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Abstract

Introduction. Decision aids (DAs) are helpful instruments used to support shared decision making (SDM). Patients
with atrial fibrillation (AF) face complex decisions regarding stroke prevention strategies. While a few DAs have
been made for AF stroke prevention, an encounter DA (EDA) and patient DA (PDA) have not been created to be
used in conjunction with each other before. Design. Using iterative user-centered design, we developed 2 DAs for
anticoagulation choice and stroke prevention in AF. Prototypes were created, and we elicited feedback from patients
and experts via observations of encounters, usability testing, and semistructured interviews. Results. User testing was
done with 33 experts (in AF and SDM) and 51 patients from 6 institutions. The EDA and PDA underwent 1 and 4
major iterations, respectively. Major differences between the DAs included AF pathophysiology and a preparation
to meet with the clinician in the PDA as well as different language throughout. Content areas included personalized
stroke risk, differences between anticoagulants, and risks of bleeding. Based on user feedback, developers 1)
addressed feelings of isolation with AF, 2) improved navigation options, 3) modified content and flow for users new
to AF and those experienced with AF, 4) updated stroke risk pictographs, and 5) added structure to the preparation
for decision making in the PDA. Limitations. These DAs focus only on anticoagulation for stroke prevention and
are online, which may limit participation for those less comfortable with technology. Conclusions. Designing comple-
mentary DAs for use in tandem or separately is a new method to support SDM between patients and clinicians.
Extensive user testing is essential to creating high-quality tools that best meet the needs of those using them.

Highlights

� First-time complementary encounter and patient decision aids have been designed to work together or
separately.

� User feedback led to greater structure and different experiences for patients naı̈ve or experienced with
anticoagulants in patient decision aids.

� Online tools allow for easier dissemination, use in telehealth visits, and updating as new evidence comes out.
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Patient engagement has been an increasingly important
area of study to improve health outcomes. One mechan-
ism of increasing patient engagement is via shared deci-
sion making (SDM). SDM is a collaborative discussion
around complex decisions in health care, and evidence
demonstrates it improves adherence and patient satisfac-
tion.1–3 Decision aids (DAs) are instruments used to facil-
itate and improve SDM. DAs are classified into 2 types:
encounter decision aids (EDAs) and patient decisions
aids (PDAs). EDAs are used by a clinician and patient
collaboratively during a visit, whereas patients typically
review PDAs before their visit. DAs present balanced
descriptions of all choices for a patient in a situation,
including the choice of doing nothing. DAs have shown
an improvement in satisfaction with the decision-making
process, patient knowledge, communication, and partici-
pation in SDM.4

Atrial fibrillation (AF) is the most common sustained
cardiac arrhythmia globally, and it increases the risk of
cardioembolic stroke approximately 5-fold.5–8 AF-
related strokes are particularly likely to cause disability
or be fatal in comparison with other types of strokes.9,10

Anticoagulants such as warfarin and direct oral anticoa-
gulants have been shown to be effective in reducing the
risk of stroke.11–13 Anticoagulation is recommended
based on personalized risk stratification, as intervening
to reduce the risk of stroke is not without costs, harms
(including fatal and disabling bleeding), and burdens. As
the risk for stroke increases, the benefit of reducing this
risk becomes increasingly desirable to patients.14,15

However, many patients for whom an anticoagulant is
indicated either never start the anticoagulant or discon-
tinue it for several reasons, including risk for bleeding,
other perceived adverse effects, and concerns regarding
adherence.16–19

Recent guidelines recommend SDM as patients and
clinicians decide together on an AF treatment plan.20,21

While a few DAs have been created to aid in SDM
related to AF stroke prevention, there has yet to be cre-
ation of a complementary EDA and PDA, designed for
use separately or together.22 We sought to develop 2
complementary DAs via an iterative design process and
pilot test in preparation for a planned randomized con-
trolled trial (RCT) to understand their effectiveness
when used separately and in combination in clinical care.

Methods

Applying user-centered design, we developed 2 DAs to
be used for anticoagulation choice and stroke prevention
in AF (Figure 1).23,24 Starting with an EDA previously
developed by members of our team at the Mayo Clinic
for the same purpose, we used an iterative design process
to refine the EDA and to design a complementary
PDA.25 User testing included semistructured interviews,
observations, and internal testing, the results of which
informed improvements to the tools. Interviews took the
form of one-on-one journey mapping and exploration of
micro scenarios.
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The development process started with an environmen-
tal scan and systematic review of current SDM tools
about anticoagulation in AF, which resulted in the iden-
tification of 12 DAs for use in SDM conversations about
anticoagulation in AF (full methods and results have
been previously published22). An expert panel of 10
patients and caregivers, clinicians (physicians, nurse
practitioners), experts in SDM, and experts in DA devel-
opment reviewed the 12 DAs to identify the strengths
and weaknesses of each tool. The meeting was recorded,
and themes were identified from the transcripts. Notes
were taken using an inductive approach by 1 coordinator
and then finalized after discussion with the research
team.

Prototyping and Refinement

We first created a low-fidelity prototype of the PDA and
tested for usability with patients and clinicians. Following

the development of the PDA, we further modified the
existing EDA to align in final content and style with the
complementary PDA.25 The starting EDA prototype used
in this study was based on an interactive and Web-based
EDA used by Kunneman et al.25,26 in a previous study.
The PDA underwent 4 major iterations while the EDA
underwent 1 major update. Further minor adjustments
(i.e., button positioning) to both tools occurred over time.

Data Collection

Feedback on the tool was gathered throughout the entire
design processes via observations and screen capture of
patients using the PDA, semistructured interviews with
users, observations of clinical encounters with and with-
out the DAs, and usability testing by a wide variety of
clinicians, experts in DAs and SDM, designers, and
study team members. The interview guide was developed
by the study team, based on perspectives identified by
the expert panel. Patients were asked questions about
their experiences with AF itself, as well as their interac-
tions with the health care system (i.e., clinicians and pro-
cedures) for their AF, especially regarding their initial
diagnosis and early experiences with anticoagulation.
Providers were asked about the conversations they had
with patients and about the usability and acceptability of
the DA. Interviews were audio and/or video recorded
whenever possible. Interviews were generally one-on-one,
but occasionally 2 study coordinators (1 from each site)
were present during the interview. Notes were taken
during the interviews, and audio/visual recordings were
reviewed. Five interviews were analyzed using a journey-
mapping approach. For the other interviews, 1 coordina-
tor developed themes using an inductive approach, and
these were then discussed with all study coordinators
who had conducted interviews to reach a final consensus.

Results

Participants

The development team engaged with several key stake-
holders in the development process including patients
with AF, clinicians, and experts in SDM. These partici-
pants included 33 experts and 51 patients (Table 1) from
6 institutions. Nineteen experts were clinicians (in/outpa-
tient cardiologist and cardiac electrophysiologist MD/
NPs, and anticoagulation pharmacists) who helped
inform the content of the DAs based on their experience
treating patients with AF. The other 14 experts had
expertise in SDM, DA development and/or patient com-
munication, health literacy, or were patient advocates.

Exis�ng EDA Environmental 
Scan 

PDA Prototype  

User tes�ng & 
observa�on 

Major Revisions to 
PDA 

x4 

EDA and PDA 
harmonized 

Major  
Revision 
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PDA & EDA with 

pa�ents and clinicians 

Minor revisions 

Internal tes�ng  

Final Product 

x several 
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Designers 
Study Team 

Pa�ents 
Clinicians  
Experts  

Figure 1 Flow diagram of the user-based iterative design
process used to develop complementary encounter and patient
decision aids (encounter decision aid [EDA] and patient
decisions aid [PDA]).
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All members of the study team (a subset of the afore-
mentioned clinicians and experts) provided usability
feedback regarding the tools. Two clinicians (a cardiac
electrophysiologist and a clinical pharmacist) tested the
updated version of the EDA during an encounter with a
patient who had used the PDA and gave feedback
regarding workflow and usability issues. Figure 2 breaks
down patient participation in interviews, observed
encounters, and usage of the EDA or PDA. Of those
who gave feedback on the PDA, 8 participants gave
feedback on paper or digital prototypes of the PDA
before the Web site version was built. The rest gave feed-
back on different versions of the PDA as feedback from
both patients, clinicians, and study team members was
incorporated and the tool was updated.

DA Content

The goal of the EDA was to facilitate provider patient
communication during a visit and to help the provider
elicit patient values. The PDA’s goal was to prepare the
patient for the discussion with their provider by provid-
ing education and helping them establish their values
before talking with their provider. While many aspects of
the 2 DAs are the same, such as an embedded CHA2DS2-
VASc calculator and comparisons between different
anticoagulants, there were additional sections in the
PDA not included in the EDA, including information
about the basic pathophysiology of AF and reaffirming
language to help the patient feel less alone as they go
through the tool without their provider. Patients using
the PDA also had a section to prep them for the discus-
sion with their provider, including example questions
they could select to bring to their provider. Examples of
major content and language differences between the
EDA and PDA are shown in Figure 3. Description of the
content in the PDA is listed in Table 2.

Feedback and Usability Testing

The expert panel meeting at the beginning of the study
provided key guiding themes for the development of the

PDA and refinement of the EDA. Themes based on the
identified strengths and weaknesses of existing tools
included 1) the importance of providing concise informa-
tion at an appropriate reading level (health literacy), 2)
illustrations of basic anatomy, 3) allowing individuals to
choose what and how much information they receive, 4)
the need for content related to patients’ physical and
emotional experience of AF diagnosis, and 5) having
opportunities to write down questions for further
discussion.

Both patients and clinicians provided feedback on
both DAs during semistructured interviews and internal
testing. Numerous patients remarked on a feeling of iso-
lation or loneliness when first diagnosed with AF.
Patients liked the calming, reassuring language in the
PDA such as, ‘‘You can live with this,’’ and ‘‘You are
not alone.’’ As a result, in the final version of the PDA
landing page, we include the message, ‘‘You are not
alone,’’ while presenting the statistic that at least 2.7 mil-
lion Americans live with AF. Patients valued the cost
comparisons for anticoagulation in both tools and felt
that the EDA improved their conversation with their
provider, specifically through added visuals and the con-
crete personalized data. Clinicians felt that the bleeding
risk information was long, and that there were a few sec-
tions that required coaching beforehand so that they
could portray it correctly to their patients.

Table 1 Patient Participant Demographics at University of
Utah and Mayo Clinic

Utah
(n = 17)

Mayo
(n = 34)

Mean age (standard deviation), y 66 (12.49) 62 (11.47)
Female 11.7% 29.4%
Race, White 94% 97%
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Figure 2 Patient participation in decision aid development
feedback. EDA, encounter decision aid; PDA, patient

decisions aid.
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Figure 3 (continued)
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Usability issues included several patients skipping
entire portions of the tool and unclear navigation
through the tool. Clinicians also had issues navigating
early versions of the EDA and felt that information was
not always where they expected it to be. Arrows and
navigation options were sometimes confusing or not
apparent to users. These issues were fixed for the final
version. An early iteration of the PDA had more of a
forced linear design; for the final version, we allow
patients freedom to move nonlinearly through different
sections as desired. This feedback underscored the

importance of basic user-interface details to usability
and effectiveness of a PDA. The final PDA version was
optimized for mobile use, allowing patients to view the
PDA on their smartphones as well as a tablet or desktop
computer. The EDA is intended for use during the clinic
visit and is used with desktops or tablets.

Refinement

A major update from the initial EDA to the new PDA/
EDA was to add the stroke risk calculator. Stroke risk

Figure 3 Examples of differences between the complementary atrial fibrillation (AF) decision aids. EDA, encounter decision aid;
PDA, patient decisions aid.

Table 2 Content of the Patient Decision Aid for Stroke Prevention in Atrial Fibrillation
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was updated to show the difference between risk for all
strokes and then limited to the risk for fatal or disabling
stroke. The details and studies used for the stroke risk
calculator were described in a previous article about the
development of the initial EDA.25 In addition, the icons in
the pictograph were updated from smiley faces to gender-
specific icons (based on assigned sex at birth selected in
risk factor screen) informed by prior research on the
effectiveness of different types of icons27 (Figure 4).

Initially, the section that helped patients prepare for
their visit with the clinician included a free-text box for
patients to write notes/questions for their clinicians.
Patient feedback indicated that this section was confus-
ing and that they wanted a frequently asked questions
(FAQ) section. SDM experts and clinicians also gave
feedback that included the concern that patients could
enter private health information into the free text think-
ing it was secure. Thus, the final version has an interac-
tive list of commonly asked questions patients have for
their clinicians. Patients were able to select which from
this list they would like to discuss with their clinician at
their upcoming appointment and then were able to
download the personalized list of questions, which elimi-
nated the concern of a breach of privacy.

Early iterations of the PDA had only 1 version of con-
tent for both new and experienced patients, but many of
the patients who were experienced with AF felt that they
did not need all of the information in the tool and per-
ceived it to be too focused toward patients who were new
to AF as opposed to those who had lived with it longer.

In response, we made a different version of the PDA tool
for patients who had a prior history with AF and antic-
oagulation. Patients now have the decision when they
first open the PDA to choose the experienced or the
naı̈ve version of the PDA. In the experienced version, we
changed the language to take a review approach of the
patient’s AF and anticoagulation options as opposed to
learning about them for the first time (Figure 5).

Discussion

In collaboration with clinicians and patient stakeholders,
we created 2 DAs designed to be used primarily by
patients (PDA) preappointment and during a clinical
appointment collaboratively between clinicians and
patients (EDA). These tools are expected to provide deci-
sion support for patients with AF and their clinicians
when making treatment decisions about beginning,
changing, or continuing their anticoagulation medicines.
To our knowledge, this is the first effort to design com-
plementary DAs for use in a trial to determine the impact
of these tools when used separately and together.

According to the International Patient Decision Aid
Society, iterative user-centered methodology with pilot
testing is the recommended approach to develop DAs.28–30

Evidence and descriptions of developing DAs and the
methodology used have been published for both EDAs
and PDAs.25 However, often DAs are not created using
this gold standard practice, or if they are, it is not
reported.22 Compared with most previous DAs for

Figure 4 Stroke risk calculator in the initial encounter decision aid on the left and the final version on the right.
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Figure 5 Examples of differences between naı̈ve (left frames) and experienced pathways (right frames) of the patient decision aid.
(a) Welcome screen. (b) Things to reflect on before appointment. (c) Things to discuss with the care team.
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anticoagulation choice in AF, the development process for
these tools was more robust and incorporated both patient
and clinician needs, review, and testing. Only 2 other DAs
for stroke prevention in AF reported a high level of invol-
vement in the development process from multiple
sources.22

High-quality, user-centered design DAs are needed to
help patients make decisions regarding their AF treat-
ment plan. While anticoagulation has been shown to sig-
nificantly decrease the risk of stroke in patients with AF,
as few as 50% of patients who may benefit from treat-
ment are actually taking anticoagulation.13,16,31 Our
tools are not designed to be persuasive (i.e., to encourage
use of anticoagulants) but rather to provide a description
of taking each treatment option, including that of not
taking any medications, and to help patients decide
which option is best for their lives and their current
needs, goals, and values. Qualitative studies of clinicians
have found worry about bleeding risk and fidelity to the
treatment program contribute to lack of anticoagulant
uptake.19 Having a tool that supports conversations
about risks and benefits of anticoagulants instead of
merely providing information may help clinicians better
address these concerns.

These DAs are currently being tested in a randomized
controlled trial to evaluate their effect on SDM, knowl-
edge, and decisional conflict. Secondary outcomes
include adherence, anticoagulation choice, quality of
decision making, encounter length, and clinical events.
Enrollment began in December 2020, and patients are
being randomized to use either PDA and EDA together,
alone, or usual care. Registration of the trial can be
found on clinicaltrials.gov (NCT04357288), and a full
description of the protocol has been published.32 In this
trial, we aim to extend previous research that has shown
that DAs for stroke prevention have improved commu-
nication and satisfaction but have not had an impact on
long-term adherence to therapy.26 Based on the findings
of an RCT that used the initial version of the EDA and
found no effect on adherence, we made critical changes
to our study design to minimize the chances that the
patients we recruit have no need for a DA.

Strengths of our 2 tools are the extensive user testing
each have undergone to create a resource that best fits
user-identified needs instead of the perceived needs of
users by creators. In addition, the DAs are online, which
makes it relatively easy to update them as information
changes. This allows for easier integration with health
care systems or disseminating to patients before a visit.
Clinicians can also show the EDA during telehealth visits
by sharing their screen, something that is more difficult

with a paper tool. Furthermore, the customizable options
of the tool allow patients to create a unique experience
by showing the personalized risk of stroke based on their
specific characteristics and allowing patients to view sec-
tions that apply to their personal situation.

A limitation of the tools is that they focus only on
anticoagulation for stroke prevention in AF and not on
procedural approaches (e.g., left atrial appendage closure
device). Another limitation was the lack of diversity in
our patient population. This limitation is due both to the
location of our recruiting centers (large academic
research medical centers where the surrounding popula-
tion is predominantly White) as well as the nature of
AF, which is diagnosed more commonly in those of
European descent.33–35 We could not feasibly collect
information about insurance type, barriers to accessing
health care, income, or health literacy of our patient tes-
ters. However, these social risk factors will be assessed in
the RCT. Lastly, because the DAs are online, this may
limit the participation of patients who are less comforta-
ble with technology or do not have access to the internet
and a computer or mobile device at home. For our trial,
we will have tablets and research assistants available to
assist people who are limited in their digital access or
literacy.

Conclusion

Creating complementary DAs to be used together or sep-
arately represents a new method to supporting SDM
between patients and clinicians regarding stroke preven-
tion in AF and will provide needed evidence regarding
the strengths and weaknesses of PDAs compared with
EDAs. Extensive user testing and feedback from both
patients and clinicians improved the individualization of
the PDA and the ability to easily navigate both of the
tools. These improvements align patient values and clini-
cal accuracy to improve SDM. An ongoing trial evaluat-
ing these tools aims to show the utility of using these
DAs and their effect on SDM, knowledge, decisional
conflict, as well as adherence and other decision-making
outcomes.
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