surfing, logging in/out.
c. Procedure: all activities performed by the endoscopist with the
endoscope in hand, in addition to the miscellaneous procedure
activities that include waiting for a scope change during a procedure.
d. Patient Interaction: All activities performed by the endoscopist that
are directly communicated to the patient outside of the procedure itself.
Includes consenting the patient for the procedure, explaining a
procedure and its outcomes, post-procedure follow up, and patient
education.
e. Personal: All time not spent in activities otherwise defined above.
Includes bathroom breaks, coffee breaks, eating, personal phone use,
idle time, and chatting with co-workers.
f. Walking: Movement from one location to another, does not include
walking within a location. The start time was defined as exiting the first
location, and the end time was defined as beginning a new action in a
new location.
g. Other Medical (phone calls, discussions with other staff, etc.):
activities outside of the procedure itself that are still part of a patient
care cycle. Includes: time out/safety processes, professional
communication about the procedure, printing and obtaining patient
education/procedure documentation, interpreter related services, etc.

Data Acquisition
Following development of the final time and motion tool, subsequent observations
were performed in June and July of 2014. Observations occurred over a total of 9
total work days with 5 different endoscopists. This integer was used to track
observations, but never was the patient name or any other private or confidential
information included in the observation data set. Observation Data were used solely
to identify what activities the physician was engaged in and the time spent on that
activity, not specific encounter data. Using the activity data collected, the next step
was to construct workflow process models.

Workflow Process Models
A process model is a graphical tool used to represent the activities undertaken during
a process; There are several ways they can represent the work being done, but their

intent is to graphically represent the work in such a way that an observer can
understand the steps taken in the process they represent. As a part of this project,
process models were developed to represent the activities performed by physicians in
the endoscopy suite. These process models served as a template for the simulation
models that were subsequently developed. The project process models utilized a
swim-lane representation of physician activities, similar to what is shown below in
Figure 2.

P1

Activity 1

P2

Activity 2
Activity 1

Figure 2. Simple workflow process diagram

The project had two goals: First, to determine if process modeling could identify
process inefficiencies in a GI endoscopy suite, and second, to develop a method using
simulation to demonstrate process efficiency. This process efficiency could
theoretically be used to compare different physician processes to one another, and
allow an organization to suggest changes to a process to address identified
bottlenecks. To build process models for the endoscopy clinics as a starting point for
analysis in the simulation, we relied on the definitions above and the process
discovery procedures described below.
The project used time and motion procedures adapted from an AHRQ time and
motion study toolkit. The AHRQ toolkit was selected because it was “designed to
assess the impact ambulatory care interventions have on workflow and workload
(21).” It was developed Partners HealthCare based on work done by the Regenstrief
Institute specifically for assessing ambulatory care environments. Direct observations
using these techniques were made, and the tool was modified to make it more
relevant to GI endoscopy procedure analysis and the specific goals of this project
(22).
Initial process flows were represented as swim lanes. Each lane was labeled with an
integer representing a patient in the day’s clinic. Activities performed by the
physician for a patient were listed sequentially in the appropriate lane. Transitions
between patients were represented with an arrow pointing to the lane representing
the patient where the next activity occurred. These diagrams served two purposes:
First, they identified how the different physicians involved in the clinic managed their
patient flow. Second, they provided an overview of the activity patterns followed by
each physician. Predictably, most of the physicians utilized a regular pattern of
activities with each patient. However, each physician utilized a different activity
pattern to complete the same work. These process models were used to identify the
activity pattern unique to each practitioner. These activity patterns did not represent

the total workday, but instead the series of activities utilized by each physician for
each patient they encountered.

Simulation Building
After completing the process models, the next step was to build simulation models to
represent the process models for each physician. Simulation models were developed
using ExtendSim AT (http://www.extensim.com/prods_at.html). To control for
variations in the durations of different activities performed by each physician,
standardized distributions were applied within ExtendSim AT for each activity type.
These distributions were created based on the normal distributions applied to the
mean and standard deviation of each activity observed during the direct observation.
Deidentified historical data from NED was used to develop probability distributions
for the duration of colonoscopy and esophagogastroduodenoscopy (EGD) within a
CORI-enabled endoscopy suite. These distributions were used to create more
representative input parameters for the simulation model. Observers were only able
to observe a limited number of procedures during this project, so using the NED data
provided access to procedure durations for close to 60,000 procedures, which
provided a much more robust sample to determine a sample mean and standard
deviation. Procedure times for colonoscopies and EGDs were calculated in the
simulation model using a lognormal distribution for each respectively, with the mean
and standard deviation being calculated from a dataset provided from the National
Endoscopic Database (percent of outpatient which are colonoscopies, EGDs, or
combined procedures in the last two years, duration of procedures). This dataset
included individual procedure times rounded to the nearest minute for all EGDs and
colonoscopies performed in the previous two years, respectively.
This study was deemed exempt from human subjects review by the OHSU IRB,
protocol #9617 approved 6/14/2013, and protocol #16929 approved 5/11/2017.

Results
Preliminary Observations
For any one patient encounter, the physician would interact with: a short stay nurse
responsible for admitting the patient and setting up an IV, the patient, a procedure
nurse who would administer sedation during the procedure under the direction of the
physician and monitor the patient’s vital signs, and a procedure technician who
supported the physician during the procedure itself. In addition, it was possible that
the physician would interact with an interpreter if their services were required, and
patient’s friends and family members if they were present prior to or following the
procedure itself.
There were many artifacts, both electronic and physical that the physicians relied on
during any given patient procedure cycle. Individual artifacts are listed below with a
short description of their role in the process:

Consent forms – Different physicians introduced these forms in different ways.
Several of the physicians appeared to have a script that they followed when
introducing these artifacts, while others seemed to improvise their presentation of
the forms with each procedure. There were two consent forms explained to the
patient prior to every procedure:
1. Research consent – a generalized OHSU consent form used to provide patients
with information regarding the need for their consent to be obtained if any of
their personal health information was going to be used in a research study
following the completion of their procedure.
2. Procedure consent – a consent form used to ensure that the patient
understood the risks associated with the procedure itself.
Schedules – numerous formats were used to relay the day’s procedure schedule to
staff within the endoscopy suite. The schedule artifacts used in the endoscopy suite
are listed below:
1. Paper printout of schedule - was used by some physicians to track referring
physicians for the day’s procedures, and was printed by a nurse or nurse
manager prior to the physician arriving in the morning.
2. CORI EHR – used by the physician, lists the procedure as well as the patient,
used often throughout the day.
3. Epic EHR – used by the physician, the nurses, and the receptionist; identified
by the physicians as the most up to date schedule resource, however it was not
used as often as CORI in this endoscopy suite. The Epic EHR was described as,
“useful because it links directly to the full patient record,” for looking up
information about the patient’s history, in contrast to CORI which only
contains procedure information on procedures done in a CORI enabled
endoscopy clinic.
4. Nurse's Station schedules – used by nurses and physicians; included several
paper schedules with different types of information. One schedule displayed all
scheduled patients and what physician they were scheduled with for their
procedure, another showed the nurse and technician schedules.
Procedure Notes – procedure notes were primarily recorded within CORI, however
referrals and patient information that needed to be communicated to practitioners
outside of the endoscopy clinic were captured in Epic.
Pre-procedure artifacts – several artifacts were used only during the pre-procedure
period:
1. History and Physical form - filled out by the patient and the nurse prior to the
physician meeting with the patient.
2. Medication Reconciliation form - available in EPIC, was sometimes printed
and presented to the pt for review, other times it was reviewed with the
patients directly from the computer.

Procedure specific artifacts – during the actual procedure, the following artifacts were
used:
1. Endoworks – An endoscope linked application that was used to take pictures
during the procedure itself. Following the procedure, the endoscopy technician
was responsible for initiating an upload of the pictures into CORI. This was
required for addition of the photos into the procedure report. On several
occasions the physician had to wait for this process to be completed prior to
finishing a procedure report.
Post-procedure
1. CORI EHR – following each procedure, the physician would ask for the
cumulative dose of sedation used by the nurse during the procedure prior to
documenting. One physician indicated that this information was not readily
available within the electronic record, despite sedation doses being
documented in the procedure flow sheet.
2. Epic EHR – the physicians occasionally would have to enter referral
information into Epic, and sometimes needed to copy notes over from CORI to
Epic to provide a clear record for the primary care practitioner.
3. Printed Procedure Report – following the procedure, the physicians used
CORI to document the patient’s procedure and to generate a patient and
procedure specific report describing their findings.
4. Discharge Instructions – typically distributed by the short stay nurse to the
patient or their family, provided general information for the patient following
the procedure.
Informal observations identified the following within the endoscopy suite:
1. Difficulties coordinating with interpreter services.
2. EHR interoperability issues resulting in workflows requiring data re-entry and
the potential for miscommunication.
3. Delays uploading procedure photos following a procedure, which subsequently
delayed completion of the procedure report by the physician.
4. Duplication of scheduling, and inconsistencies in schedule representation
between different artifacts.

Formal Observations
Early observations revealed variability in the processes utilized by different
physicians. Using the adapted AHRQ tool for initial observations (See Appendix B)
proved challenging due to the sheer number of options available and the speed of
transition between activities in the endoscopy suite. The main learning opportunity
from the first set of formal observations was that the observation tool itself had to be
streamlined dramatically in order to make it more user friendly. Modifications of the
observation tool were completed as mentioned above in the Tool Development
section. Subsequent observations are described below.

Observations with Updated Tool
Observations using the updated tool proved beneficial in two areas. First, these
observations identified more clearly the activity patterns used by different providers.
Second, using the duration of each activity observed, standard distributions of each
activity time were determined with a mean and standard deviation. These
standardized distributions were later fed into the simulation models. ExtendSim AT
is able to create random times for different activities based on input parameters, so
utilizing the actual data from observations was a way to improve the validity of the
model in this setting. Procedure times on the observed days were not used to develop
distributions for each type of procedure, since the NED data file provided a much
richer source of information in that respect. Using the updated tool, differences in
physician activity patterns became much clearer. 4 of the 5 physicians observed
showed evidence of regular activity patterns that could subsequently be modeled into
the simulation software. The activity “Personal” was not included because there were
only two instances observed of a physician taking personal time during the entire
observation period.
Table 3. Activity Times. All time units are in minutes.

Activity

# of Observations

Mean (min)

Std. Dev. (min)

Patient Interaction

64

2.36

2.37

Computer

66

4.14

3.25

Other Medical

58

1.50

2.75

Walking

113

0.31

0.25

Process Models
Models were developed for each physician indicating their activity patterns in swim
lane format as discussed above. The models are presented in Appendix C. Models
were developed by taking the raw data from observations and presenting it as an
activity string, with transitions indicated by vertical arrows pointing to the swim lane
corresponding to the patient the physician’s current activity was directed towards.
This swim lane representation did not provide sufficient detail to identify bottlenecks
in the process, so a second physician-independent workflow was developed based on
the preliminary observations to more clearly represent what decisions are occurring
during the physician’s work day. The physician independent workflow was developed
by trying to identify what steps in the process had to occur, and where there was
room for variation in the process. For example, for each individual patient travelling
through the endoscopy clinic, prior to the procedure, each physician was required to
perform the patient interaction (in this case to describe the procedure and obtain
consent) and computer activities (to look up the patient, identify the reason for their

referral, and review any relevant medical history). Following the procedure, these
same two activities were again required, one to document the findings of the
procedure and enter any appropriate follow-up or referrals (computer), and the other
to inform the patients of the results of the procedure and to provide any instructions
(patient interaction). Outside of these required items, other activities were available
to the physician and were used variably based on their individual workflow. The
physician independent model attempted to represent both the required activities, as
well as the optional activities performed for a single patient.
In this representation (presented in Appendix C), there are several decision points for
the treating physician that can result in extra activities that are not essential to
process completion. As can been seen in the suite map in Appendix A, the Doctor’s
room where many of the physicians performed their documentation was remote from
the procedure rooms. Individual physicians would sometimes leave the procedure
room two to three times to use the computer in the Doctor’s room prior to a
procedure. This would occur more commonly in patients who were not yet adequately
sedated to begin their scheduled procedure, even though computers were available
for use in all the procedure rooms. Leaving the procedure room unnecessarily
resulted in the physician having to walk to the Doctor’s room and log into and back
out of their computer systems multiple times. Each of these extra steps added
additional time to a patient’s stay.

Simulation Models
Models were developed for each physician for whom a regular activity pattern could
be determined representing their approach to patient care. Of note, the observation
data for physician 4 included only three patients, and did not provide sufficient
information to identify a practice pattern that could be translated into the simulation
model. As a result, simulations are only available for physicians 1-3 and 5. The
models are presented in Appendix D.
Procedure types were fed into the model utilizing a random number block that relied
on an empiric distribution that commanded the block to produce 75% colonoscopies
and 25% EGDs. This breakdown was used based on approximate normal practice
patterns as described by the physicians observed. Procedure times for a given
simulation run for each of these relied on a Lognormal distribution using the mean
and standard deviations in table 4 below. ExtendSim would apply an attribute to each
item entering into the model that identified it as a colonoscopy or EGD. When the
item passed through the procedure activity, the software would determine the time an
item would remain in that activity (a procedure time) based on its procedure type
attribute by applying a randomly generated number along the Lognormal distribution
defined by the mean and standard deviations below for each procedure type
respectively.

Table 4. Procedure mean and standard deviations from NED data set.

Procedure

# Data Points

Mean (min)

StdDev (min)

45210
20996

23.20
9.43

13.34
7.99

Colonoscopy
EGD

Each simulation was configured to run for 1000 minutes, and total of 6 items
(patients) passed through each simulation run. A queue block capable of recording
the time that each item passed out of the model, and the procedure type assigned to
each respective item that passed through it was used to record the model outputs.
Each simulation model was then executed for a total of 20 runs, with a mean time for
6 items to exit, and a standard deviation being calculated for each model. The
procedure type percentages for all 20 simulation runs was also determined, along
with a calculation of how many times the model could complete 6 total items in less
than 240 minutes, or what would be the equivalent of ½ of a working day. Table 5
below presents the aggregated data obtained from those simulation runs. The
simulation for Physician 2 had a mean far lower than the other three physicians, so a
one tailed t-test of values with unequal variance was performed to test whether the
sample for Physician 2 represented a significantly shorter time to completion than
the other Physician model samples. It was determined that the mean time for 6 items
to exit the simulation was significantly shorter for Physician 2 (mean = 231.44
minutes + 17.66 minutes at 95% CI) than for the other three.
Table 5. Aggregate data comparing physician simulation models.
Physician
#

# of Sim
Runs

Mean time for 6
items to exit (min)

Std
Dev
(min)

Colonoscopies
(%)

Total runs
completed in
< 240 min

Total Activities
in Model

p

1

20

283.27

40.48

62.5

3

15

< 0.001

2

20

231.44 + 17.66

37.74

77.5

14

12

3

20

255.62

28.52

75

5

13

< 0.02

5

20

291.64

43.73

81.67

1

28

< 0.0001

Discussion
This project set out to determine the answer to two questions: Within an outpatient
endoscopy suite, can process modeling help identify process inefficiencies and can
simulation models be used to demonstrate process improvements?

Modeling to Identify Process Inefficiencies
The swim-lane process models created initially for each physician and their workflow
using the data from the simplified observation tool proved inadequate for the first
research question. The high-level detail provided by these models did not reveal

choke points or road blocks in the process itself. The physician-independent model
developed later was more useful in this regard, as the representation of its decision
points revealed several key areas where process efficiency can break down. Other
than the required activities of Computer and Patient Interaction prior to and
following the procedure, the decision points related to readiness for the procedure
and readiness for discharge identified a main point of variation in the process. These
decision points unveiled that some physicians are at risk of task-switching
inefficiencies in an outpatient endoscopy clinic (23, 24). In this way, the second
model-representation was more useful for evaluating process efficiency. However, it
still fell short of including information artifacts and other factors that can play a role
in process inefficiencies. Neither of the models used in this project incorporated
processes outside of the physician process, which could have a significant impact on
time to discharge, or any of the specific information artifacts identified in the
preliminary observation period. During the informal observations at the beginning of
the project, four main difficulties were identified that were not easily incorporated
into the models:
1. Difficulties coordinating with interpreter services.
2. EHR interoperability issues resulting in workflows requiring data re-entry and
the potential for miscommunication.
3. Delays uploading procedure photos following a procedure, which subsequently
delayed completion of the procedure report by the physician.
4. Duplication of scheduling, and inconsistencies in schedule representation
between different artifacts.
These issues involved process actors and artifacts that were frequently out of the
physician’s control, and would have required parallel representation within the model
to display their impact. While they were not represented in this project, an institution
using this software could integrate multiple processes together to get a clearer idea of
the overall process after having evaluated each individually.

Modeling to Demonstrate Process Improvements
As health processes become exceedingly more complex, and regulatory frameworks
add additional requirements to what is documented and performed in health care
processes, it is more important than ever to establish methods to evaluate how to
change health care processes safely and effectively. Simulation of health processes
has the distinct advantage of providing an opportunity to explore process changes in
a safe environment free from concern for risk to patients or the cost of expensive
process changes. Additionally, simulation models have the potential to help train
future staff. Specialist training programs are typically small, and as such the
likelihood of two physicians trained in separate locations arriving to a practice and
performing the same procedure using the same process is low. Observation and
simulation of care processes has the potential to demonstrate to physician team
members that they might benefit from certain process changes, and increased levels
of standardization could help the entire health care team be more efficient. This is
part of the rationale for why simulations were developed in this project.

Simulation models were developed for 4 of the 5 observed physicians. Those models
can be viewed in Appendix D. Based on the model characteristics observed, it is likely
that the activity pattern used by Physician 2 is significantly more efficient than the
activity pattern used by the other physicians observed in this project. The goal of a
simulation project such as this is to provide quantitative data that can help support
business decisions. With a typical process improvement project, an algorithm for
efficient work based on observation data might be developed. However, without the
ability to simulate that process, stakeholders must decide whether the change is
worth the cost and risk associated with making that change. While simulation models
have been used in many settings to evaluate work processes from a high level, this
project was novel in that it looked at and compared individual process differences
between Physician providers. This type of information could prove invaluable when
evaluating what changes in an environment are likely to produce a tangible benefit.
Additionally, they can be investigated without subjecting either the process actors or
their patients to the risks associated with changing processes.
The simulations compared in this model were run 20 times each. Modeling in
ExtendSim AT version 8.* requires the modeler to either export values for each
individual run, or to record data for each individual run in order to determine item
characteristics such as the time of completion for 6 items or the ratio of attributes
assigned for an individual run. In ExtendSim AT version 9.*, a new block was created
called the Item Log Manager, which is able to keep a log of items passing through a
multi-run simulation, allowing data collection on much larger samples. Initially the
models in this project were configured to run the simulation 120 times
(approximately 30 full working days 1 sim run = ½ day), however, the work required
to record the item characteristics of the items exiting the model in this fashion, which
is why 20 runs was chosen instead. Unfortunately, simulation models with
pseudorandom number generation such as this one are known to suffer from a
phenomenon called the warm-up period. This refers to a period where output has yet
to reach a “steady-state,” and may fail to reflect the input parameters specified. This
is likely the reason the procedure percentage of each simulation varied from the
empiric distribution specified in the random number generation block. In future
applications requiring the same output information, ExtendSim AT version 9.* and
the Item Log Manager would facilitate the ability to reset the simulation output after
the model steady state is reached, thus providing a more consistent set of cases for
comparison of the models.
Despite these challenges, the results of the simulations completed in this project
prove that simulation can be a valuable when evaluating individual workflow in an
outpatient endoscopy suite. From a scheduling perspective, it is useful to consider the
data for total runs completed in < 240 min. The model for Physician 2 was able to
complete all 6 items in 70% of the simulations run. The model for Physician 3 was the
next closest performer, and it was only able to complete all 6 items in 25% of
simulations ran. Hypothetically, this could mean that physicians utilizing the activity
pattern of Physician 2 could see significantly more patients, which would have the
potential to impact several factors including access to care, utilization of health care
resources, and reimbursement for services.

Another way models such as these can be useful is to serve as a training resource for
staff. The model provides explicit guidance on what activities to do when, and
produces evidence to suggest that certain activity patterns outperform others. While
the simulations are not prescriptive of exactly what occurs at each step, they do
provide guidance that trainers and peers could use to guide the conversation about
how work should be performed in the endoscopy suite. This is an especially valuable
outcome given that team members, especially physicians, have diverse backgrounds
and training. While these diverse backgrounds and perspectives are often an asset to
clinical teams, a more standardized approach has the potential to improve care (14,
25). Overall, it is clear that simulation has the potential to play a significant role in
the improvement of individual Physician practices in the outpatient endoscopy
environment.
While the time to completion of 6 endoscopic procedures was the outcome criterion
chosen for this investigation, it should be noted that this study is not suggesting that
faster throughput is equivalent to better outcomes. This results in this project were
simply intended as an illustration of how simulation software can be used to evaluate
processes and physician activity patterns. There are entire reviews in the clinical
literature regarding how to evaluate the quality of endoscopic procedures (26). While
it feasible that such criteria could be incorporated into a similar effort, this project
did not specifically evaluate any procedure-specific quality measures, and makes no
argument regarding whether simulation software or process modelling could or
should play a role in that context.
At the outset of this project, dedicated outpatient endoscopy suites appeared to be a
perfect opportunity to explore the possibilities of modeling in workflow optimization.
Even given normal clinical variety in terms of case mix and procedural complexity,
several aspects of the clinical environment suggested modeling interactions would be
feasible. The relative stability of the clinical team during any given work period, the
range of procedures likely to occur, and the requirements of documentation are
consistent enough that representing them using modeling software can be expected
to produce a reasonable representation of the true work. However, by focusing only
on physician activities, there were several aspects of the clinical workflow that were
omitted in terms of the patient experience. Modeling only physician activities
resulted in a loss of information for several processes that independently impact
physician efficiency. This is an important consideration, and future observations and
modeling for process improvement should take this point into account. Also, the
simplification of activities into activity classes, and the use of distributions for activity
times may have artificially altered the duration of activities as they were performed
throughout the day.
To improve these models, future projects could focus on the addition on nonphysician activities including triage, registration, and recovery. These were omitted
from the models in this project to promote simplicity and to weight the model
characteristics towards physician activities. However, their addition would add
substantially to the model’s accuracy of representing the real-world process.
ExtendSim is certainly capable of modeling parallel processes that utilize different

items required by the system to advance the process. Procedure activities could utilize
item batching or more complex resource requirements to represent the staffing and
equipment needs of the endoscopy suite for a given procedure. Additionally, these
other process models could be developed independently, and inserted into the
physician model as hierarchical blocks. In this way, ExtendSim and other simulation
software packages provide flexibility to approach process mapping iteratively, rather
than having to map the entire process at once. This project suffered from the
additional handicap of having only one observer at a time, despite the existence of
multiple process threads occurring simultaneously with the addition of other process
actors. This could potentially have been surmounted with the addition of using videocapture with post-hoc analysis to evaluate concurrent processes outside of the
physician process. However, in order to truly address this using such a method, the
video capture would have to capture the specific tasks being performed by all process
actors. It is for this reason that iterative analyses to understand each process actor’s
baseline process would likely be more beneficial in the context of model building,
since it would offer the observer more flexibility to keep track of the process actor
than a fixed camera.
Also, the discussion thus far has not addressed an inherent issue with process
measures in health care; that they are only valuable when they measure adherence to
processes proven to be effective (15). One of the dangers of process measures in
quality improvement is that they can promote the maintenance of a status quo that
does not support better care if the evidence the measures are based on is lacking or
inaccurate. The simulation models developed in this project were based on activity
patterns observed in 5 individual physician endoscopists. To my knowledge, there is
no reference standard process for the completion of outpatient endoscopic
procedures, so use of the individual physician activity patterns observed in this
project may not have identified the most efficient process. If practices in the
endoscopy clinic changed based on results of a similar modeling project, process
improvement frameworks suggest that an iterative approach would be most
beneficial, as it is likely that the new process would have other inefficiencies to be
addressed.
A potentially difficult problem to address is whether this simulation adequately
represents the variability of the health care processes observed. Health care processes
are notoriously non-linear. Typically processes in health care environments are
highly interruptive, and often require simultaneous task execution. Models of health
care work environments can be poorly representative of the process when they
represent “collective interactive work as a linear, clear cut, and predictable workflow
(27).” Future representations of the model could include factors such as reneging
queues, where a patient would leave prior to completing their procedure because they
had to wait too long, equipment failures requiring the treatment team to wait for a
replacement or cancel a procedure, or any number of other factors that interrupt the
typical flow of work in the endoscopy suite.
An additional limitation of this project was the simplification of the time and motion
observation tool and the repercussions this had on the process complexity those

observations could shed light upon. Although simplification of the tool was deemed
necessary in order to capture the processes accurately within the limitations of the
observers, the decrease in observation categories could have negatively impacted the
representation of the process in the models that were subsequently constructed. It is
also worth noting that there was no formal observer training or inter-observer
reliability measurement in this project, and the observers worked independently
during all observations. Observer differences leading to differences in process
representation cannot be excluded.

Conclusion
Overall, this project advances the argument that simulation and modeling can be
useful tools in determining ways to improve work processes in an outpatient
endoscopy clinic. The project demonstrated a difference in physician work processes
that produced a significant difference in the amount of time to complete a given
amount of work. This is valuable information in outpatient medicine. The time saved
by working more efficiently could be used elsewhere in activities like more robust
patient education or in performing a more comprehensive time out prior to beginning
a procedure. It is also important because as they say, time is money, and an
outpatient practice could significantly improve their reimbursement by practicing
more efficiently.
In the future, modelers should consider utilizing a standardized framework for time
and motion during the observation process. Utilizing techniques such as video
capture, inter-observer reliability assessments, and model validation with key
stakeholders would increase confidence in the model and its representation of the
true process. Additionally, more clearly modeling workflow disturbances would
provide valuable information to process actors and administrators. In all it is clears
that simulation can play a role in guiding the conversation about workplace process
changes prior to exposing providers and their patients to the risks that inevitably
accompany change.
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Appendix A – Gastrointestinal Suite Map
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Appendix B – Observation Tool Templates
Item 1. Original tool categories modified from AHRQ Template:
Code

CATE

CR

PR

CL

PL

CW

PW

PR

TK

PER

PH

WT

1

CR

Chart

Chart

Chart

Chart

Note

Note

Patient

Computer

PR

Lab data

Lab data

Data

Data

Orders

Orders

Procedure
consent
Study consent

Eating

2

Explain
procedure
Time out

Idle

Getting results

Paper

3

CL

Lab result

Emails

Emails

Patient

Radiograph

Forms

Forms

Colleague/staff
for pt.
Colleague/staff
for non-pt

Scheduling tests

Radiograph

Email

Paging

Phone

5

CW

Dictation

Dictation

Patient

Patient

Other

Other

Educating pt

Palm/diary

Dictating notes

Nurse

6

PW

Colleague

Patient family

Other

Personal

Other

PR

Literature
search
Schedule

Colleague

7

Literature
search
Schedule

Consultant

Consultant

8

TK

Pt. email

Pt. email

9

PER

Forms

Forms

Forms (PP
Doc,
Charge)
Other

Forms (PP
Doc,
Charge)
Other

Procedure
start + finish
COL cecum
reached
COL - exit
rectum
Collect
sample
Collect
image
Administer
drug

Restroom

PL

Drug
reference
Articles

Lab result

4

Drug
reference
Articles

Vitals (A or
M)

Other

10

PH

Other

Other

11

WT

Patient

Other

Interpreter

Major Categories: CR – Computer Read; PR – Paper Read; CL – Computer Look Up; PL – Paper Look Up; CW – Computer Write; PW
– Paper Write; PR – Procedure; TK – Talking; PER – Personal; PH – Phone; WT – Waiting

Original Tool Excel Form Example:
Action
CL

Code
1

Location

TxPhase

Doctor

Preprocedure

Start
7:45:58
AM

Finish
7:46:01
AM

Notes
C

Item 2. Updated Observation Tool Excel Form Example:
Patient Number
1

TIME

LOCATION
06/24/2014 13:15:55 DoctorsRoom

ACTIVITY
Computer

Appendix C – Process Models

Figure 3. Physician independent process.

Appendix D – Simulation Models

