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Objectives: Tapering prescription opioid pain medication through evidence-
based guidelines can help in combating the opioid epidemic. Integrating
clinical decision support (CDS) into the clinical workflow of tapering can help
in translating guidelines to formulate and implement a tapering plan that
manages pain symptoms while minimizing withdrawal, and optimally engages
with the patient. The purpose of our project was to develop patient- and
clinician-facing CDS in the area of chronic pain management in one
integrated application (app) called Tapering And Patient Reporting outcomes
for Chronic Pain Management (TAPR-CPM) App.

Methods: We leveraged human factors methodologies and a user-centered
design (UCD) approach through guideline review, stakeholder interviews,
ethnographic workflow analysis, process mapping, design workshops, and
usability testing. Participants included patients with chronic noncancer pain,
their family members, pain management physicians, primary care physicians,
and health IT developers who focus on patient- and provider-facing technologies.
Results: Based on interview findings and workflow analysis, the provider-facing
app had five sections: Patient Context, Taper Settings, Create Taper Plan,
Withdrawal and Non-opioid Pain Plan, and Summary Dashboard. The patient-
facing app had three sections: Maintaining a Pain Journal, Sharing Pain Scores
with Provider, and Connecting to Resources about Opioid Tapering.
Conclusions: This project leveraged a multi-method approach based in human
factors and UCD to develop the TAPR-CPM app. Engaging with a diverse set of
stakeholders including patients, caregivers, primary care providers, pain
specialists, and health information technology developers was critical to
develop a user-friendly experience with accessible technology to support
patient engagement and provider decision-making.
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human factors engineering (HFE), chronic pain, opioid tapering, user-center design,
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1 Introduction

Chronic pain treatment and management requires innovative
patient engagement and healthcare system strategies to inform
decision making for both patients and clinicians. Chronic pain is
a multidimensional health condition defined as pain persisting or
recurring for more than three to six months (1). While the true
prevalence of Americans living with chronic pain is difficult to
define, as of 2021, an estimated 20.9% of US adults experienced
chronic pain, translating to 51.6 million people and 6.9%
(17.1 million) experienced high-impact chronic pain (ie., pain
that results in substantial restriction to daily activities) (2).
Chronic pain complaints are the second most common reason
primary visits  (3).
management of pain—including opioid analgesics—is often a

for outpatient care Pharmacological
first line of defense for many clinicians (4). Despite inadequate
evidence of long-term benefit, 3%-4% of US adults report
long-term use of opioid medications (5). Given the prevalence of
opioid prescriptions more broadly, the treatment and clinical
management of chronic pain is among the most vexing
challenges currently facing primary care providers (PCPs) (6).
Prescription opioid pain medication overuse, misuse, and abuse
have been significant contributing factors in the opioid epidemic.
Healthcare systems are moving towards optimizing pain therapy
through opioid-dose reductions, (i.e., opioid tapering). However,
implementing opioid tapering is exacerbated by sociotechnical
challenges including a limited number of pain specialist
physicians and patient pessimism about non-opioid treatments
for pain and fear of opioid withdrawal (7, 8). Although PCPs
provide healthcare

management, they report a number of challenges: minimal

much of the systems chronic pain
training in pain treatment and management, a lack of resources
to support opioid tapering decisions, practical time constraints to
address optimization of pain therapy in a routine visit, and
maintaining the provider-patient relationship through challenging
communications characterized by highlighting the importance of
tapering and managing patient fears of being abandoned by
providers during the taper (9-12). The science of human factors
engineering and user-centered design can help address these
unique challenges faced by providers and patients to design
user-friendly solutions to support opioid tapering for chronic
pain management.

One potential solution is the use of clinical decision support
(CDS) to enhance health-related decisions, action, and outcomes.
CDS strategies enabled by modern health information technology
(health IT) offer more targeted opportunities to provide
information when, where, and how it is needed to optimize
patient and care decisions, actions, and partnerships. CDS also
provides the opportunity to capture patient perceptions about
outcomes meaningful to them such as level of functioning with
pain, quality of life, and satisfaction with the care team and
treatment, i.e., patient-reported outcomes (PROs) (13-16). Given
the dangers of opioid medications as first-line treatment for
chronic pain, the need for such measures is especially imperative.
Consequently, national guidelines and experts have called for the
assessment of pain-related functioning in addition to pain
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whether
sufficiently to merit the use of opioid treatment or whether lower

intensity to determine patients are benefitting
doses of medication and/or nonpharmacological treatment
options should be prioritized (17-19). Despite the recognition of
the potential benefits of using functional pain-related PROs, their
systematic use in everyday clinical care is rare.

Designing a CDS system tailored for patients undergoing
opioid tapering for chronic pain necessitates a rigorous human
factors engineering approach. This methodology is crucial as it
emphasizes the integration of human capabilities, limitations, and
preferences into the system’s design and development. By
focusing on human factors science encompassing the concepts of
cognitive processes, usability, and user-centered design principles,
the CDS can effectively support patients in navigating the
complex and often challenging opioid tapering process (20).
Understanding user needs and behaviors ensures that the system
enhances patient engagement, promotes adherence to tapering
protocols, and ultimately improves clinical outcomes while
minimizing the risk of opioid misuse or relapse (21, 22). Thus,
applying human factors engineering to the design is essential for
creating a supportive, intuitive, and safe tool that optimally
serves patients.

The objective of this paper is to describe the user-centered
design (UCD) approach involved in developing and informing
the implementation of a CDS system for chronic pain
management with two components: patient-facing CDS and
clinician-facing CDS in one integrated application (app) called:
Tapering And Patient Reporting outcomes for Chronic Pain
(TAPR-CPM) App. Our tackled
technological and design components of health IT architecture
(e.g.
clinicians), workflow, and data integration. We describe a

Management approach

while understanding end-user needs patients and
“codesign” approach whereby we engaged true end users in the
development of the TAPR-CPM app. This approach is grounded
in the concept of co-production (23-25) informed by empirically
validated models supporting patient and clinician behavior
change (26) and effective approaches for translating evidence

into practice.

2 Methods
2.1 Study population and design
We leveraged human factors methodologies and a UCD

stakeholder
process

interviews,

mapping,
workshops, and usability testing. Stakeholder feedback was

approach through guideline review,
ethnographic workflow analysis, design
elicited at several stages throughout the knowledge discovery and
pre-implementation design phases of app development to capture
the needs of the intended end users, i.e., patients with chronic
pain, pain management physicians, and PCPs. The study was
approved by the MedStar Health Research Institute Institutional
Review Board.

Data collection efforts purposefully sampled a heterogenous

sample of participants. Participants included patients with
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chronic noncancer pain, their family members, pain management
physicians, primary care physicians, and health IT developers
who focus on patient- and provider-facing technologies. Some
participants contributed to a single activity; others participated in
multiple activities.

2.2 Data collection instruments and
procedures

2.2.1 Guideline review

We reviewed guidelines and best practices on tapering opioids
for chronic noncancer pain to inform the CDS. The search strategy
for guidelines relevant on opioid tapering was decided in
conjunction with clinical subject matter experts (SME), including
pain management specialists, psychiatrists, and primary care
physicians. Federal guidelines (e.g., from the Veterans Affairs/
U.S. Department of Defense, Centers for Disease Control and
Prevention, U.S. Department of Health and Human Services) and
peer-reviewed literature on opioid tapering were reviewed by
physicians for alignment with knowledge and practices about
tapering, guidance specificity and clarity, and gaps and
discrepancies between the guidelines (27-31). Concurrently, we
conducted a task analysis to organize the key tasks performed by
physicians during the process of opioid tapering, and analyzed
which key tasks and decisions were supported by the guidelines.
We validated the task analysis with clinical SMEs, including pain

management specialists, psychiatrists, and primary care physicians.

2.2.2 Semi-Structured interview
We developed five interview guides, one each for patients with
chronic pain and their caregivers, PCPs, pain specialist providers,

10.3389/frhs.2025.1474699

patient-facing health IT developers, and provider-facing health IT
developers. Figure 1 lists the interview topics for each participant
group. Remote interviews, lasting no more than an hour, were
skilled
Interviews

conducted by interviewers in human factors or

implementation  science. were audio recorded,

de-identified, and transcribed for analysis.

2.2.3 Workflow analysis

The goal of the workflow analysis was to understand how the
CDS tools will function under realistic care setting conditions
(e.g., variable workflows, high stress tasks, frequent missing data,
interruptive environments) and the effectiveness and usefulness
of tapering guideline recommendations. The workflow for
tapering opioid medication was constructed by collating findings
from interviews, guideline review, and electronic health record
(EHR) data (e.g., details around the specific medication type,
dose, and frequency). Workflow maps detailed cognitive tasks
involved in implementing opioid guidelines [e.g., calculating the
desired oral morphine milligram equivalent (MME)] for each
tapering period and visualizations to guide prescribing patterns
and patient-provider communication. The workflow maps were
presented to SMEs for input to inform app design for
usability testing.

2.2.4 Design workshops and usability testing
Interview findings and workflow analysis were used to inform
wireframes (i.e., two-dimensional illustrations of an app interface)
for the patient- and provider-facing app through design workshops
with a multidisciplinary team comprising clinical SMEs, human
factors engineers, and informaticians. Participants brainstormed
the content, design of app sections, and specific items for both
apps. Prototypes were revised and finalized through several

Primary Care Providers &
Pain Management Specialist

Patients & Caregivers

Patient- and Provider-Health
Information Technology Developer

( . Understanding pain Nature of pain, experiences h
Information symptoms, pain etiology, managing pain
Needs treatment
\ %
( Planning and implementing ~ Familiarity with opioid )
Tapering Opioid = tapering for opioid and non- tapering
Medication opioid medications
\ (@ /
( Tapering 5 Tec?m@og_v f.‘e:?tures to aid Te.chnolog_v use in tracking Bar.rier.s and strategies n 8
Technology x designing opioid tapers pain fiemgnmg, .de\'elopmg, and
Design F SAfires lTI implementing health IT tools
\_ for patients and providers )
FIGURE 1

Interview topics for healthcare providers, patients, caregivers, and patient- and provider-facing health information technology developers.
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rounds of design sessions and formally evaluated through two
rounds of usability testing. In Round 1, usability testing
participants were allowed to freely explore the interface; iterative
changes were made to address points of difficulty or confusion.
Round 2 usability testing asked participants to perform specific
tasks. Final changes to the interfaces addressed outstanding
issues and points of confusion. A trained usability specialist
conducted each session after completing a full verbal consent
process with the participant. The usability specialist was able to
give the participant navigation abilities, allowing them the ability
to click through the app prototype. For the provider-facing app,
use cases were designed with simulated patient data to simulate
differing complexity levels in terms of opioid medication type
(long- vs. short-acting opioids), patient history, and desired
tapering speed (standard, slower than usual, faster than usual).
For the patient-facing app, patients were asked to explore all
components of the app but were not asked to enter their
personal data into the app. For both provider and patient
usability testing, sessions were one-on-one, conducted remotely,
and lasted for approximately an hour.

2.3 Analysis

Sociotechnical systems theory was applied to summarize
findings from all primary (i.e., interviews, usability testing) and
secondary (guidelines review, workflow analysis) methods to
understand systems barriers and facilitators in addition to
specific design components. A sociotechnical system’s perspective

10.3389/frhs.2025.1474699

provides insights into external and internal organization systems
influences (e.g., social, technical, environmental factors). Raw
data from primary data collection methods (interview transcripts
and usability sessions) were analyzed using the grounded theory
approach to enable prioritizing participant narratives in guiding
key findings to shape app design (32). Data were analyzed by
identifying common themes across patient and provider groups.
Focused coding was used to organize and synthesize the initial
data. Once the data were coded, analysis was completed to
determine the most prominent themes in the context of the
interview questions and goals of the questions.

3 Results

Table 1 shows the details about participants at different stages
of the design.

3.1 Provider-facing app

Based on guideline review and the workflow analysis, we
identified three main tapering tasks for providers: identifying
candidates appropriate for opioid tapering, implementing the
tapering plan, and monitoring the safety of tapering. Provider
interviews and input from SMEs showed that identifying tapering
candidates was not challenging compared to the latter two tasks.

PCP 1: “Let me put it to you this way. I am aware of the CDC
mme (morphine milligram equivalent). I have this (patient I was)

TABLE 1 Demographics of stakeholders across five activities including guideline review, interviews, design workshops, usability testing, and

workflow analysis.

Demographics

Medical specialties: Pain management, palliative care, primary care

Education: MD (n = 3); PharmD (n=1)

Gender: Male (n =3); Female (n=1)

Age: 58-76 years old; mean 68.1

Race: Caucasian (n = 3); African American (n=1)

Education: High school to advanced degree

Age: 50-76 years, mean 66.5 years
Race: Caucasian (n = 3); African American (n=1)

Education: High school to advanced degree

Experience: 2-6 years health IT experience
Experience: 3-10 years health IT experience

Specialties: Human factors, emergency medicine, health IT developers, implementation scientists,

Race: Caucasian (n =4); African American (n=1)

Education: High school to advanced degree

Education: MD (n=9); PharmD (n=1)
Experience: 4-16 years, mean = 10.4 years

Specialties: Pharmacist (n = 1), Primary care (n = 8), pain management (n =1)

Specialties: Human factors, emergency medicine, pain management, health IT developers,

Method Stakeholder type n
Guideline Review Healthcare providers 6
Interviews Healthcare providers (Primary care) 4 Gender: Female (n=4)
Healthcare providers (Pain 4 Gender: Male (n=4)
management) Education: MD (n=4)
Experience: 13-21 years
Patients with chronic noncancer pain | 4
Caregivers of patients 4 Gender: Female (n=4)
Patient-facing health IT developers 4
Provider-facing health IT developers 4
Design Workshops | Research team (clinical and non-clinical | N/
members) A | nursing, patient advocates
Patient Usability Patients with chronic pain 5 Gender: Female (n =5)
Testing Age: 45-64 years
Provider Usability Healthcare providers 10
Testing
Workflow Analysis | Research team (clinical and non-clinical | N/
members) A
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telling you about that I'm (tapering) in the next few weeks (who) is
going to be unpleasant (and is on) about three times that (of the
CDC mme). There’s other people that are nowhere near that
number, and they need to be tapered. So I would say, no (I don’t
think there is a specific number of mmes that is a trigger for
opioid tapering)”.

Further, PCPs had low familiarity with information to plan a
taper, detailed steps outlined in opioid tapering guidelines about

recommended speeds of tapering, dosage reductions, and
implementing supportive therapies to manage withdrawal
and pain.

Interviewer: “So generally, if a patient tells you, “I'm ready to
taper my opioids”, what do you generally do with that patient?”

PCP 3: T don’t think a lot of people know exactly how to
taper ... what percentage to go down by over what amount of
time. I think that even more people have no idea of what
withdrawal medicines to use. So... because now I've read the
(CDC) guidelines that you sent me, I'm like, “Oh, well, now I
know what to do”. But ... before I read that, depending on if they
were only on short acting (medication) like Oxycodone ... say
they were taking like, five of Oxy four times a day. I might see if
I could ... get a couple of those to be half a pill, or, you know, be
like, “Okay ... take it three times a day, and then at night, just
take half a pill”.

On the other hand, pain specialist providers reported extensive
experience setting boundaries and expectations with patients prior
to beginning opioid therapy and in implementing and monitoring
the impact of opioid tapering on patients’ physical functioning
(e.g., pain intensity and interference with activities of daily
living) and mental health (e.g, depression) through PRO
measures. Based on information needs elicited from interviews
and the workflow analysis, we decided to focus the provider-
facing app to support PCPs in formulating and executing a
tapering plan and monitoring its impact on patients.

Through design workshops and usability testing, we prioritized
three main goals for the provider-facing app: (1) operationalize
technical guidelines for prescribing and tapering opioids for
chronic pain to address information gaps about tapering speed
and dose, (2) better monitor functional pain and opioid use
through PROs that include depression measures and incorporate
a range of alternative strategies for pain management, and (3)
visualize patient data. We synthesized these findings to create five
sections in the provider-facing app: Patient Context, Taper
Settings, Create Taper Plan, Withdrawal and Non-opioid Pain
Plan,
Dashboard is created after interaction with the first four sections
of the TAPR-CPM app (Figure 2). The sections of the TAPR-
CPM app are discussed below.

and Summary Dashboard. The Provider Summary

3.1.1 Patient context

Interviews with PCPs revealed a need for integrated
information pertinent to understanding the patient’s relevant
opioid medication management history.

PCP 2: “...The app would enable reviewing the prescription drug
monitoring program (PDMP) there as opposed to having clicked in
and clicking out. Maybe it could also connect to the patient’s pain
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contract and also the most recent drug screen? So that we have
one tab to go to to review everything to meet our requirements.
So, we’ve reviewed the PDMP. We reviewed the last pain contract.
“Oh, look. It’s been over a year. We should probably redo that
today”. And “Oh, they havent had a random urine screen in six
months. We’re going to do that today as well’.

PCP 4: “A dedicated section for, When was this person last
referred to physical therapy or orthopedic?” Maybe the date... Put
those pain management notes in one section. And then maybe,
their musculoskeletal MRIs or CTs in one place, because then you
could quickly see, “Okay, when’s the last time we did look at this
person’s neck or low back, or what have you?”

Based on these findings, we designed the Patient Context
section to provide an overview of pertinent patient clinical data
summary including, laboratory testing, medication lists and
integration of the PDMP.

3.1.2 Opioid tapering medication plan

Interviews with PCPs showed they desired support with
creating a tapering schedule based on morphine milligram
equivalents of all the medications that patient was on.

PCP 2: “Maybe, (what will) be helpful is what they’re currently
on in, like morphine equivalents. That would be easy if it
automatically calculated what’s in their med list and what their
daily ... morphine equivalents are. And then ... you could put in
what their decreased dose was and see how much they’re
decreasing every day. That would be nice. Or even to convert
between one medicine to another one. So, if you're going to be
going from a long acting (opioid medication) to a short acting
(opioid medication), to help convert your (morphine milligram)
equivalent there. That would be very helpful.

In addition, providers also asked for help in generating a
tapering schedule that providers could implement.

PCP 1: “I think it would be great if it generated an actual
(tapering) schedule. So somehow you put in what the patient’s on,
and hit a button, and this thing generates a schedule”.

Based on these findings, the Opioid Tapering Medication Plan
section is designed to support choosing the tapering plan in a
stepwise fashion. It presents providers with the patient’s current
list of opioids and aids in selecting the initial tapering plan and
calculating the oral MMEs. It also broadly presents options for
tapering speeds (standard, slower than usual, and faster than
usual tapers) as a starting point. Our workflow analysis found
that MME calculation was a cognitively complex task with high
potential for miscalculation error; therefore, we decided to
automate MME calculation.

3.1.3 Create taper plan

This section of the app enables specifying details about the
tapering plan selected in the previous screen. Providers wanted
the option to manually input varying tapering speeds and
compare tapering plans with different speeds.

PCP 3: “I'm just imagining it in my head, if there was almost an
option to change the percent to go down by per month or week, so
that I could see what the different... sort of see what that (i.e.,
different plans) would look like”.
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Taper App

Provider Summary

6/1/2020
**Reminder**
Medication on this plan peed to be ordered through
the Cerner ordering screen

The patient presented for opioid tapering.we will start 3 [4] week taper
starting on [6/8/2020) date.The patient will have 8 [10%)] reduction from
[165 MME] to (150 MME).

The patient will be ordered the following prescriptions:

For Pain
Qpioids

Qxysedons (R
Owycodone (R Jomg Jomg PO QAM
Ovycodone (R 40mg Jomg PO QAM

43y (60 MMD)
Joms (43 MAD

Oxysedone IR

Oxycodone IR Smg 1 Lab PO Q4 hours 30msg (43 MME)

Aceterninophen 650mg, 1 b PO QM
GadagentinV/pregabalion J00mg. Tad, FO Q8»

How to add this summary to clinical documentation
1. Highlight text to copy for your note
2. Navigate to Clinical Note or patient cisit summary and paste

Non-Pharmacologic Pain Management
. 2

Stretching
Phoysical Therapy

Rassice Qptions
Aluprentine
Massage Therapy

For Withdrawal
Medication
Clonddine

Ondasetron(Zofan)

Ressgr/Range
0.1:02mg ceal Q680

4emg PO Qb PRNsauses)

FIGURE 2

The TAPR-CPM provider summary allows providers a final check of the tapering plan and associated medications after using the app and provides
flexibility for the providers to incorporate the findings into the EHR as it aligns with their workflow.

Help & Guidelines

Patient Summary
6/1/2020

Your next appointment is scheduled for [6/20/2020)

have d

ided to ¢ch

You and your doct
plan.

ge your psin manag

Opioid medications for pain: Oxycodine ER Oxycodone IR
Non-opiold medications for pain: Aceteminophen.Gabapentin

Other methods for managing pain:Stretching Physical Therapy,
Acupunture, Massage Therapy

Teb 4 1

for y

P Ondansetron(Zofran),Clonidine

For more information for tapering medications and treating withdrawal
symtoms, go to this website *"URL™"

**Needs IRB approved text (To participate. please go to the spple/google
app store on your smartphone and download the taper CPM app to view
these instructions and more information about opicid tapering
management™*

Our workflow analysis revealed that dose modification involved
multiple steps which could result in high cognitive workload and
potential for error if providers had to perform these calculations
in conjunction with choosing the tapering speed. Therefore, to
avoid overwhelming providers with multiple decision points on a
single screen, we chose to separate these two tasks. The app first
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asks providers to choose the tapering speed. Then, the Create
Taper Plan section enables providers to modify specific details
about the opioid medications (e.g., long- vs. short-acting, dose,
frequency) to reach the target oral MME dose for the upcoming
taper period corresponding to the desired tapering speed chosen
on the previous section.
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3.1.4 Withdrawal and non-opioid pain plan

Many providers mentioned proactively managing expectations
about pain and treating withdrawal symptoms with a goal of
minimizing the impact of experiencing withdrawal on patients’ lives:

PCP 1: “So, I usually say at the outset, you know, “We’re gonna
learn to manage your pain. We’re not gonna make it away. There’s
no manage magic bullet here. It’s all about function.” Is that (pain)
also related to withdrawal symptoms? And ... that’s a big part of this
game, is having people know about withdrawal. Withdrawal is
incredibly ... painful, and it’s just...so uncomfortable. And so, a
lot of people, they just live in fear of withdrawing. Which I
understand, if they’re taking their meds, right? They can go to
work, they can take care of their kids, yeah, but if they go and
start having all that stuff (experiencing withdrawal symptoms),
they’re out, they can’t live their lives”.

PCP 3: “...Having...a good outline of those (withdrawal
medications) is really helpful”.

Provider and patient interviews helped us generate many
sources of non-opioid and non-pharmaceutical therapies to
manage pain (e.g., physical activities such as yoga, stretching,
physical therapy; non-traditional treatments such as acupuncture,
massage therapies).

PCP 1: “I absolutely suggest yoga. I suggest weight loss programs,
if I think that’s part of it”.

Pain Specialist 3: “Some combination of medications, physical
therapies ... I'll
sometimes, like acupuncture, chiropractic, different modalities, injections”.

Guideline review and SME inputs helped identify non-opioid

therapy,  psychological recommend  alternatives

therapies to manage pain (e.g., non-steroidal anti-inflammatory
drugs) and monitor their appropriateness through relevant lab
results (e.g., liver and/or kidney dysfunction), and medication to
manage withdrawal symptoms from long-term opioid therapy.

PCP 3: “I tend to lean pretty heavily on physical therapy,
NSAIDs and ice and heat and stretching and all that stuff’.

Based on these findings, the Withdrawal and Non-Opioid Pain
Plan section serves as a checklist of options to proactively treat
withdrawal and integrate the patient’s medication list and
laboratory testing that may impact the selection of certain
medications. Our goal was to facilitate clinician decision making
and prevent the clinician from having an error of omission by
forgetting to treat the patient’s pain or waiting for the patient to
go into withdrawal before prescribing appropriate medications.
All providers appreciated the holistic approach to opioid tapering
that concurrently addressed withdrawal symptoms and ongoing
pain experienced during opioid tapering.

3.1.5 Summary dashboard

This section ensures that clinicians can conduct a final review, catch
any potential errors, discuss and share the opioid tapering plan with the
patient before finalizing it, and integrate reports into the EHR.

3.1.6 PRO data

Provider interviews revealed the importance of evaluating
the impact of pain medication on pain levels and the
patient’s functioning.
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PCP 3: “I usually ask them, “How’s your pain been since I last
saw you? Would you say that it’s worse, better, about the same?” But
I usually ask them then to describe the pain again to me, and
depending on the type of pain, like things like headaches, Ill
usually help them quantify, like, “How many days a week did you
have the pain? How long did it last for?” And then ask them if
they’ve identified any, triggers or things that have helped”.

We used to these findings to design the PRO Data section. After
the initial visit, the PRO section provides a visualization of PROs
following the initial tapering period and app use, patient journal
data to provide additional context around the patient’s experience,
and a dedicated screen for medication plan to add structure for
creating the next taper interval. As a result of patient interaction
with the patient-facing app, subsequent clinical encounters could
leverage this data to inform decisions to optimize the tapering process.

3.2 Patient-facing app

Based on interviews, we identified that patients and their
caregivers perform substantial work to track details about their
pain and to communicate that information to providers.

Patient 3: “We use the calendar to track the day, the pain level,
what meds we take, and our activity”.

Patients also mentioned the mental toll of tapering in terms of
its impact of their functioning.

Patient 2: “After first starting that lower dose that I felt horrible.
I missed a lot of work, actually. So it has a huge impact on your
ability to function ... because my body was so used to it. And
whatever that part of the brain is that it’s the feeling of the drugs
was saying, “Hey, you’re not giving me what I really want.” And
it took a lot of mentally fighting that off to say, “No, what I really
want is to go down (reduce opioid dosage)”.

All patients actively engaged with their providers to discuss
pain, set goals, and current treatment options through a variety
of methods (e.g., phone, patient portal, email).

Patient 3: “If it hurt, I took something. If it didn’t hurt, I didn’t
take it. You know, it wasn’t like I have to have this (substance such
as alcohol, nicotine) to function, and never got into that. Still haven’t
and my doctor and I have worked pretty hard over the years to make
sure that [further increase of opioid dosage] didn’t happen”

Patients prioritized clear communication across multiple
members of their care team (e.g., primary care physician, pain
management specialist).

Patient 1: “If I experience paralyzing pain, I call the doctor, and
he will explain things to me about the pains and everything”.

Communication was particularly important during an active
taper to manage the patient’s experiences and unexpected physical
and mental effects of the taper. Therefore, through design
workshops, we prioritized three main goals for the patient-facing
app: (1) tracking information about pain symptoms, (2) sharing
relevant information with providers, and (3) getting connected to
resources to better understand the tapering journey. We synthesized
these findings to create three sections in the patient-facing app:
Maintaining a Pain Journal, Sharing Pain Scores with Provider, and
Connecting to Resources about Opioid Tapering (see Figure 3).
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Results

Pain Intensity
How strong your pain is

\ Moderate

Weekly Pain
Assessment

Your doctor would lie you to answer some
Questions about your pain.

Pain Interference
The amount your pain impacts your
dialy lfe.

Mild

It should take less than 2 minutes to
complete.

FIGURE 3

progress, and education resources.

Screenshots of the patient-facing TAPR-CPM app illustrate different components including weekly pain assessments, taper plan monitoring and

What to expect in your taper

Starting a taper can be hard. Below are a set
of physicians and someone who has gone
through the tapering process sharing
information on what to expect when you
begin tapering.

Ways to manage
) {

your pain.

be added you My Act
can track them in your Dady J

Physical Therapy
Watch two doctors understand the
difficulties of stopping opioids including
what the symptoms of withdrawal are and
their suggestions on the tapering journey.

This option has been show to
Physical therapy typically invoives

Remove from My Activities

[

3.2.1 Maintaining a pain journal

Many patients highlighted how pain levels vary over time,
sometimes in response to chronic conditions, emphasizing the
value of a journal to track daily changes and identify patterns
over time.

Patient 2: “Something in the app to track pain daily where it
would ask: “What’s your pain level now? What have you been
doing?” So that you can see that my pain level has grown by
doing these certain things, my pain level has decreased by doing
other certain things”.

Patient 3: “I got Lyme disease and everything changed. We’ve
been dealing with that nerve pain ever since. It’s really trying to
get back to that “before” state, or somewhere closer to that. You
never expect to go 100% back but you'd like to be able to do some
of the things you did”.

Provider interviews also revealed potential positive impacts of
pain tracking on patients.

Pain Specialist 3: “There’s probably a lot of potential there ... to
allow the patient to be tracking their progress also. So, seeing a trend
line for their morphine equivalents and their pain numbers,
especially if they’re both going in a good direction, could be really
interesting ... some kind of ... patient reassurances”.

Based on these findings, we designed the “Maintaining a
Pain Journal” section to enable patients to track their daily
record of pain localization on a visualization of the body
map tool, and understanding the pattern of their pain
symptoms over time, and track daily mood through emoji
sets, as well as daily activities.
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3.2.2 Sharing pain scores with provider

Patients discussed the importance of sharing contextual factors
influencing medication usage or pain levels.

Patient 2: “If one of the (transdermal) patches had actually
fallen off ... it just would let them know that’s why there was an
uptick in the oxycodone”.

Therefore, we designed the Sharing Pain Scores with Provider
section to enable patients to record their pain intensity and pain
interference scores on a pre-set day each week (e.g., Monday),
share their pain scores and symptoms with their physician, and
review their scores with the physician at their next visit.

3.2.3 Connecting to resources about opioid
tapering

Providers and patients revealed several resources that could help
patients during the taper process, including anticipating withdrawal
symptoms, and information to help with tapering doses.

Patient 2: “Seeing a psychologist or someone like that...adding
that person in to be able to talk to and have them give you
alternate suggestions (on how to manage pain without opioids). A
discussion board where you could post to your success, like, “Hey,
this worked for me.” Or, “I had this side effect.”

PCP 3: “I think patients tend to do better if ... they’re fully aware of
what to expect. And so, I can go through like, “Oh, these are the
symptoms of withdrawal”. But, you know, if I had a way to be more
specific ... usually, like, “X many hours from your last dose is when
you’re going to start feeling bad. Here’s usually how it starts ... things
will probably be worse at this point, and then things should start to
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get better”. If a patient has...a very clear understanding of the
trajectory, like, “Oh, 48 hours is when I'm going to feel the worst.
Things should be turning around. I can power through a little bit.”

Patient 3: “For me, because I like keeping track of when I can do
things just so I can have my own information. Like the fact that
when you’re sick like this, when you have chronic pain, looking
back at what you can do on certain times is like a reminder. Like
“Wait a minute, I've experienced this before. When was that?” Go
back through the notes. “Okay, this is what I was able to do that
time. Let me try and do that”. Because you forget that sometimes
you’re able to push through it and do certain things”.

Therefore the Connecting to Resources about Opioid Tapering
section was designed to provide resources to support patients
throughout the tapering journey. These resources include

10.3389/frhs.2025.1474699

understanding what to expect during an opioid taper in terms of
dose reductions and its effect on pain and other symptoms, ways
of managing pain and other symptoms during a taper,
experiences of other people with opioid tapering, and social
support resources that can be accessed to aid during the
tapering journey.

3.3 Workflow analysis

Patient and provider workflows for tapering opioids in
primary care settings were created for four high-level tasks:
pre-taper; initial visit; home experience, and follow-up visit.
Table 2 shows sub-tasks under each higher-level task. The

TABLE 2 Overall tapering workflow organized by activities of the patient, provider, TAPR-CPM app, and EHR workflow across the four stages of pre-
taper, initial taper visit, activities that occur outside of the clinic visit (‘home”), and follow-up visit.

Taper setting

Pre-taper
Self-assess willingness to taper
Self-educate (opioids, tapering)

Stakeholder
workflow .

Patient | »

Initial taper visit
Update history (medical, .
social) with provider

Follow-up visit
Update history (medical,
social) with provider

Explore the app (features, .
resources, data)

« Educate provider on history
(medical, social)

Commit to shared decision
making with the provider

Participate in plan
development (opioid tapering,
withdrawal symptoms
management, non—opioid
pain management)

Commit to open
communication regarding
taper success/challenges
Reconfirm commitment to
shared decision making with
provider

« Review prescribed plan .

development (opioid tapering,
withdrawal symptoms
management, non-opioid pain
management)

Continue commitment to
open communication
regarding taper success/
challenges

Participant in plan
modification (opioid tapering,
withdrawal symptoms
management, non-opioid pain
management)

Continue commitment to
open communication
regarding taper success/
challenges

Continue commitment to
shared decision making with

and Prescription Drug
Monitoring Program
[Chesapeake Regional
Information System for Patients,
or CRISP] data

medication, and CRISP data

provider
Provider | « Assess taper candidacy o Review patient history Review patients updated
o Educate patient (opioids, o Educate patient [e.g., through history
tapering) patient-reported outcome Review patients data (from
« Ensure open dialogue with measurement information app and patients verbal
patients about options for system (PROMIS), risks] updates)
tapering o Self-educate (tapering Update/prescribe/document
guidelines) Obtain patients plans (opioid tapering,
opioid history withdrawal symptoms
o Create/prescribe/document management, non-opioid pain
plans (opioid tapering, management)
withdrawal symptoms Continue commitment to
management, non-opioid patient/provider relationship
pain management)
o Reconfirm commitment to
patient/provider relationship
Tool « Provide education and Provide education and Provide education and
resource links resource links resource links
o Calculate taper Calculate taper Calculate taper
o Document and save entered Document and save entered Document and save entered
information information information
o Generate summary Generate summary Generate summary
documentation documentation documentation
o Generate data visualizations Generate data visualizations Generate data visualizations
EHR « Clinical documents, medication, | « Clinical documents, Clinical documents,

medication, and CRISP data
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workflow analyses identified several gaps between the ideal vs.

actual workflows (i.e., work as imagined vs. work as
performed). Providers must often go to different places on
the EHR to assess the patient’s candidacy for taper, gather
information to plan the taper, and review effectiveness of the
taper. Several findings from provider interviews re-surfaced
in workflow assessments: there tends to be a lack of support
for operationalizing evidence-based guidelines at the point of
care, resulting in sub-optimal taper plans, which fail to
consider recommended taper parameters and holistic
management of withdrawal and pain symptoms. There is also
a relative lack of standardized patient-friendly resources to
engage patients during opioid tapers and educate patients
about what to expect during opioid tapers. We designed our

apps to address many of these challenges.

3.4 Technical specifications

During the course of the design and implementation of the
apps, several key design decisions were made based on our user-
centered design approach. We included patient portal
authentication and designed a “lite” version of the app to test
pain tracking and optimize EHR workflow. The “lite” version
solution was designed for sites that could not accommodate an
embedded FHIR app within their EHR. This version used a
“hubless” application model (lack of data hub) that was
connected to the EHR and easily accessible without requiring the
provider to leave their current workflow. The elimination of the
data hub requirement reduced the technical requirements of the

application and expedited implementation.

3.4.1 Authentication of patient portal

Based on feedback from providers and health IT developers, the
research team decided early in the design process to leverage the
health system’s patient portal for authentication and secure data
transfer. The use of the patient portal allows the patient to use a
single set of credentials and reduce maintenance of a redundant
authentication strategy. Patient portal authentication does add
complexity for the patient if they do not already have a portal
account or do not have their login credentials easily accessible.

3.4.2 "Lite” app version for chronic pain tracking
A second design decision led to a streamlined “lite” version of
the app created to focus on pain tracking. The initial
implementation of the patient and provider app provided two-way
communication between the provider and patient, and the creation
of opioid tapering plans. Clinicians at later stages in the project
requested streamlined approaches to help track patients’ pain
experience before opioid tapering was initiated as well as a focus

on tapering calculations before providing two-way communication.

3.4.3 Optimizing for EHR workflow

Different EHRs provide clinicians the ability to document via
different pathways and in different locations. Guided by best
practices in human factors engineering, we decided that the
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content created by the provider app should be optimized to the
individual EHR to make sure it matches the provider’s workflow
in terms of size of text recommendations and formatting. For
example, copying and pasting large amounts of text into small
text entry boxes may reduce the opportunity for the clinician to
make modifications of the plan that is placed in the patient’s chart.

3.4.4 Design for safety

The clinical team provided input on the medications and
dosing that would be appropriate for tapering opioids. For
example, the app was limited to medications where conversion
factors were readily available with a maximum number of
opioids set to two (including only one long-acting opioid). Safety
guardrails prevented tapering in patients with more complex
medical histories or patients that may have duplicate or out of
date prescriptions in their record. Implementation teams may
decide to expand or reduce the number and types of opioids
allowed for tapering based on local prescribing practices.

4 Discussion

A human factors engineering, user-centered design approach
elicits feedback from stakeholders and provides an opportunity to
collaborate and co-design with representative end users as sessions
support creative thinking and the generation of ideas and solutions
(33). This research identified design features for the TAPR-CPM app
and facilitators and barriers for implementation of CDS to
streamline the delivery of care. The design of the provider-facing app
supported organization of EHR data that is likely to reduce the need
to “hunt and gather” (ie., identifying and reviewing multiple
individual tabs patient history,
diagnoses). Designing a solution that incorporates individual

including medications, and
components into a single app can allow providers to assess
candidacy, plan a taper, and assess the efficacy of a taper. Providing
support to operationalize tapering guidelines at the point of care, a
need elicited through PCP interviews, can encourage evidence-based
medicine by supporting the workflow of modifying the taper plan.
The design of the patient-facing app can support shared decision
making through patient-provider feedback (e.g, reporting taper
effects, resources related to chronic pain) and encourage patient
engagement by providing educational resources and an education
plan (e.g., resources related to tapering, what to expect, when to
contact your provider). Collectively, the design promises to facilitate
an effective patient-provider partnership during the opioid taper.
Lastly, TAPR-CPM app facilitates a holistic approach to tapering
that includes integration of standard patient-reported outcome
measures for patients to report pain symptoms between appointments.

Successful adoption of CDS requires careful consideration of the
knowledge driving the alert system (technical integration) and also
requires application of human factors principles to understand the
system (20, 34). There is substantial value in clinical, operational,
and technical understanding and validation of newly developed
CDS in the stages that occur prior to public release. Stakeholder
interviews ensured input from end users and perspective of
developers experienced in creating patient- and clinician-facing
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technologies was incorporated into the ultimate design.
A comprehensive evaluation of current state guideline

implementation with considerations of EHR use, clinical decision-
making, and shared decision-making was used to support
development of the implementation strategy. Workflow analysis
was used to evaluate the current state of primary care clinician-
patient interaction using an ethnographic approach to develop
site-specific process maps that identified the overall processes and
specific elements for CDS implementation. Usability testing
included a formative evaluation of preference and performance to
assess usability before going live and to allow time for iterative
changes. The application of these methods ensured inclusion of
stakeholder feedback, considerations of workflow, and review of
adherence to design principles.

Specifically, many existing CDS tools for chronic pain
management focus exclusively on either the clinician or patient
side of the equation (35). TAPR-CPM is distinct in its integration
of both patient-facing and clinician-facing components into one
application, allowing for a more cohesive approach to managing
chronic pain. Unlike other initiatives that focus primarily on static
educational content or decision aids for clinicians, TAPR-CPM
incorporates dynamic features informed by co-design with end
users. This approach has been seen in recent studies co-design
pain management programs with patients, underscoring the
importance of involving end users throughout the design process
(36, 37). This ensures that the app aligns with real-world
workflows and addresses both technological integration challenges
and behavioral factors affecting patient and clinician engagement.
Additionally, the app builds on validated behavior change models,
which is less commonly emphasized in comparable tools.

Opioid prescribing is a complex process that has additional
considerations when reducing patients’ prescriptions, and is not
completely solved by the TAPR-CPM app. The goal of the CDS
tool is to support clinical decision-making at the point of care,
leveraging the clinical expertise of the provider and the
perspective of the patient. Therefore, integrated components of
the solution like creating the taper plan (i.e., calculating doses
corresponding to tapering speed) only partially address the
tapering discussion. The technical solution does not directly
support ongoing patient fear of withdrawal or abandonment,
challenges that can only be addressed by improved patient-
provider communication (10). Consistent with interview findings
about desired support during the process of tapering rather than
identifying patients appropriate for tapering, the app does not
evaluate individual patients’ risk or suggests patients that should
be considered for enrollment

The patient-facing app was limited in its functionality given the
need to strike a careful balance in providing medication information
but not medical advice. The clinical teams expressed concern about
the need to modify and respond to patient-generated data in real-
time which presented workflow and legal challenges. Therefore,
patient facing materials included disclaimers on the intention of
the TAPR-CPM app. Because of technical
limitations, the app was not designed to write back directly to the

and protocol

EHR, but instead leveraged a data hub to collect provider
generated data, primarily the opioid tapering plan. Writing into
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the EHR is a long-standing challenge, particularly in medication
prescribing Fast Healthcare Interoperability Resources (FHIR)
applications which unintentionally bypass EHR vendor medication
safeguards. FHIR specifies standards for exchange of health data
between technical systems in healthcare (38). Addressing this
functionality was outside the scope of this project.

Our work also demonstrated the feasibility of designing a “lite”
version of the app, which requires fewer technical resources and
minimizes dependence on complex healthcare system
interoperability. This streamlined version could be particularly
suitable for deployment in lower-resource settings or healthcare
systems facing significant interoperability challenges. However,
while the technical feasibility of the lite version was established,
it was not tested with patients or providers. Future research
should explore patient and provider perspectives on the lite
version to assess its effectiveness in supporting opioid tapering,
identify any unique barriers or facilitators in its use, and
whether the approach

comparable outcomes to the fully integrated app. Such studies

determine simplified can achieve
will be essential to refine the lite version and expand its
applicability across diverse healthcare settings.

Our goal was to design the app iteratively with significant
stakeholder engagement and feedback at many timepoints, but
often the feedback was conflicting or introduced privacy, policy, or
legal challenges. For example, patient stakeholders requested
ongoing screening through the app for depression, but the app
was not designed to alert a provider to a medical emergency and
would introduce both technical (alerting) and legal liability issues.
Family members and caregivers of patients suggested the ability
for a secondary log-in to see the patient’s app input in order to
support their medical and emotional needs which would introduce
privacy challenges. We considered every stakeholders’ feedback to
guide app design and functionality but had to balance practical
challenges for the TAPR-CPM app implementation.

Our research also revealed healthcare system challenges that
could impact the successful adoption of the app. One notable
barrier is the complexity of patient portal authentication, which
may hinder access for patients unfamiliar with digital tools or
those experiencing technological barriers. Additionally, ensuring
consistent technical support and addressing variable digital
literacy levels across patient populations are critical for
widespread To address future

implementation efforts should prioritize proactive enrollment

adoption. these challenges,
strategies, such as assisting patients with portal registration
during clinical visits and offering automatic enrollment with
immediate access upon sign-up. Simplifying authentication
processes and providing tailored support could reduce delays,
improve usability, and promote equitable engagement.

5 Conclusions and next steps

The TAPR-CPM app was developed through a human factors,
user-centered design approach. Methodologies like stakeholder
interviews with patients, caregivers, providers, and developers; an
ethnographic

approach for workflow analysis and process
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mapping; design workshops with PCPs and pain specialists; and
usability testing support the design and development of to develop
a user-friendly experience with highly accessible technology that
met stakeholder workflow and decision-making needs. Our next
steps include wider scale implementation of the apps in a large
healthcare system by engaging with healthcare providers and
patients with chronic noncancer pain.
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