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Abstract

Enhanced access and continuity are key components of patient-centered care. Existing studies show that several
interventions such as providing same day appointments, walk-in services, after-hours care, and group appointments,
have been used to redesign the healthcare systems for improved access to primary care. However, an intervention
focusing on a single component of care delivery (i.e. improving access to acute care) might have a negative impact
other components of the system (i.e. reduced continuity of care for chronic patients). Therefore, primary care clinics
should consider implementing multiple interventions tailored for their patient population needs. We collected rapid
ethnography and observations to better understand clinic workflow and key constraints. We then developed an
agent-based simulation model that includes all access modalities (appointments, walk-ins, and after-hours access),
incorporate resources and key constraints and determine the best appointment scheduling method that improves
access and continuity of care. This paper demonstrates the value of simulation models to test a variety of alternative
strategies to improve access to care through scheduling.

Introduction

Primary care clinics are under great pressure to improve access, health outcomes, quality and efficiency of care with
limited availability of resources, especialy in the current funding environment. The importance of providing patient-
centered care with enhanced access and continuity has been emphasized in several studies.? Interventions that vary
according to the domain of care (acute care, preventive care, or chronic care) have been used to enhance primary
care’. Same-day appointments, telephone triaging, walk-in centers, and after-hour services are used to improve
access to acute care® Multidisciplinary care teams, disease specific clinics, group appointments, registries,
information and decision support systems, patient education and workforce development are used to improve access
to care for chronic disease.> Community and population based programs to increase awareness, support systems for
compliance and reminder systems are used to improve access to preventive care.® However, interventions that focus
on a single component of care delivery are shown to have negative or no effect on other components of the system.
For example, one study identified challenges in securing ongoing appointments for chronic care patients, due to
increased availability of same-day appointments for acute care.* Another study evaluated the introduction of walk-in
primary care clinic and reported good use by patients; however, there was no reduction in use of pre-existing
services® In another study, after-hours service did not show improvement in access to after-hours care, due to
misconceptions about how to access the new system.® Therefore, multiple strategies targeting different levels or
components of the health care system should be used to achieve the best performance.®

There are several access barriers to care including financial and non-financial barriers. While financial access
barriers were found to be a primary problem experienced by 18% of US adults surveyed, 21% experienced non-
financial barriers that led to unmet needs or delayed care’. The most commonly cited non-financial barrier was
accommodation (challenges making appointments and ability to see a provider during limited hours)®. A systematic
literature review revealed challenges for patients in obtaining appointments, longer waiting times, short business
hours at the primary care clinics, unavailability of a regular physician or clinic, and low socioeconomic status to be
associated with inappropriate use of emergency services.® Effective scheduling could address accommodation
barriers; however, health centers struggle to implement novel scheduling methods due to lack of decision support
tools that can be used to determine the best scheduling method tailored according to the patient population needs™.
The number of strategies in the literature, the conflicting results of the existing studies, and the limited clinic
resources make it difficult for clinic managers to determine the best set of interventions for their patient population
and setting. In a recent study, two-thirds of the surveyed safety-net health centers did not have a process for same-
day scheduling or had a process that needed improvement.* The aim of this study is to model the patient population
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and primary care delivery system using simulation and then use the resultant model to determine optimal scheduling
methods for improved access to care and continuity of care.

Background

In a project involving four community health centers (CHCs) in Indiana, we identified several challenges for
patients in obtaining appointments including long waiting times, short business hours at the primary care clinics, and
unavailability of aregular physician or clinic. The most commonly used scheduling method observed was a hybrid
of traditional and advanced access scheduling. Patients with perceived need for routine follow-up (e.g. chronic
conditions, routine visits for prenatal and well child check, and lab tests) are often scheduled in advance with a lead-
time of 2 weeks to 9 months, depending on the condition, clinic, and provider. All clinics had adopted one or more
strategies to provide some same-day access for acute care. Triage appointments (a number of appointment slots are
kept open for acute problems) and walk-in hours are the strategies used to provide same-day access for acute
demand. Overbooking was allowed by permission of the providers or, in urgent cases, patients were referred to local
emergency rooms for care. Open access scheduling was used in one clinic where 80% of the appointments were kept
open for same-day access. If a patient cannot be scheduled on the same day, he/she was asked to call back next day.
Another clinic had a nurse practitioner (NP) whose schedule was explicitly kept open to provide same-day access to
patients with acute care needs. Some clinics had walk-in hours on certain evenings and/or on Saturdays for
established patients; an effective way of providing care at more convenient times for working patients.

Patient no-show was a major challenge for all clinics. Missed appointments reduce the continuity of care for no-
show patients, reduce timely access to care for patients who cannot get an appointment, waste provider resources
and can negatively impact health outcomes. While appointment reminders are often used to reduce no-shows, the
missed-appointment rates were still higher than desired, about 25% for the clinics using traditional scheduling with
triage appointments. No-shows worsen as the length of time between making the appointment and the actual visit
date increased.

Implementation of open access scheduling may hold considerable potential in clinics where there is a high rate of
patients who end-up going to emergency departments, even for non-urgent problems, because they cannot get a
same-day appointment. The successful implementation of advanced access scheduling is reported to reduce no-
shows, improve provider utilization and patient satisfaction. However, successful implementation requires careful
analysis of clinic capacity and patient demand. Inappropriate proportions of capacity allocated for open access
typically causes mismatch between capacity and demand, and result in implementation failure.* In our study, we
noted that open access scheduling faces resistance from providers and staff due to uncertainties regarding its
implementation and how it would actually work.

Previous studies have cited several reasons for no-shows including patient-related factors, scheduling system
problems, and environmental and financial factors. Several interventions including appointment reminders, patient
education, follow-up after a missed appointment, and open access scheduling have been used to reduce no-shows.*
However, no-shows could not be eliminated completely due to several factors. We developed a logistic regression
model that includes age, lead time (time between the appointment is made and the actual appointment time), prior
no-show behavior, provider type, insurance type, and appointment type, as predictors of patient no-show.? Most of
the existing literature ends with reporting the predictors of no-shows. Here, our aim is to use no-show prediction
models to estimate actual demand and develop advanced scheduling methods considering individual no-show
probabilities.

Many studies in the operations research literature propose appointment scheduling methods with the goal of
improving clinic accessibility and efficiency. Cayirli and Veral™ provided an extensive literature review with eighty
papers in 2003. Since 2003, more than 300 papers cited the literature review paper of Cayirli and Veral*®, showing
the significant growth of research on appointment scheduling. Existing studies consider appointment scheduling in
different settings including primary care, specialty care and surgical departments. Most of the appointment
scheduling studies focus on single stage, single resource environments (i.e. primary care or specialty care where
only doctor appointments are considered). Earlier analytical studies used queuing theory and mathematical
programming methods with simplifying assumptions to determine appointment schedules™. Most of the analytical
studies could not be validated in real environments due to unrealistic assumptions. Simulation studies included
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complex environmental factors such as unpunctuality, no-shows, walk-ins, etc. to find the best appointment
scheduling rule. However, these studies were not easily implementable in other environments due to extensive data
collection requirements. In recent years, analytical studies made more realistic assumptions including no-shows,
cancellations, walk-ins, different patient types, priorities, and preferences. However, these advanced scheduling
methods are rarely applied in clinical practice. In response to this gap, we sought to develop a simulation based tool
that can be used in clinics to determine the best scheduling policy tailored to their patient population needs.

Over the past two decades, modeling and simulation have come of age as tools to help teams and managers support
different cognitive and group processes. Simulation has been widely used in modeling health care systems in severa
settings, including outpatient departments.* Most health care simulation applications in the literature aim to provide
better operational decision-making and planning tools.™ ** Simulation studies that model outpatient clinics focus on
scheduling and capacity planning. Most of the studies model patient flow within the clinic and analyze the impact of
scheduling methods on in-clinic patient waiting times and provider idle times.”® However, the waiting time for an
appointment (time between the time appointment is scheduled and actual appointment time) is also very important
for clinics aiming to provide timely access to care.’® *® In this study, we focus on scheduling practices that directly
accommodate the needs of patients while still meeting the efficiency needs of the CHCs and providers. We use
agent-based simulation to model the care delivery system to incorporate population characteristics, care needs
(demand), and common services provided within the health care system.”

Methods

We use simulation modeling, an operations research method, to model the scheduling process for provider
appointments in CHCs. Rapid ethnography and observations are the key approaches used to understand the
scheduling process and collect data for the simulation model. Rapid ethnography is a collection of methods used to
understand the activities of users given significant time pressures and limited time in the field. The core elements of
rapid ethnography include limiting or constraining the research focus and scope, using key informants, capturing
rich field data by using multiple observers and interactive observation techniques, and collaborative qualitative data
analysis."® For rapid ethnography and observations, we identify key informants including: 1) call center (or
telephone room) and front office personnel as they relate to patient contact and scheduling, 2) enroliment specialists
as they relate to new patients, 3) triage nurses as they relate to scheduling of acute appointments, and 4) quality
assurance/information technology (QA/IT) personnel as they relate to the retrieval of appointment scheduling and
provider capacity data. A team of two project members conducted interviews and obtained workflow summaries,
policies, procedures, and artifacts used in the clinics. Based on the interviews performed, workflow diagrams are
developed and then verified by the key informants. The simulation model is used to identify the impact of different
scheduling and resource allocation strategies on key performance measures such as patient waiting times, provider
productivity, patient no-shows, and continuity of care. The modeling tool is designed to be flexible so that it can be
used by several clinics. The flexibility is achieved using input data files and graphical user interface. The inputs to
the simulation model are:

- Provider capacity (capacity allocated for walk-ins, acute, non-acute and follow-up appointments)
- Patient population characteristics (age, gender, insurance, health status)

- Patient demand for care (demand for acute, non-acute and follow-up appointments)

- Scheduling method (traditional scheduling with triage appointments and open access scheduling)
- Scheduling horizon for each appointment type (acute, non-acute, follow-up)

- Maximum panel size for each provider

A data collection tool is developed to collect provider capacity, patient population characteristics, patient demand,
no-show and cancellation data. The required variables are determined together with the QA/IT personnel, who
retrieved the data from the electronic medical record system and sent the data for further analysis. The patient
population characteristics including age, gender, insurance, and health status are provided as percentages with
respect to the total number of patients. The provider template schedules are used to fill out the provider capacity
data. The average number of annual visits per patient, no-shows and cancellations are calculated according to the
appointment scheduling data provided by the QA/IT person. The data analysis results are discussed with the QA/IT
personnel, COO and CEO of each clinic to validate the input data for the simulation model.

Figure 1 shows the general structure of the simulation model where the simulation model is initialized with clinic
specific data (i.e. provider capacity and patient population characteristics), patient demand for care is generated
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based on care needs of the patient population, and appointments are scheduled according to provider availability,
capacity allocated for each appointment type, and appointment scheduling method.

Initialization of the simulation model with clinic specific data

; Step 1: Read provider data

eProvider names

e Patient groups seen by
each provider

* Appointment types

¢ Appointment durations
e # of clinic hours per day
e # of walk-in hours

e # of hours allocated for
acute appointments

e Maximum # of

appointments of each type
that can be scheduled on a

given day

Appointment scheduling according to patient types and appointment requests

‘ Step 4: Generate

appointment requests

*New patients (enrollment
appointment)

*New prenatal patients
(prenatal registration
appointment)

¢ Established prenatal
patients (prenatal initial
and recheck
appointments)

¢ Established patients
(acute appointments with
PCP or another provider,
non-acute appointments
with the PCP and follow-
up appointments)

Figure 1. Simulation model

»

: Step 2: Read patient

population characteristics

eGender

*Age

elnsurance

¢ Chronic conditions

*Pregnant or not

¢ Average # of routine visits
per patient per year for
each patient group

¢ Average # of appointment

requests per patient per

year for each age group

¢Enrollment appointments
(find the first available
appointment with the
enrollment specialist)

¢ Acute appointments (find
the first available
appointment with any
provider)

*Non-acute appointments
(find the first available
appointment with PCP)

¢ Follow-up appointments
(find the first available
appointment after the
recommended time)

Step 3: Generate initial

patient population

*Generate all established
patients

eRandomly generate
patient characteristics
(age, gender, insurance,
chronic condition if any,
pregnant or not)

* Assign each patient to a

primary care provider

Step 6: Cancellations / no-
shows / arrivals

¢ Cancellations occur before
appointment date
*No-shows occur on the
appointment day
*When patients arrive,
follow-up appointments
might be scheduled based
on patient's age and
health condition
o Well-child visits
¢ Chronic conditions
e Prenatal visits
¢ Preventive visits
*Recheck

The simulation model starts with reading the provider and patient population data from an Excel file (Steps 1 and 2)
and generating the initial patient population based on the number of unique patients served by the clinic (Step 3).
Age, gender, insurance, and health condition (pregnancy and chronic condition) of each patient is generated based
on patient demographics data. Each patient is assigned to a primary care provider based on available provider
capacity and maximum panel size. The next step is generating the appointment requests for each patient (Step 4).
We divided the patients into four groups based on their needs for different appointment types and resources. Once an
appointment is requested, the appointment type (i.e. new, acute, routine, complex, well-child, newborn, etc.) is
determined and scheduled according to patient type, resource availability, type of appointment request, and the
scheduling policy used in the clinic (i.e. traditional approach with triage appointments, open-access scheduling)
(Step 5). We included cancellations, arrivals and no-shows in our simulation model to calculate the access,
operational, and quality measures (Step 6).
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Initialization of the simulation model with clinic specific data

Step 1: The provider data required for the simulation model includes provider names, patient groups seen by each
provider (i.e. pediatrics, adult, family medicine, women), number of working hours per day, number of hours
allocated for acute/same-day appointments, appointment durations, and maximum number of appointments that can
be scheduled. The providers allocate different durations for different types of appointments. For example, a provider
might allocate 30-minute appointments for new and chronic patients, and 15-minute appointments for acute patients.
The providers might have a different working schedule during the week. There might be restrictions on the number
of appointments that can be scheduled on a given day (i.e. only two new patient appointments per day). An Excel
file is prepared with the required information and the QA/IT person filled out that information by using the
providers template schedules. Tables 1 and 2 show sample provider data.

Table 1 — Appointment types and durations in minutes for each provider (sample data — does not include all possible
appointment types)

Provider no | Providers | Patient group New | Acute | Physical | Chronic/ | Well-child | Routine
complex
1 MD1 Pediatrics 15 15 0 15 15 15
2 MD2 Adult 15 15 15 30 15
3 NP2 Adult 30 30 15 30 15
4 MD3 Women 45 30 45 45 30
5 NP2 Family medicine | 30 15 30 30 30 30
6 MD4 Family medicine | 30 15 15 30 15 15

Table 2 — Available provider capacity, number of hours allocated for same-day appointments, and maximum
number of appointments of each type that can be scheduled on a given day (sample data — does not include all
possibl e appointment types)

Number | NUmber of | Maximum number of appointments that
Number| Number hours can be scheduled
. L of hours
Providers| Day |of clinic| of walk- allocated allocated
hours | in hours | /" ol formon-— 1 Ny | Acute |Well child| Routine
acute
MD1 Mon 7 4 3 2 11
MD1 Wed 7 2 5 2 11
MD1 Thu 7 4 3 2 11
MD1 Fri 7 2 5 2 11
MD?2 Mon 7 2 5
MD?2 Tue 7 1 6
MD?2 Wed 7 1 6
MD?2 Thu 7 1 6
MD?2 Fri 7 2 5

Steps 2-3: In operations research literature, ssmulation models, which consider modeling of care processes, patient
flows and available resources, use historical data to express the demand in terms of a probability distribution
function of the quantity or arrival time. In economic studies, which aim to evaluate the economic impact of diseases
and health policies, demand is expressed as a function of prices, supplies, age, education, etc.’*?* As Charfeddine
and Montreuil? mentioned, demand for healthcare can be expressed in a better way through stochastic modeling of
disease progression of each person in a patient population. Even though clinical studies model the disease
progression and health status, their focus is to analyze the impact of medical interventions rather than determining
the demand®. Healthcare demand is a function of multiple factors such as population characteristics, patient health
status, treatment guidelines, adherence behavior, etc. We assume age, gender, insurance, and patient’s condition
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(chronic conditions, pregnancy) are predictors of number of visits. For example, the frequency and number of well-
child visits change according to the age of patient. The frequency of prenatal visits change according to the stage of
pregnancy. The number of routine visits change according to the health status of patients with chronic conditions.
Agent-based simulation models can incorporate all these factors using agents (patient, provider, scheduler, etc.) to
provide more realistic estimates of the care needs (e.g., regular provider visits, acute care visits). In the simulation
model, we represent each patient as an agent. The simulation model generates the initial set of established patients at
the initialization phase. The number of established patients is equal to the unique patients seen in the clinic in one
year. The characteristics of each patient are generated based on initial patient demographics data. When the initial
patient population is generated, each patient is assigned to a primary care provider (PCP).

Appointment scheduling according to patient types and appointment requests

Step 4: We divided patients into four groups according to two factors (new or established, and prenatal or not) due to
the need for different appointment types and resources as shown in Figure 1. Once an appointment is requested, the
appointment type (i.e. new, acute, routine, complex, well-child, newborn, etc.) is determined and scheduled
according to resource availability, type of appointment reguest, and the scheduling policy used in the clinic. Figure 2
shows the overall summary of the scheduling process based on appointment types. This flowchart is prepared based
on the workflow diagrams developed for the scheduling process through the key informant interviews.

Q
Patient flow - scheduling

\ R Schedule an
) 1 appointment
[ Patient .cal\s foran | New patient
‘\appolntment/ ¢
<> Patient information: —
Gender, age, > > Triage nurse —b@

insurance, language, type? policy
new/established Established patient
Acute

Request for follow- chhedu\e a(:m
i pp -

P appointment Established patient )
- Routine

v

Chronic

Well-child

Physical
atient walks-in for @
being seen by a >

provider

Walk-ins

accepted? YES—P>  See the patient

Ask patient to come
5| totheclinicfor | | >
verification of
Prenatal patient pregnanc:

Schedule prenatal
registration Schedule an
appointment appointment

- Scheduling > Schedule an

<~)_ policy appointment
1 Sick child

e ()
Well woman exam

Schedule enrollment o Schedule an
Adult with chronic illness appointment appointment
Or Child

Call center / front desk

h 4

FIND AN AVAILABLE SLOT ON THE SAME DAY
OR OVERBOOK ON THE SAME DAY

OR FIND AN AVAILABLE SLOT ON ANOTHER DAY, Schedule the
appointment

.

ASK PATIENT TO COME IN DURING WALK-IN HOURS

OR ASK PATIENT TO WALK-IN AT ANY TIME FOR A NURSE VISIT
OR ASK PATIENT TO CALL NEXT DAY Do not schedule an
OR ASK PATIENT TO GO TO EMERGENCY DEPARTMENT appointment
OR GIVE HOME CARE ADVICE

Figure 2 — Flowchart scheduling process according to appointment type and scheduling method.

Step 5: In the simulation model, we considered two types of scheduling methods (traditional scheduling with triage
appointments, and open access scheduling). New patients should be scheduled for an enrollment appointment before
an appointment can be scheduled with a provider. In traditional scheduling, acute appointments are scheduled on the
same day or afew days in advance of triage appointment slots. Non-acute appointments and follow-up appointments
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are scheduled to other slots several days in advance. In open access scheduling, most of the appointment slots are
open for acute and non-acute appointments and can only be scheduled on the same day (or within a few days in
advance). Follow-up appointments can be scheduled several days in advance, but the slots allocated for these
appointments are limited. We used different objectives for scheduling of acute, non-acute and follow-up
appointments. For acute appointments, our main objective was to minimize patient waiting time. Therefore, the
available slots of PCP and other providers are searched to find an appointment time as soon as possible. For non-
acute appointments, we sought to maximize continuity of care and minimize patient waiting time. Therefore, we first
searched the PCP schedule and then other providers' schedules to find an available slot with a reasonable waiting
time. For follow-up appointments, we maximized continuity of care by scheduling the appointment with the PCP.

Step 6: We included cancellations, arrivals and no-shows in our simulation model to determine the actual number of
visits. Based on our prior research and existing literature’® 2* ° we assumed that the no-show probability is a
function of age, insurance, lead time and patient’s previous no-show behavior. In the simulation model, we used the
regression equation that is determined based on clinic data to calculate the no-show probabilities. We would like to
note that even though age, insurance and previous attendance rates cannot be controlled, they can be used to
determine the no-show rate for each individual patient. The lead time can be controlled by changing the scheduling
horizon (threshold for lead time) for each type of appointment. In our simulation model, scheduling horizon was an
input parameter that could be controlled by the user or that determined by the model to minimize no-show rates and
maximize continuity of care.

Results

We collected data from the clinics to validate the simulation model based on current practice in the clinics. Since an
agent-based simulation model is used with several assumptions related to estimation of no-shows and cancellations,
the validation of the input data is important. We compared the number of appointment requests, no-shows,
cancellations, and provider utilizations of the simulation model with actual data to make sure that the demand was
generated correctly. The simulation model was able to generate appointment requests, no-shows, cancellations and
number of visits that were close to the observed data. For example, the average number of visits per week was 573
for the 2-week data provided by one clinic and the simulation model generated an average of 557 visits per week
over a 5-year simulation run. The waiting times, percentage of appointments with the PCP, and no-show rates are
used as performance measures since they are related to access and continuity of care. Table 3 shows a sample
comparison between two scheduling methods. The waiting times for appointments are reduced in open access
scheduling. The continuity of care did not change much. The no-show rates are reduced for non-acute appointments
due to lower waiting times.

Table 3 — Comparison of traditional and open access scheduling methods

Performance measure Traditional scheduling with triage | Open access scheduling
appointments Planning horizon: (2,5,180)
Planning horizon: (30, 90, 180)

Waiting time for acute Average: 0.5 day Average: 0.8 day

appointments Std. dev.: 0.8 day Std. dev.: 0.4 day

Waiting time for non-acute Average: 51 days Average: 0.8 day

appointments Std. dev.: 38 days Std. dev.: 0.4 day

Waiting time for follow-up Average: 48 days Average: 1 day

appointments Std. dev.: 25 days Std. dev.: 1.2 days

Continuity of care (non-acute) 66% 65%

Continuity of care (acute) 57% 60%

No-show percentage (non-acute 23% 10%

and follow-up)

No-show percentage (acute) 10% 9.6%

In this study, we could not perform statistical analysis for comparing and validating the simulation model, because
the real data was not available for a longer time period. However, we are planning to address this issue in the
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continuation of this project, which includes collection of 2-year appointment data from the clinics. We are also
planning to use expert opinion for the validation of the simulation results.

Limitations

The proposed simulation model is developed based on current practice in two clinics that use traditional scheduling
method. When open access scheduling is chosen, the simulation model reduces the no-show rates due to shorter
waiting times. But the simulation model assumes that the patients will continue requesting appointments at the same
rate. That is why more visits are scheduled and more arrivals occur when open access scheduling method is used.
We believe the behavior of providers and patients will change when open access scheduling is implemented. For
example, the providers may not ask the patient to schedule a follow-up appointment after the clinic visit unless it is
really necessary. Due to limited number of follow-up appointment slots, the provider might ask the patient to come
for a visit in 3-months. But the patient might forget to call to make the next appointment when 3-months pass. These
two factors would reduce the number of appointment requests unless the clinics do not implement other
interventions such as using provider and patient reminders to schedule the next appointment when the appropriate
time comes. Currently, the simulation model does not incorporate these possible changes in behavior. As we develop
this model further, we will work with clinics that implemented open access scheduling to be able to include the
change in demand.

Next Steps

We are building upon this work with funding from Patient-Centered Outcomes Research Institute (PCORI). We will
work with seven CHCs in Indiana to incorporate patients' perspectives to improve access to care for underserved
populations. We will conduct rapid ethnography and workflow observation and modeling to identify the current
barriers to access and use quantitative approaches to predict no-shows and determine the best scheduling policies
that are determined based on patient population characteristics and available provider capacity. In that 3-year
project, we will work with the clinics and further develop the proposed simulation model to include workflow and
use the model and expert and patient panels to optimally determine the patient-centered interventions tailored for
each clinic’s patient population.

Conclusions

We used agent-based simulation to model the patient flow and appointment scheduling process in community health
centers. The simulation model was designed to be flexible in terms of usability by different clinics. The inputs are
entered through Excel files or graphical user interface, which makes the model useful for any clinic. This paper
demonstrates the value of simulation models to test a variety of alternative strategies to improve access to care
through scheduling.

Acknowledgments

This project was funded by MDwise, an Indiana not-for-profit health insurance company. We greatly appreciate our
partnerships with CHCs, their management, staff, providers and patients in conducting this research. We also would
like to acknowledge the funding received from Patient-Centered Outcomes Research Institute (PCORI) to develop
patient-centered approaches to improve access to care for underserved populations.

References

1. Coleman K, Phillips K. Providing underserved patients with medical homes: assessing the readiness of

safety-net health centers. Issue Brief (Commonw Fund). 2010 May;85:1-14.

Patient Protection and Affordable Care Act. Pub. L. No. 111-148, 82702, 124 Stat. 119, 318-319 2010.

3. Comino EJ, Davies GP, Krastev Y, Haas M, Christl B, Furler J, et al. A systematic review of interventions
to enhance access to best practice primary health care for chronic disease management, prevention and
episodic care. BMC Health Serv Res. 2012 Nov 21;12(1):415.

4. Subramanian U, Ackermann RT, Brizendine EJ, Saha C, Rosenman MB, Willis DR, et al. Effect of
advanced access scheduling on processes and intermediate outcomes of diabetes care and utilization. J Gen
Intern Med. 2009 Mar;24(3):327-33.

5. O'Cathain A, Knowles E, Munro J, Nicholl J. Exploring the effect of changes to service provision on the
use of unscheduled care in England: population surveys. BMC Health Serv Res. 2007;7:61.

N

1132



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22,

23.

24,

25.

Dunt D, Day S, van Dort P. After Hours: Primary Medical Care Trials National Evaluation Report.
Canberra, Australia: Commonwealth Australia, 2002.

Kullgren JT, McLaughlin CG, Mitra N, Armstrong K. Nonfinancial barriers and access to care for U.S.
adults. Health Serv Res. 2012 Feb;47(1 Pt 2):462-85.

Kullgren JT, McLaughlin CG. Beyond affordability: the impact of nonfinancial barriers on access for
uninsured adults in three diverse communities. J Community Health. 2010 Jun;35(3):240-8.

Carret ML, Fassa AC, Domingues MR. Inappropriate use of emergency services: a systematic review of
prevalence and associated factors. Cad Saude Publica. 2009;25(1):7-28.

Rose KD, Ross JS, Horwitz LI. Advanced access scheduling outcomes: a systematic review. Arch Intern
Med. 2011 Jul 11;171(13):1150-9.

Qu X, Rardin RL, Williams JAS, Willis DR. Matching daily healthcare provider capacity to demand in
advanced access scheduling systems. European Journal of Operational Research. 2007;183(2):812-26.
Turkcan A, Nuti L, Delaurentis P-C, Tian Z, Daggy J, Zhang L, et al. No-show modeling for adult
ambulatory clinics. In: Denton B, editor. Healthcare Operations Management: A Handbook of Methods and
Applications: Springer; 2013.

Cayirli T, Veral E. Outpatient scheduling in health care: a review of literature. Production and Operations
Management. 2003;12(4):519-49.

Thorwarth M, Arisha A. Application of discrete-event simulation in health care: A review. 2010.

Fone D, Hollinghurst S, Temple M, Round A, Lester N, Weightman A, et al. Systematic review of the use
and value of computer simulation modelling in population health and health care delivery. J Public Health
Med. 2003 Dec;25(4):325-35.

Gunal MM, Pidd M. Discrete event simulation for performance modelling in health care: a review of the
literature. Journal of Simulation. 2010;4:42-51.

Laffel G, Blumenthal D. The case for using industrial quality management science in health care
organizations. Journal of American Medical Association. 1989;262(20):2689-873.

Millen DR. Rapid Ethnography: Time Deepening Strategies for HCI Field Research. In: Boyarski D,
Kellogg WA, editors. Proceedings of the 3rd Conference on Designing Interactive Systems: Processes,
Practices, Methods, and Techniques. New York: ACM; 2000. p. 280-6.

Borg S, Ericsson A, Wedzicha J, Gulsvik A, Lundback B, Donaldson GC, et al. A computer simulation
model of the natural history and economic impact of chronic obstructive pulmonary disease. Value Health.
2004 Mar-Apr;7(2):153-67.

Hoogendoorn M, Rutten-van Molken MP, Hoogenveen RT, van Genugten ML, Buist AS, Wouters EF, et
al. A dynamic population model of disease progression in COPD. Eur Respir J. 2005 Aug;26(2):223-33.
Rutten-van Molken M, Lee TA. Economic modeling in chronic obstructive pulmonary disease. Proc Am
Thorac Soc. 2006 Sep;3(7):630-4.

Charfeddine M, Montreuil B, editors. Integrated agent-oriented modeling and simulation of popula- tion
and healthcare delivery network: Application to COPD chronic disease in a Canadian region. Proceedings
of the 2010 Winter Simulation Conference; 2010.

Dev P, Heinrichs WL, Youngblood P, Kung S, Cheng R, Kusumoto L, et al. Virtual patient model for
multi-person virtual medical environments. AMIA Annu Symp Proc. 2007:181-5.

Daggy J, Lawley MA, Willis DR, Thayer D, Suelzer C, DeLaurentis P-C, et al. Using no-show modeling to
improve clinic performance. Health Informatics Journal. 2010;16(4):246-59.

Norris JB, Kumar C, Chand S, Moskowitz H, Shade SA, Willis DR. An empirical investigation into factors
affecting patient cancellations and no-shows at outpatient clinics. Decision Support Systems. 2014;57:428-
43.

1133



	Patient-centered appointment scheduling using agent-based simulation.
	Recommended Citation

	amia-2014-CHCsimulation-revision-080414

