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Abstract. After a cardiac event, patients typically enroll in a cardiac rehabili-
tation program in a rehabilitation center, where physiotherapists guide them in
overcoming their fear to move and increasing physical activity. Effectively chang-
ing patients’ health behaviour and bringing the newly formed habits to their
home environment remains challenging. At home, patients experience difficulties
interpreting exercise targets and monitoring physical activity. To bridge the
gap between supervised rehab in the center and regular exercise in daily life, we
propose a shared decision making (SDM) approach SharedHeart that supports
patients in changing their health behaviour and transferring the knowledge and
healthy habits to their homes. We developed 3 applications that support patients
and physiotherapists in following a SDM approach: (1) a tablet app to record the
patient’s sports preferences, (2) a caregiver dashboard to create and follow up on
a patient-tailored exercise plan during and in between SDM encounters, and (3)
a mobile app to report and follow up on physical activity at home. In this paper,
we present the results of our survey investigating physiotherapists’ application of
SDM in their current practice and perceived usefulness of SDM and supporting
tools. Next, we discuss our proposed SDM approach on the conceptual level
and the guideline-based design of the supporting I'T applications. We conclude
by highlighting how our approach and tools align with physiotherapists’ needs.

Keywords: Shared Decision Making - Physical Activity - Cardiac Rehabil-
itation - Patient Empowerment - eHealth

1 Introduction

After an acute ischemic heart disease event, secondary prevention (including cardiac
rehabilitation) is recommended by evidence-based guidelines to improve functional
capacity, prognosis, and quality of life [2, 23,25, 28]. Cardiac rehabilitation (CR) is a
comprehensive, multidisciplinary program composed of several key components, such
as medication, healthy nutrition, smoking cessation, stress management, education, and
physical activity. It has been proven that CR is effective in improving quality of life,
and reducing both morbidity and mortality. Despite these demonstrated benefits, CR,
remains underused in current practice [19, 22]. The EUROASPIRE surveys [8] concluded
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that only 40% of cardiac patients reached the physical activity target at 6 months after
hospital discharge. In our current research, we focus on improving cardiac patients’
adherence to physical activity with support of IT tools, while still being embedded in
a multidisciplinary CR program. The research findings on the use of the digital SDM
tools in this context are likely to be generalizable to a broader rehabilitation context.

1.1 Current Practice

In Europe, the cardiac rehabilitation program is typically divided in three subsequent
phases. Phase I starts when the patient is hospitalized after an acute cardiac event, and
focuses on early mobilization and brief introductory counseling. At hospital discharge,
patients proceed to Phase II, which is usually a supervised ambulatory outpatient
CR program in a hospital or rehabilitation center. Here, patients are supported by
a multidisciplinary team in managing and reducing their risk factors for about three
months. During the rehabilitation sessions, they focus on increasing the patient’s
physical activity. Patients are guided by physiotherapists while performing exercises on
for example stationary bikes, treadmills, and arm bikes [19, 22]. Unfortunately patients
regularly skip rehabilitation sessions due to varying reasons, such as personal feelings
and beliefs (e.g. embarrassment about exercising in group), system and service barriers
(e.g. contradictory advice from the healthcare team), and logistic limitations (e.g. lack
of transport and parking) [21]. Moreover, patients are instructed to exercise at home on
days that they do not go to the rehabilitation center. Given their age and often sedentary
lifestyle, most cardiac patients are not accustomed to performing non-supervised exercise
training at home [24] and have fear to exercise. Behaviour change is a complex process,
requiring people to restructure their priorities, and daily and social routines [17]. However,
patients lack guidance on how to integrate exercise into their daily life and how to
exercise independently at home [24]. When patients finish the outpatient CR program,
they advance to Phase III, the lifetime maintenance or long-term outpatient CR phase,
where the support of the multidisciplinary team is reduced. Patients have to maintain
their physical fitness and perform additional risk factor reduction more independently
[19, 22]. Patients often experience difficulties in transferring the knowledge and habits
formed during supervised rehabilitation in the center to the unsupervised rehabilitation
at home. It is a challenge for them to interpret their overall rehabilitation targets,
identify the physical activities they should do, and monitor their progress over time [24].

1.2 Telerehabilitation

Telerehabilitation can provide a possible solution to cope with the low attendance rates
at rehabilitation sessions and the low long-term adherence to recommendations. In
telerehabilitation, patients are not restricted to the hospital or rehabilitation center,
but rehabilitate remotely at home supported by interactive applications and technology.
Reviews [4,11] concluded that telerehabilitation can be a feasible and effective add-on
or alternative compared to conventional in-hospital cardiac rehabilitation, and has the
potential to support patients in adhering to the recommended level of physical activity.
However, telerehabilitation solutions need to be personalized and tailored to the patient’s
individual condition and needs [10]. Patient involvement is a prerequisite for good clinical
practice. In this regard, research has shown that shared decision making has the potential
to improve patient satisfaction, adherence, and psychological and physical well-being
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(e.g. quality of life, anxiety, and depression) [15]. Patients prefer to share decisions or at
least give their opinion about treatment before the physiotherapist makes a decision [9].
However, the rather paternalistic model where caregivers decide for their patients is still
dominating in practice [7,9]. Accordingly, in most telerehabilitation systems targeting
physical activity, patients have only limited input in their exercise prescription and plan.

1.3 Shared Decision Making

Shared decision making is an approach that combines the patient’s personal preferences,
goals, values, and context with the clinical evidence and expert opinions to make
an informed decision [18,27]. To design and develop a personalized telerehabilitation
solution targeting physical activity, we propose to incorporate shared decision making
(SDM) as a means to involve and empower cardiac patients in the process of constructing
an exercise plan. In this context, from the patient’s perspective, their current habits,
sport preferences, and physical disabilities or limitations should be considered. For
example, a dog lover will prefer going for a walk with his/her dog over cycling. On
the other hand, the evidence-based guidelines for physical activity and the expertise
of the caregivers guiding the patient in the rehabilitation center should be taken into
account when making decisions about the patient’s physical activity.

1.4 Our Proposed SharedHeart Approach

In this paper, we propose SharedHeart, a technology-supported shared decision making
approach for physical activity. Given the fact that currently most healthcare decisions
are made by caregivers [7,9], we investigated physiotherapists’ current practices of
SDM and perceived usefulness of SDM and using SDM tools in a survey. Using our
SharedHeart platform, patients and their physiotherapists set up goals together to
construct a tailor-made exercise plan in order to get patients involved to make their
own decisions. As such, we want to bridge the gap between supervised and unsupervised
rehabilitation and improve long-term adherence to physical activity recommendations.
The SharedHeart platform is composed of three applications: (1) a tablet application
to record the patient’s preferences for physical activity, (2) a caregiver dashboard to
create and follow up on a patient-tailored exercise plan during and in between SDM
encounters, and (3) a mobile application for the patient to report and follow up on
physical activity at home. The caregiver dashboard was designed by applying the
guidelines of Bonneux et al. [6] for the design of SDM tools targeting health behaviour
change. We conclude by highlighting some directions for future research.

2 Physiotherapists’ Opinion about Shared Decision Making

In general, shared decision making is not yet applied extensively in clinical practice
[7,9]. When designing tools to support caregivers in SDM, important factors influ-
encing uptake of these tools are caregivers’ willingness to do it and their acceptance
of SDM tools. Given the focus of this paper on physical activity in phase II cardiac
rehabilitation (CR), we assessed physiotherapists’ current practice of SDM and their
perceived usefulness of shared decision making and SDM tools for physical activity in the
context of phase II CR. We conducted a custom-made survey with ten physiotherapists



4 C. Bonneux et al.

working in the rehabilitation center (i.e. ReGo) of Jessa Hospital (Hasselt, Belgium).
In the rehabilitation center, cardiac patients are supported by a multidisciplinary team,
consisting of cardiologists, physiotherapists, dietitians, psychologists and social nurses
in recovering from a cardiac incident. The rehabilitation program for a patient lasts
three months and consists of 45 multidisciplinary sessions (individual and in group).
The physiotherapists that participated in the survey had varying experience in CR,
ranging from physiotherapists guiding cardiac patients during their exercise training
half a day per week to daily, to a trainee and the head of the rehabilitation center.

Given the target audience of the survey, we only included questions in relation to
SDM for physical activity and exercise training as part of phase II rehabilitation in
the rehabilitation center. The survey consisted of four parts assessing physiotherapists’
current practice of SDM, usefulness of topics for discussing with patients, usefulness of
a tool during discussions with patients and preferences for conversations about physical
activity. Questions about usefulness were 5-point Likert scale questions, ranging from
not useful at all to very useful. Questions about frequencies and timing for SDM were
multiple-choice questions, but also some open questions were included to gain deeper
insights into physiotherapists’ preferences.

Current practice of shared decision making for physical activity
during phase Il cardiac rehabilitation

Number of physiotherapists
0 1 2 3 4 5 6 7 8 g 10

Discuss patients' physical activity beyond the rehab sessions I
Set personalized physical activity goals together with patients —

Discuss patients' physical activity goals that were set |1

Create a personalized exercise plan together with patients

Discuss patients' exercise plan that was constructed I ————— —

Discuss patients' physical activity progress on the short-term I
Discuss patients' physical activity progress on the long-term |

1 time during the rehabilitation (3 months) [l Start, mid and end of the rehabilitation (i.e. monthly)
Weekly B During every rehab session (usually 2-3 x per week)

Fig. 1. Physiotherapists’ current practice of shared decision making for physical activity during
phase II cardiac rehabilitation.

We assessed physiotherapists’ current application of SDM in their daily practice by
asking them about their interaction with patients. For a selection of physical activity
related topics, we collected information on how frequently they discuss these topics
with their patients (i.e. perform shared decision making). The results are depicted in
Fig. 1. The most frequently discussed topic is patients’ short-term progress for physical
activity, which is discussed by all physiotherapists at least on a weekly basis. For all
other topics, several physiotherapists indicated a lower frequency of SDM (e.g. monthly
or only once during the rehabilitation program). Creating a personalized exercise plan
together with the patients is done the least frequently, with only one physiotherapist
discussing it on a weekly basis, six physiotherapists discussing it monthly, and the
remaining three physiotherapists only discussing it once during the rehabilitation.
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Perceived usefulness of shared decision making and SDM tools to discuss physical activity
during phase Il cardiac rehabilitation

Number of physiotherapists
2 3 4 5 6 7 8 9 10

o

Do SDM

Support of a SDM tool

Do SDM

Support of a SDM tool

Do SDM

Support of a SDM tool

Do SDM

Support of a SDM tool

Do SDM

Support of a SDM tool

Do SDM

Support of a SDM tool

Do SDM

Support of a SDM tool

lNot useful atall [lNotuseful [lNeutral [llUseful ~ Very useful

Fig. 2. Physiotherapists’ perceived usefulness of shared decision making (SDM) and using a
SDM tool to discuss physical activity during phase II cardiac rehabilitation.

Secondly, for the same set of physical activity related topics, we assessed physiother-
apists’ perceived usefulness of 1) shared decision making (i.e. discussing these topics
with their patients) and 2) receiving support of a SDM tool during these discussions.
The results are depicted in Fig. 2. In general, physiotherapists perceived for all topics
shared decision making as valuable. Only for one topic (i.e. discussing patients’ exercise
plans) one physiotherapist indicated neutral, but for all other topics all physiotherapists
indicated that it is (very) useful to discuss them with their patients. Discussing physical
activity that patients do next to their rehabilitation sessions in the center was identified
as the most useful discussion topic, followed by discussing patients’ short- and long-term
progress and physical activity goals.

Physiotherapists’ perceived usefulness of a SDM tool to support the discussion of
physical activity related topics was slightly more neutral, indicated by a higher number of
neutral responses. Nevertheless, no physiotherapist indicated that he/she would not find
it useful to use a SDM tool. There were no topics that clearly stood out as the most or
least useful to discuss with the aid of a SDM tool. The slightly lower perceived usefulness
of a SDM tool compared to doing SDM could be due to physiotherapists’ current way
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of working and the fact that they did not have any experience with a SDM tool and
we did not give them a detailed explanation of the possible features of such a tool.

Lastly, we asked physiotherapists about their preferences for timing of conversations
about physical activity with their patients, i.e. when would they find it useful to have
these conversations and what is the preferred frequency. Most physiotherapists (8/10)
indicated that they would find it useful to discuss their patients’ physical activity every
week during the rehabilitation program in the rehabilitation center (i.e. the entire phase II
cardiac rehabilitation). Varying reasons were indicated for this, including the importance
of physical activity in the rehabilitation process, patients’ need for evaluation and confir-
mation, easy integration into training sessions, influence on motivation and involvement,
working efficiently, adapting timely and detecting problems. Some physiotherapists also
noted that it is especially important to discuss the physical activity that patients do next
to their rehabilitation in the center. The two other physiotherapists indicated varying
moments for conversations about physical activity. One physiotherapist would prefer the
combination of the first and last 6 weeks of the rehabilitation program and at the long-
term follow-up. As such, the buildup and progress at home and during the rehabilitation
goes in parallel with the cardiopulmonary exercise test that was done in the rehabilitation
center. Another physiotherapist would prefer the combination of biweekly discussions dur-
ing the rehabilitation program, with closer follow-up in the first and last 2 weeks, plus at
the long-term follow-up. The physiotherapist noted that it should not be too frequent, be-
cause it should be organizationally feasible and it should be possible to detect progression
or stagnation. On the other hand, it should be discussed frequently enough to increase
or sustain motivation and to provide a broader reference frame for the physiotherapist.

We also assessed physiotherapists’ preferences for the frequency of conversations with
patients about physical activity. The frequency varied: 4 physiotherapists preferred
weekly, 4 physiotherapists preferred biweekly, 1 physiotherapist preferred both weekly
and biweekly and 1 physiotherapist preferred monthly. One physiotherapist noted that
it could be frequent in the beginning but with a degrading frequency, ranging from
every session to once a month. Reasons for these frequencies included allowing for
checking up on and guiding the patient, providing patients a clear goal to train and
make progression, updating the training parameters more adequately (e.g. number of
repetitions and sets), stimulating patients frequently to continue exercising at home,
following up patients and adjusting the training when needed, detecting problems and
possible pitfalls, adapting short- and long-term goals, and keeping the overview of
the patients’ physical activity. Some physiotherapists noted the importance of having
enough time to do the rehabilitation exercises. Furthermore, adapting exercise habits
requires time. On the other side, there should be enough time for a decent discussion.
For both the current and preferred frequency of SDM, the diversity in answers may be
due to a physiotherapist’s interpretation of a SDM moment, varying from briefly asking
how the patient is doing to having a decent conversation about the patient’s activity.

We want to conclude the presentation of the results of our survey by mentioning
that we did not investigate explicitly how physiotherapists perceive the time they spend
discussing with their patients. However, this could have an influence on their perceived
usefulness of shared decision making and SDM tools.
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3 Decision-Making in the SharedHeart Approach

Shared decision making (SDM) for physical activity during the supervised ambulatory
outpatient cardiac rehabilitation program (phase II) is one of the key topics in our cur-
rent research. To support patients in exercising at home during phase II and bridge the
gap between supervised and unsupervised rehabilitation, we propose a SDM approach
supported by a digital platform, SharedHeart.

3.1 Approach for the Rehabilitation Program

During phase II cardiac rehabilitation, patients come two to three times a week to the
rehabilitation center to train under the supervision of physiotherapists. In the Shared-
Heart approach, we combine these training sessions with SDM encounters supported by
digital tools. Ideally, from the first week of the supervised rehabilitation onwards, the
patient has once a week a SDM consultation with a physiotherapist to discuss his/her
physical activity.

Preparation Shared decision making Remote follow-up

consultation
& SharedHeart IPrefer app & SharedHeart mobile app

® O SharedHeart caregiver

- o dashboard

N~

/. SharedHeart caregiver \

& dashboard

Fig. 3. An overview of the different tools that support the SharedHeart approach.

Typically the supervised rehabilitation program takes about three months. Joint goal
setting with patients, discussing progress and frequent encouragement from caregivers
are important factors facilitating continuation in CR programs [20]. However, physio-
therapists have many patients to supervise. Both the patients and the physiotherapists
would benefit from SDM tools that retain efficiency, while increasing the quality and
depth of their interaction during the encounters. Therefore, in line with the survey
results, we propose to have one SDM encounter every week for the first half of the
supervised rehabilitation and then decrease this to one SDM encounter every two
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weeks. The gradual decrease in control by the physiotherapists shifts the responsibility
gradually to the patient. In this way, when the patient finishes rehabilitation in the
center, the currently best fitted exercise plan for the patient has been found and the
patient is ready to take the full responsibility to maintain physical fitness. By following
this SDM approach, our aim is to teach patients the skills for planning their physical
activity, and to build strong habits during phase II of rehabilitation, that they will
continue in phase III to foster long-term adherence.

In the SharedHeart approach, we integrated digital tools of the different categories
proposed by Bonneux et al. [5]. Before the first SDM encounter, patients use a preference
elicitation application to indicate their preferences and physiotherapists use a clinical
decision support system to prepare for the encounter. In the encounters, patients and
their physiotherapists create a personalized exercise plan for the patient with the aid
of a SDM tool that provides data and recommendations to foster communication and
deliberation and guides the stakeholders through the SDM process. Between encounters,
patients use a mobile tool providing decision support at home and the physiotherapists
use a tool for remote follow-up. Fig. 3 gives an overview of the proposed SharedHeart
approach and supporting digital applications.

3.2 Approach during a Single Encounter

At the start of the supervised rehabilitation, all information needed for shared decision
making needs to be collected. From the patient’s side, we need to assess his/her sports
preferences, current situation (e.g. home and work situation), and physical limitations (e.g.
pain or balance problems). To relieve the burden for physiotherapists, patients can indi-
cate their preferences in the IPrefer tablet application in the waiting room. From a clinical
point of view, we need the patient’s latest clinical data (e.g. physiological parameters and
results of cardiopulmonary exercise testing) and a tailored exercise prescription conform-
ing to the evidence-based guidelines for physical activity. To support physiotherapists in
making a guideline-based exercise prescription for the patient, we integrated the EXPERT
tool [12, 13], i.e. a clinical decision support system that suggests a personalized, guideline-
based exercise prescription for a patient, into the SharedHeart caregiver dashboard.

In the encounters, patients and their guiding physiotherapists discuss the patient’s
preferences for physical activity and collaboratively construct an exercise plan for the
upcoming week in the SharedHeart caregiver dashboard. To stimulate discussion and
encourage exploration of new physical activities, the SDM tool provides guidance in
creating the exercise plan by suggesting activities that comply with the clinical evidence
on exercise effectiveness and the patient’s sports preferences. At the end of each encounter,
the patient goes home with a tailor-made, achievable exercise plan for next week.

Between encounters, the patient tries to adhere to the exercise plan. Encouraging
health-promoting lifestyle change requires interventions that are integrated into daily
life and provide support when and where people make decisions [17]. Therefore, we
developed a mobile, persuasive telerehabilitation application that motivates patients
to exercise and enables them to follow up on their exercise plan that was prepared
in the SDM setting. Physiotherapists can also remotely follow up on the data that their
patients collect in the SharedHeart caregiver dashboard.

One or two weeks after the previous SDM encounter, the patient has a new SDM
encounter with the physiotherapist in which they discuss how the patient experienced the
past days (e.g. How active was the patient? Did the patient adhere to the program?). This
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discussion is supported by the SharedHeart caregiver dashboard that visualizes the data
collected in the patient mobile application. Based on the patient’s recent performance
and updated preferences and constraints, the exercise prescription is adapted and the
plan for next week is constructed. This process repeats until the currently best fitting
exercise prescription and exercise plan for the patient have been found.

4 The Design of the SharedHeart Platform

The SharedHeart digital platform augments the proposed SDM approach. In this section,
we discuss the design of these applications and we highlight their contribution to shared
decision making. The SharedHeart caregiver dashboard is the main application (as
depicted in Fig. 3), supporting SDM during the encounters between the physiotherapist
and the patient. The caregiver dashboard offers support in collaboratively setting exercise
targets, creating an exercise plan and discussing progress. In the application, we applied
the seven principles of Bonneux et al. [6] for the design of SDM tools for health behaviour
change. In the context of our application, the behaviour change goal is being more
physically active. The design principles of Bonneux et al. are depicted in italics. Next to
using the caregiver dashboard during the SDM encounter, physiotherapists can also use
it to prepare for their next encounter with the patient and to follow up on the patient’s
progress between visits. The IPrefer tablet application supports the preference elicitation
before the first consultation, whereas the SharedHeart mobile application supports the
patient in following up on the decisions that were made during the encounter.

4.1 Goal-Setting for Physical Activity

A key aspect in shared decision making for health behaviour change is encouraging
collaborative goal-setting. In the context of physical activity for cardiac rehabilitation,
the goal can be expressed as an exercise prescription. Physiotherapists can use the
EXPERT tool [12,13] to generate a personalized exercise prescription for their patients.
An example of a typical exercise prescription for a patient is as follows: “exercise at
moderate intensity 3 to 5 times a week for 20 to 60 minutes per session and for at least
24 weeks”. Prior to the first SDM encounter, the physiotherapist prepares the initial
exercise prescription for the patient using the EXPERT tool. This exercise prescription is
discussed with the patient during the encounter. The EXPERT tool often defines ranges
in the exercise prescription (e.g. 20-60 minutes of physical activity for 3-5 times per
week). These can be discussed with the patient to come to a feasible exercise prescription
for the patient. Furthermore, it is possible that the exercise prescription is too hard and
thus not feasible for the patient at a certain point in the rehabilitation program. In this
case, the physiotherapist can update the exercise prescription during the SDM encounter.
In the follow-up encounters, the exercise prescription can be updated based on the
patient’s progress and changes in risk profile, to make it more challenging for the patient.

The patient’s current status (e.g. most recent parameter values and physical fitness)
is shown in the risk profile bar in the SharedHeart caregiver dashboard and the target
situation is represented by the patient’s exercise prescription. As such, the design
principle of Bonneux et al. [6] give an overview of the current status, the target situation,
and the available options is met, but not combined into a comprehensive overview. As
the available options, we can consider the ranges of the exercise prescription but also
the ways to achieve the exercise prescription (as discussed in Section 4.2).
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4.2 Creating an Exercise Plan

Patients experience difficulties in translating a generic exercise prescription to a concrete
exercise plan fitting their needs. Also, interpreting exercise targets is a challenge for
a number of patients. Patients need support when making decisions in their daily life
related to their health condition, but physiotherapists are often not able to perform this
demanding task. Moreover, patients should be encouraged to do lifestyle physical activity
(e.g. taking the stairs, gardening and cleaning), additional exercise or both on days that
they do not attend cardiac rehabilitation sessions [3]. Supporting patients in performing
physical activity on these days is essential [26]. It is not a trivial task for physiotherapists
to include all these aspects in their daily practice. Therefore, we provide patients and
physiotherapists support in making an action plan, by constructing and following up on a
patient-tailored exercise plan that includes both the training sessions in the rehabilitation
center and the physical activities that the patient performs at home, as depicted in
the exercise plan (i.e. nr 3 in Fig. 4). The information that is difficult for patients to
understand (e.g. the exercise prescription) and the preference-sensitive decisions that
should be made (e.g. the exercise plan) are the central components of this SDM screen.

Exercise program +

336
[ S

Walking

o )

1890

Add activity

Day:

Saturday

0JoJ : 10J6)
® Moderate
3.5 times

G 20-45 min. 2

Category:
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&

o

Friday

Saturday ~ Sunday

Monday
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Cycling

Walking

Running

Fitness

Walking
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Duration:

60
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60 min.
Cycling

30 min.

Walking + Add

3 &  Save new program

Fig. 4. During the SDM encounters, the patient and physiotherapist collaboratively construct
an exercise plan by choosing activities (nr 4). The calendar view (nr 3) and patient-tailored
progress bar (nr 1) provide an overview of respectively the plan and the associated progress
towards the exercise targets. Also, the patient’s exercise prescription is shown (nr 2).

To foster discussion of the exercise plan and improve patient understanding of the
exercise prescription and associated targets, we offer multiple complementary visualiza-
tions when constructing the exercise plan (Fig. 4). These visualizations were designed to
encourage physiotherapists to collaboratively decide upon the patient’s physical activity.
The exercise plan for the upcoming week is displayed in a weekly calendar (nr 3), which
is a well-known representation format that can be easily understood by patients. In addi-
tion, the progress that will be made by the activities of the composed plan is visualized
in a tailor-made progress bar (nr 1). The flags in the progress bar denote the personalized
weekly exercise targets calculated based on the patient’s parameters and exercise prescrip-
tion. To support patient understanding and encourage exploration of different activities,
there is an indication of how much each activity contributes to achieving the targets,



SharedHeart 11

allowing the physiotherapist to demonstrate the effects of behaviour change. The overview
of the patient’s prescription with an indication of how many training sessions will be
completed by the composed plan (nr 2) links the exercise prescription to the exercise plan.

Research has demonstrated that patients prefer to choose their exercises from a
range of exercise options [20]. Accordingly, the SharedHeart caregiver dashboard offers
a patient-tailored list of recommended activity categories (nr 4) based on the patient’s
ranking of sports activities as compiled in the IPrefer tablet application. For each
activity category, multiple activities and variations are available (e.g. different speeds
or intensities). For example, the category walking entails two specific activities: walking
and Nordic walking. For each of these, there are different variations, including different
walking speeds and conditions (e.g. with a dog). The list of available categories, activities,
and variations was constructed by selecting relevant activities from the Compendium
of Physical Activities [1]. Since the focus of SharedHeart is on exercise training, no
general lifestyle activities, such as cleaning and gardening, were included. To help
physiotherapists and patients in choosing the appropriate variation (e.g. walking speed)
for the patient, there is an indication of how well the specific activity variation matches
with the patient’s profile based on the patient’s exercise prescription and the table of
Vanhees et al. [29]. The recommendations for sports activities and intensities support
the physiotherapist in providing suggestions or tips to the patient.

Next to the exercise prescription, the EXPERT tool offers patient-tailored safety
advice to optimise medical safety of exercise training [12,13]. The physiotherapists
can use this advice to provide suggestions or tips on how to perform physical activity.
In collaboration with an expert in exercise training for cardiac patients, we expanded
these safety precautions with activity specific safety precautions and supplementary
safety advice that can be provided based on the patient’s physical limitations (pain and
balance problems) that were collected in the IPrefer tablet application. During the SDM
encounters, the physiotherapists can discuss the patient-tailored list of safety precautions
with the patients to reduce their fear to exercise and improve their self-efficacy to
perform exercise independently at home.

4.3 Reporting and Following Up on Physical Activity

The patient leaves the SDM encounter with a tailored exercise plan for the upcoming
week. At home, patients use the SharedHeart mobile application to report and follow
up on their physical activity (Fig. 5). The mobile application intends to keep the shared
decision making process ongoing by giving cues of what was decided during the SDM
encounter and offering supporting features to achieve the mutually agreed goals.
First of all, the application gives an overview of the patient’s pre-constructed exercise
plan that was made in the SDM setting and how well the patient adheres to it (Fig. 5A).
Between encounters, patients can report which activities from the pre-constructed plan
they perform and can follow up on their progress towards the weekly exercise targets in
the progress visualization (Fig. 5B). Sometimes it is not possible to perform the planned
activity, e.g. it is raining and the patient planned to go walking outside. When patients
want to deviate from the exercise plan, they can add a new activity by selecting it from
the list of recommended activities in the app, similarly as during the SDM encounter.
Cardiac patients should perform both exercise training and unstructured, lifestyle
physical activity. The goal should be to carry out at least moderate intensity activities
during the day (e.g. gardening, cleaning or vacuuming). At the end of the day, patients
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can report on their lifestyle physical activity (Fig. 5C). If the patient did not achieve
the goal of at least moderate intensity activities, a tip to increase lifestyle physical
activity is given. These tips are tailored to the patient’s work and home situation (that
was collected with the IPrefer application). Furthermore, patients can view the entire
history of their self-reported physical activity in the mobile app.
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Fig. 5. During the week, patients can use the mobile application to A) follow up on their
exercise plan, B) monitor their physical activity and C) report their daily activity.

Patients need knowledge to be able to take part in shared decision making [16].
To improve patients’ knowledge and understanding of their condition, we offer short
educational videos about cardiac rehabilitation in general and physical activity in
particular. Moreover, we provide some videos tailored to the patient’s exercise plan.
These videos provide tips and tricks for the specific activity categories incorporated
in the exercise plan. We collaborated with an experienced physiotherapist to record
videos for the most prevalent activity categories (i.e. walking, biking, fitness and racket
sports). Watching an educational video can raise some questions. Patients can record
these questions or other concerns in the notes, so they can discuss these issues in an
upcoming appointment with their physiotherapist.

4.4 Discussing Performance of Physical Activity and Progress

All information that patients enter in the SharedHeart mobile application can be
consulted by the physiotherapists in the caregiver dashboard (Fig. 6A). During the
SDM encounter, the physiotherapist can use the caregiver dashboard to discuss how the
patient performed last week. Optionally the physiotherapist can also follow up on the
patient’s activity between encounters, but given the busy schedules of physiotherapists
this is not mandatory for our proposed approach.
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Fig. 6. During the SDM encounter, the patient’s exercise of the past week is discussed. A)
The calendar overview indicates how the patient adhered to the constructed exercise plan. B)
The progress bars show the patient’s long-term progress for physical activity.

In the discussion screen (Fig. 6A), we applied similar visualization techniques as in the
construction screen (Fig. 4): a weekly calendar view and a tailor-made progress bar with
exercise prescription and training sessions, both enabling progress follow-up with visual
elements and supporting to give feedback on performance. The calendar view depicts
the exercise plan that was constructed during the previous SDM encounter and how
the patient adhered to it. The detailed information of an activity (e.g. time, tiredness,
enjoyment) can be consulted as well. The progress bar shows how the activities that the
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patient performed contributed to achieving the exercise targets. Whereas the activities’
contribution to the targets was predicted when constructing the exercise plan (Fig. 4),
the exact contribution of each performed activity is appraised during the SDM discussion
(Fig. 6A). By demonstrating how the different activities contributed to achieving the
exercise targets, the design principle demonstrating the effects of behaviour change is met.
Feedback is provided by means of icons (e.g. reported activities), colors (e.g. adherence
to the exercise plan) and visual indications (e.g. progress towards the exercise flags).

A more fine-grained application of the principle overview of the patient’s current
status, the target situation and the available options can be found in the weekly calendar
overview with an indication of the patient’s adherence to the exercise plan and the
accompanying progress visualization. The current situation is the amount of physical
activity that the patient already did in that week. The target situation is reaching
the exercise targets (i.e. depicted by the flags). The available options are the different
sports activities that the patient can perform to progress towards the exercise targets.

For patients, it is not always easy to understand how their health condition pro-
gresses over time. Therefore, it is very important to enable progress follow-up with
visual elements and give feedback on performance. The evolution of the weekly exercise
targets and the patient’s achievement of these targets is depicted in Fig. 6B. Patients
can see how their exercise targets (i.e. visualized by the flags) changed over time
depending on their exercise capacity; a better exercise capacity results in adaptations
to the exercise prescription and increases the associated exercise targets. Moreover,
the long-term follow-up supports physiotherapists in making these adaptations to the
exercise prescription and associated exercise targets.

Patients often think of topics they wanted to discuss right after an encounter [14].
We offer patients the possibility to take notes in the mobile app, so they can remember
more easily what they want to discuss with their caregivers. The notes can be consulted
in the SharedHeart caregiver dashboard. During the SDM encounter, the notes can
be used to discuss the patient’s concerns, and the physiotherapist can also consult the
notes when preparing for the encounter.

5 Discussion

In phase II cardiac rehabilitation, the multiple-consultation model that is needed for
shared decision making is in place [16]. Patients come several times a week to the
rehabilitation center for their training sessions. In the SharedHeart approach, we combine
these training sessions with SDM consultations to discuss the patient’s physical activity.
Given the busy schedules of physiotherapists and the number of patients that they have
to supervise simultaneously, a balance should be made when deciding how often physio-
therapists have SDM encounters with their patients. In our survey, most physiotherapists
indicated that they preferred to have weekly or biweekly conversations with their patients
about physical activity during the rehabilitation program. The proposed frequency of the
SharedHeart approach is in line with the physiotherapists’ suggestion, i.e. weekly during
the first 6 weeks and biweekly during the last 6 weeks of the rehabilitation program.

Our survey indicated that currently physiotherapists do shared decision making
with patients for several topics, but the frequency is highly variant and there is still
quite some room for improvement. This can be noticed by the discrepancies between
physiotherapists’ perceived usefulness of SDM (in Fig. 2) and the frequency that they
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currently perform it in their daily practice (in Fig. 1). Especially for the creation of
a personalized exercise plan, there is still quite some room for improvement. The design
of the SharedHeart platform revolves in particular around the follow-up of physical
activity, with the personalized exercise plan as a key component. Furthermore, short-
and long-term progress and goal-setting, which were considered as very useful for
discussion, are the core components of the SharedHeart platform.

Based on physiotherapists’ willingness to use a SDM tool to discuss physical activity
with their patients, we expect that physiotherapists are willing to use the SharedHeart
platform. However, when conducting the survey, we only involved physiotherapists of one
rehabilitation center. Also, we did not explain the intended SharedHeart approach nor
showed a similar platform supporting SDM to the physiotherapists, to prevent that they
have a specific system in mind when filling in the survey. To bridge this gap, we plan to
perform usability tests with patients and physiotherapists to explore the usability of the
SharedHeart platform, and their opinion about the tools. As a next step, it should be
investigated what are the effects of the SharedHeart approach. We submitted a protocol
(NCT05026957) and received ethical approval from the medical ethical committees
of Hasselt University and Jessa Hospital to perform a randomized, controlled clinical
trial (RCT) preceded by a usability study. In the RCT, 80 coronary artery disease
patients will be recruited to evaluate the impact of our proposed SharedHeart approach
on patients’ quality of life, exercise capacity, motivation to exercise, perception of
rehabilitation, and engagement in the decision making process.

6 Conclusion

In this paper, we presented SharedHeart, a technology-supported shared decision making
approach for physical activity in cardiac rehabilitation. In a survey, we investigated
physiotherapists’ current practice of SDM and their perceived usefulness of SDM and
using SDM tools to discuss physical activity during phase II CR. Next, we described
the SharedHeart approach and illustrated the design of the SharedHeart platform by
demonstrating how the seven guidelines for SDM tools for behaviour change of Bonneux
et al. [6] were applied in the SharedHeart caregiver dashboard.

Our proposed SharedHeart approach and accompanying applications focus only on
SDM for physical activity. However, cardiac rehabilitation is a comprehensive program
composed of several key components, including education, nutrition counseling, physical
activity, smoking cessation, stress management and medication intake [22]. For all
components of the CR program that include a behaviour change, shared decision
making can be a good way to increase patient motivation and involvement. With our
work, we hope to provide other researchers an example of what a technology-supported
SDM approach can look like and how an accompanying SDM tool can be designed.
We hope that our current research provides a starting point for investigating SDM
in telerehabilitation solutions to cope with the current challenges faced in cardiac
rehabilitation and inspires other researchers in investigating technology-supported
shared decision making for preference-sensitive decisions in diverse patient populations.

Acknowledgements This research was funded by the Special Research Fund (BOF) of
Hasselt University (BOF18DOC26), FWO-ICA project EXPERT network (GOF4220N)
and the EU funded project H2020 IA CoroPrevention (848056).



16

C. Bonneux et al.

References

10.

11.

12.

13.

. Ainsworth, B.E., Haskell, W.L., Herrmann, S.D., Meckes, N., Bassett Jr, D.R., Tudor-

Locke, C., Greer, J.L., Vezina, J., Whitt-Glover, M.C., Leon, A.S.: 2011 compendium
of physical activities: a second update of codes and met values. Medicine & science in
sports & exercise 43(8), 15751581 (2011)

. Authors/Task Force Members, Steg, P.G., James, S.K., Atar, D., Badano, L.P.e.a.: ESC

Guidelines for the management of acute myocardial infarction in patients presenting
with ST-segment elevation: The Task Force on the management of ST-segment elevation
acute myocardial infarction of the European Society of Cardiology (ESC). European
Heart Journal 33(20), 2569-2619 (08 2012). https://doi.org/10.1093/eurheartj/ehs215

. Ayabe, M., Brubaker, P.H., Dobrosielski, D., Miller, H.S., Ishi, K., Yahiro, T., Kiyonaga, A.,

Shindo, M., Tanaka, H.: The physical activity patterns of cardiac rehabilitation program par-
ticipants. Journal of Cardiopulmonary Rehabilitation and Prevention 24(2), 80-86 (2004)

. Batalik, L., Filakova, K., Batalikova, K., Dosbaba, F.: Remotely monitored telerecha-

bilitation for cardiac patients: a review of the current situation. World journal of clinical
cases 8(10), 1818 (2020)

. Bonneux, C., Rovelo, G., Dendale, P., Coninx, K.: A comprehensive approach to decision

aids supporting shared decision making in cardiac rehabilitation. In: Proceedings of the
13th EAI International Conference on Pervasive Computing Technologies for Healthcare.
pp. 389-398. ACM (2019)

Bonneux, C., Rovelo Ruiz, G., Dendale, P., Coninx, K.: Theory-informed design guidelines
for shared decision making tools for health behaviour change. In: Ali, R., Lugrin, B.,
Charles, F. (eds.) Persuasive Technology. pp. 259-274. Springer International Publishing,
Cham (2021)

Cousét, N., Desroches, S., Robitaille, H., Vaillancourt, H., Leblanc, A., Turcotte, S., Elwyn,
G., Légaré, F.: Assessments of the extent to which health-care providers involve patients
in decision making: a systematic review of studies using the option instrument. Health
Expectations 18(4), 542-561 (2015)

De Bacquer, D., Astin, F., Kotseva, K., Pogosova, N., De Smedt, D., De Backer, G.,
Rydén, L., Wood, D., Jennings, C., EUROASPIRE IV and V surveys of the European
Observational Research Programme of the European Society of Cardiology: Poor
adherence to lifestyle recommendations in patients with coronary heart disease: results
from the EUROASPIRE surveys. European Journal of Preventive Cardiology (2021).
https://doi.org/10.1093 /eurjpc/zwabl15

Dierckx, K., Deveugele, M., Roosen, P., Devisch, I.: Implementation of Shared Decision
Making in Physical Therapy: Observed Level of Involvement and Patient Preference.
Physical Therapy 93(10), 1321-1330 (10 2013). https://doi.org/10.2522/ptj.20120286
Dinesen, B., Nonnecke, B., Lindeman, D., Toft, E., Kidholm, K., Jethwani, K., Young,
H.M., Spindler, H., Oestergaard, C.U., Southard, J.A., Gutierrez, M., Anderson, N., Albert,
N.M., Han, J.J., Nesbitt, T.: Personalized telehealth in the future: A global research
agenda. J Med Internet Res 18(3), €53 (Mar 2016). https://doi.org/10.2196/jmir.5257
Frederix, 1., Vanhees, L., Dendale, P., Goetschalckx, K.: A review of telerehabilitation
for cardiac patients. Journal of Telemedicine and Telecare 21(1), 45-53 (2015).
https://doi.org/10.1177/1357633X 14562732

Hansen, D., Coninx, K., Dendale, P.: The eapc expert tool. European Heart Journal
38(30), 2318-2320 (2017). https://doi.org/10.1093/eurheart]j/ehx396

Hansen, D., Dendale, P.; Coninx, K., Vanhees, L., Piepoli, M.F., Niebauer, J., Cornelissen,
V., Pedretti, R., Geurts, E., Ruiz, G.R., Corra, U., Schmid, J.P., Greco, E., Davos, C.H.,
Edelmann, F., Abreu, A., Rauch, B., Ambrosetti, M., Braga, S.S., Barna, O., Beckers,
P., Bussotti, M., Fagard, R., Faggiano, P., Garcia-Porrero, E., Kouidi, E., Lamotte,
M., Neunhéuserer, D., Reibis, R., Spruit, M.A., Stettler, C., Takken, T., Tonoli, C.,



14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

SharedHeart 17

Vigorito, C., Véller, H., Doherty, P.: The European Association of Preventive Cardiology
Exercise Prescription in Everyday Practice and Rehabilitative Training (EXPERT) tool:
A digital training and decision support system for optimized exercise prescription in
cardiovascular disease. European Journal of Preventive Cardiology 24(10), 1017-1031
(jul 2017). https://doi.org/10.1177/2047487317702042

Henselmans, 1., Heijmans, M., Rademakers, J., van Dulmen, S.: Participation of chronic
patients in medical consultations: patients’ perceived efficacy, barriers and interest in
support. Health expectations 18(6), 2375-2388 (2015)

Joosten, E.A.G., Defuentes-merillas, L., De Weert, G., Sensky, T., Van Der Staak, C.,
De Jong, C.: Systematic review of the effects of shared decision-making on patient
satisfaction, treatment adherence and health status. Psychotherapy and psychosomatics
77(4), 219-26 (05 2008)

Joseph-Williams, N., Elwyn, G., Edwards, A.: Knowledge is not power for patients: a
systematic review and thematic synthesis of patient-reported barriers and facilitators
to shared decision making. Patient education and counseling 94(3), 291-309 (2014).
https://doi.org/10.1016/j.pec.2013.10.031

Klasnja, P., Consolvo, S., McDonald, D.W., Landay, J.A., Pratt, W.: Using mobile &
personal sensing technologies to support health behavior change in everyday life: lessons
learned. In: AMIA Annual Symposium Proceedings. vol. 2009, p. 338. American Medical
Informatics Association (2009)

Kon, A.A.: The shared decision-making continuum. Jama 304(8), 903-904 (2010).
https://doi.org/10.1001/jama.2010.1208

Mampuya, W.M.: Cardiac rehabilitation past, present and future: an overview. Cardiovasc
Diagn Ther 2(1), 38-49 (2012). https://doi.org/10.3978 /j.issn.2223-3652.2012.01.02
Moore, S.M., Kramer, F.M.: Women’s and men’s preferences for cardiac rehabilitation
program features. Journal of Cardiopulmonary Rehabilitation and Prevention 16(3),
163-168 (1996)

Neubeck, L., Freedman, S.B., Clark, A.M., Briffa, T., Bauman, A., Redfern, J.:
Participating in cardiac rehabilitation: a systematic review and meta-synthesis of
qualitative data. European Journal of Preventive Cardiology 19(3), 494-503 (2012).
https://doi.org/10.1177/1741826711409326

Piepoli, M.F., Corra, U., Adamopoulos, S., Benzer, W., Bjarnason-Wehrens, B., Cupples,
M., Dendale, P., Doherty, P., Gaita, D., Hofer, S., McGee, H., Mendes, M., Niebauer,
J., Pogosova, N., Garcia-Porrero, E., Rauch, B., Schmid, J.P., Giannuzzi, P.: Secondary
prevention in the clinical management of patients with cardiovascular diseases. core
components, standards and outcome measures for referral and delivery: a policy statement
from the cardiac rehabilitation section of the european association for cardiovascular
prevention & rehabilitation. endorsed by the committee for practice guidelines of the
european society of cardiology. European journal of preventive cardiology 21(6), 664681
(2014). https://doi.org/10.1177/2047487312449597

Roffi, M., Patrono, C., Collet, J.P., Mueller, C., Valgimigli, M., Andreotti, F., Bax,
J.J., Borger, M.A., Brotons, C., Chew, D.P., Gencer, B., Hasenfuss, G., Kjeldsen, K.,
Lancellotti, P., Landmesser, U., Mehilli, J., Mukherjee, D., Storey, R.F., Windecker, S.,
ESC Scientific Document Group: 2015 ESC Guidelines for the management of acute
coronary syndromes in patients presenting without persistent ST-segment elevation: Task
Force for the Management of Acute Coronary Syndromes in Patients Presenting without
Persistent ST-Segment Elevation of the European Society of Cardiology (ESC). European
Heart Journal 37(3), 267-315 (01 2016). https://doi.org/10.1093/eurheart]j/ehv320
Sankaran, S., Luyten, K., Hansen, D., Dendale, P., Coninx, K.: Have you met
your mets?: Enhancing patient motivation to achieve physical activity targets in
cardiac tele-rehabilitation. In: Proceedings of the 32Nd International BCS Human
Computer Interaction Conference. pp. 48:1-48:12. HCI ’18, BCS Learning &+#38;



18

25.

26.

27.

28.

29.

C. Bonneux et al.

Development Ltd., Swindon, UK (2018). https://doi.org/10.14236/ewic/HCI2018.48,
https://doi.org/10.14236 /ewic/HCI2018.48

Smith, S.C., Benjamin, E.J., Bonow, R.O., Braun, L.T., Creager, M.A., Franklin, B.A.,
Gibbons, R.J., Grundy, S.M., Hiratzka, L.F., Jones, D.W., Lloyd-Jones, D.M., Minissian,
M., Mosca, L., Peterson, E.D., Sacco, R.L., Spertus, J., Stein, J.H., Taubert, K.A.:
Aha/accf secondary prevention and risk reduction therapy for patients with coronary
and other atherosclerotic vascular disease: 2011 update. Circulation 124(22), 2458-2473
(2011). https://doi.org/10.1161/CIR.0b013e318235eb4d

Stevenson, T.G., Riggin, K., Nagelkirk, P.R., Hargens, T.A., Strath, S.J., Kaminsky, L.A.:
Physical activity habits of cardiac patients participating in an early outpatient rehabilitation
program. Journal of cardiopulmonary rehabilitation and prevention 29(5), 299-303 (2009)
Stiggelbout, A.M., Van der Weijden, T., De Wit, M.P., Frosch, D., Légaré, F., Montori,
V.M., Trevena, L., Elwyn, G.: Shared decision making: really putting patients at the
centre of healthcare. BMJ 344, 28-31 (2012). https://doi.org/10.1136/bmj.e256

Task Force Members, Montalescot, G., Sechtem, U., Achenbach, S., Andreotti,
F.e.a.: 2013 ESC guidelines on the management of stable coronary artery disease:
The Task Force on the management of stable coronary artery disease of the FEuro-
pean Society of Cardiology. European Heart Journal 34(38), 2949-3003 (08 2013).
https://doi.org/10.1093 /eurheart]j/eht296, https://doi.org/10.1093 /eurheartj/eht296
Vanhees, L., Geladas, N., Hansen, D., Kouidi, E., Niebauer, J., Reiner, Z., Cornelissen,
V., Adamopoulos, S., Prescott, E., Borjesson, M.: Importance of characteristics and
modalities of physical activity and exercise in the management of cardiovascular health
in individuals with cardiovascular risk factors: recommendations from the eacpr (part
ii). European journal of preventive cardiology 19(5), 1005-1033 (2012)



