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Abstract

Background: In the absence of a cure for amyotrophic lateral sclerosis (ALS), a progressive neurodegenerative
disease, treatment consists of symptomatic management by a multidisciplinary healthcare team and is mainly
aimed at optimizing patients’ quality of life. Because the course of the disease is often erratic and varies between
patients, it is imperative for patients with ALS to be closely monitored. E-health innovations that can monitor
disease progression remotely have great potential to tailor the care to the needs of individual patients with ALS.
Therefore, the e-health innovation “ALS Home-monitoring and Coaching” was developed employing a user-
centered design process and implemented at the University Medical Center Utrecht, the Netherlands in 2017.
Because ALS Home-monitoring and Coaching was shown to be feasible and well received by patients and
healthcare professionals at University Medical Centre Utrecht, we aim to implement this e-health innovation
nationwide, starting with 10 ALS care teams in different rehabilitation settings spread across the Netherlands.

Methods: This research focuses on the implementation process and the user experiences with ALS Home-
monitoring and Coaching of both patients and healthcare professionals. We will use a participatory action research
approach, with the stakeholders involved in all stages of the implementation process. The implementation process
model of Grol and Wensing was used to structure and support planning, execution and evaluation of the
implementation strategy. The expected barriers and facilitators will be explored and identified in focus group
settings using the Theoretical Domains Framework. After that, each team will develop their own action plan with
strategies for how to resolve each barrier. The teams will include 5-10 ALS patients with whom they will test their
implementation plan and provide care with ALS Home-monitoring and Coaching for approximately 3 months.
(Continued on next page)
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Afterwards, the implementation and the user experiences will be evaluated with digital surveys based on the
evaluation framework of Proctor (e.g., acceptability, adoption, appropriateness).

Discussion: Using implementation theories, this study will provide inside in factors influencing implementation
outcomes and strategies that can be used to overcome barriers. This will enhance our understanding of how to
successfully implement e-health innovations in multidisciplinary care in rehabilitation settings.

Trial registration: Trial NL8542 registered at Netherlands Trial Register (trialregister.nl) on 15th April 2020.

Keywords: Implementation science, Telemedicine, Rehabilitation, Amyotrophic lateral sclerosis, Action research

Contributions to the literature

– To increase the possibility of a successful implementation, it

is important to not “reinvent the wheel again”, but to build

on existing implementation knowledge as much as possible.

Therefore, we used implementation theories to plan, execute

and evaluate the implementation strategy.

– Involving stakeholders in all stages of implementation is

recommended; therefore, we combined the implementation

theories with a participatory action research approach.

– It is anticipated that this study will contribute to our

understanding of how e-health innovations can successfully

be implemented in multidisciplinary care in rehabilitation set-

tings, which may support other implementation initiatives as

well.

Background
Context
Amyotrophic lateral sclerosis (ALS), progressive spinal
muscular atrophy (PMA), and primary lateral sclerosis
(PLS) are closely related progressive neurodegenerative
diseases for which no known cure exists yet. In this
paper, we use ALS as umbrella term for ALS, PMA and
PLS. Treatment consists of symptomatic management
by a multidisciplinary healthcare team and is mainly
aimed at optimizing patients’ quality of life and prolong-
ing survival [1, 2]. Because the course of the disease is
often erratic and varies between patients, it is imperative
for patients with ALS to be closely monitored in order
for the multidisciplinary health care team to be able to
provide the best care possible. Currently, patients are re-
quired to visit the clinic usually every 3–4months for
their check-ups by the multidisciplinary health care team
situated within a rehabilitation center or hospital. How-
ever, patients are not being monitored between visits,
which can have detrimental effects on the continuity of
multidisciplinary care these patients need. Moreover, for
many patients with ALS, it can be difficult to visit their
healthcare team, due to having difficulties with traveling
(long distances) and the amount of energy it costs to
spend long days at the clinic [3, 4]. To better tailor the

care to the needs of individual patients and to lessen the
burden for patients of having to travel to the clinic and
attend long and exhausting clinic days, e-health innova-
tions that can monitor disease progression remotely
have great potential [5].

ALS home-monitoring and coaching
Therefore, an e-health innovation called “ALS Home-
monitoring and Coaching” was developed in co-creation
with patients with ALS, caregivers, healthcare profes-
sionals, managers and information technologists. The de-
velopment of ALS Home-monitoring and Coaching was a
cyclic process which took into account the needs of the
end-users with a user-centered design approach [6].
In short, with this e-health innovation, patients can

keep track of their well-being, body weight and func-
tional status with a mobile application, and their mea-
surements are being monitored by a healthcare coach
(i.e., a nurse practitioner or occupational therapist) fol-
lowing a standardized protocol based on ALS guidelines.
The key features of ALS Home-monitoring and Coach-
ing are shown in Fig. 1.

Self-monitoring with a mobile app
The self-monitoring app (Philips Vital Health, the
Netherlands) can be downloaded from Google Play and
the App Store and can be used on a smartphone and a
tablet. A web-based version of the app can be used on a
personal computer. After the healthcare coach has cre-
ated an account for a patient, the patient can use the
app to monitor their own health status, by assessing
their well-being, body weight, and functional status. To
assess well-being, patients are asked to answer the ques-
tion “How are you today?” with a score from 1 to 10.
Additionally, they can elaborate on the score by adding a
comment in the app. To assess body weight, patients are
asked to weigh themselves and to enter the data in the
app. To assess functional status, patients are asked to
complete the Amyotrophic Lateral Sclerosis Functional
Rating Scale-Revised (ALSFRS-R) in the app [7, 8]. The
questionnaire consists of 12 questions measuring the
extent to which patients are capable and independent
in performing 12 functional activities, e.g., walking,
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swallowing, and writing. Answer categories range
from [4] no loss of function to [1] total loss of func-
tion. The default setting for the frequency of mea-
surements is daily for well-being, weekly for body
weight, and monthly for functional status. The fre-
quency of the measurements can be adjusted at the
discretion of the patients. Completed measurements
will automatically be transmitted to a central server,
from where it can be viewed by the healthcare profes-
sionals of the ALS care team. Patients can always
view their own data in the app.

Alerts
The e-health program has an alert system built in that no-
tifies the healthcare coach whenever there is a significant
deterioration in well-being or body weight. The healthcare
coach monitors these alerts and discusses them with the
multidisciplinary care team when necessary.

Message function
The message function within the app allows patients and
the healthcare coach to contact each other in an easily
accessible way. Patients can use the message function to
discuss and ask questions about, e.g., symptoms and
treatment options, but the message function can also be
used to ask for a consultation with one of the healthcare
providers of the ALS care team. The healthcare provider
aims to respond to questions within three working days.
Although the messages will be regularly checked by one

of the healthcare providers, the message function is not
suitable for emergencies. This is explained to the pa-
tients when they start using the app.

Monthly monitoring by healthcare coach
A healthcare professional from the multidisciplinary
ALS care team who is trained in monitoring and coach-
ing for ALS Home-monitoring and Coaching (i.e., nurse
practitioner, occupational therapist) checks and follows
up on the alerts and messages and evaluates the individ-
ual health status data of the patients. This healthcare
coach will always work closely together with the physiat-
rist and uses a standardized monitoring and care proto-
col based on ALS guidelines. The protocol specifies the
correct response to specific changes in functioning, what
topics should be discussed with one of the other health-
care professionals of the multidisciplinary care team, and
if and when a referral to one of the other healthcare pro-
fessionals for a face-to-face consultation is necessary.
Each month, the healthcare coach sends a message in
the app with personalized feedback and they have the
opportunity to share other additional relevant informa-
tion via the app with the patient.

Feasibility and user experiences
After a small successful pilot study (N = 10), ALS
Home-monitoring and Coaching was implemented in
the ALS clinic of the University Medical Centre Utrecht,
the Netherlands, in 2017, where it is now fully integrated

Fig. 1 The key features of ALS Home-monitoring and Coaching (adapted from Figure 1, Helleman et al. [5])
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in the usual care for patients with ALS [9]. After it had
been used for approximately 18 months, Helleman et al.
evaluated the user experiences with ALS Home-
monitoring and Coaching [5]. They concluded that the
adoption rate was high; 80% of the patients choose for
ALS Home-monitoring and Coaching. They also found
that the adherence was good, especially for the weekly
body weight measurements and the monthly functional
status measurements. The vast majority of patients (83%
and 87%, respectively) completed ≥ 50% of the agreed-
upon body weight measurements and ≥ 75% of the
agreed-upon functional status measurements. Even
though some patients experienced some technical prob-
lems with logging on and some did not like being con-
fronted by decreasing ALSFRS-R scores, the user
experiences were mainly positive. The vast majority of
patients perceived ALS Home-monitoring and Coaching
as positive, helpful, easy, not time-consuming, and not
burdensome and almost everyone would recommend
other patients to use ALS Home-monitoring and Coach-
ing. They experienced more control over care and val-
ued the flexible consultations. Helleman et al. showed
that healthcare professionals were mainly positive about
ALS Home-monitoring and Coaching as well [5].

Study focus: implementation
E-health, and especially remote monitoring, is still rela-
tively new in the world of rehabilitation. Because ALS
Home-monitoring and Coaching was shown to be feas-
ible and well received by patients and healthcare profes-
sionals at the University Medical Centre Utrecht, we aim
to implement this e-health innovation nationwide, start-
ing with 10 ALS care teams in different rehabilitation
settings (university hospital, regional hospital, rehabilita-
tion center), spread across the Netherlands. This re-
search focuses on the implementation process and the
user experiences of both patients and healthcare profes-
sionals with ALS Home-monitoring and Coaching. We
will use a participatory action research approach and an
implementation process model to implement, an imple-
mentation determinant framework to understand what
influences the implementation outcomes in our project,
and an evaluation framework to evaluate the implemen-
tation and the user experiences (described in more detail
below). The main research questions are as follows: (1)
Can ALS Home-monitoring and Coaching successfully
be implemented in different rehabilitation settings? (2)
What are the most common facilitators and barriers for
implementing ALS Home-monitoring and Coaching in a
rehabilitation setting? (3) Which implementation strat-
egies are most successful in which context? (4) To what
extent is ALS Home-monitoring and Coaching feasible,
acceptable, and usable for patients and healthcare
professionals?

Methods/design
Ethics and study registration
Ethical approval for this study was waived by the Re-
search Ethics Committee of the University Medical
Centre Utrecht (20-204/C), and the study is registered in
the Netherlands Trial Register (NL8542, 2020-04-15).

Implementation settings
The total number of patients with ALS in the
Netherlands is approximately 1500. The care for these
patients is divided over 38 multidisciplinary ALS care
teams of rehabilitation centers that are affiliated with the
ALS Care Network. The ALS Care Network is a nation-
wide healthcare network with a mission to provide the
best care possible for patients with ALS, PMA, or PLS.
In the Netherlands, the settings in which those ALS care
teams operate vary from small regional hospitals, to
large university medical centers, to rehabilitation centers.
The settings vary not only in the number of patients in
care, but also in organizational and financial structures
and resources. For this project, 12 ALS care teams were
selected based on their setting (university hospital, re-
gional hospital, rehabilitation center), geographical loca-
tion in The Netherlands (urban/rural), and number of
patients with ALS/PMA/PLS in care of whom 10 con-
sented to participate.
Each participating center will compose of a project

team, consisting of the main stakeholders including the
physiatrist(s) of the ALS care team; two or three allied
health professionals (i.e., one of them will become the
healthcare coach, and one allied health professional will
fulfill the role of knowledge broker); the manager of the
rehabilitation center or department; one scheduler;
someone who will become the administrator of the plat-
form and can provide technical assistance if necessary;
one or two ALS/PMA/PLS patients; and one or two in-
formal caregivers. The project team will be informed of
the details of ALS Home-monitoring and Coaching and
the implementation process.

Implementation strategy
The implementation strategy we have chosen for this
project is guided by the implementation process model
by Grol and Wensing [10] coupled with an exemplarian
participatory action research approach [11]. The process
model of Grol and Wensing is a “how-to-implement”
model, based on multiple theories of behavioral change
related to individuals, and the influence of social,
organizational, and economic context [10]. It consists of
five steps:

1) Development of concrete proposal/targets for
improvement or change
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2) Analysis of current performance, target group, and
setting

3) Development/selection of strategies and measures
to change practice

4) Development, testing, and execution of
implementation plan

5) (Continuous) evaluation and (where necessary)
adapting plan

We have used this framework to structure and support
planning and execution and evaluation of the implemen-
tation strategy and combined it with an exemplarian
participatory action research (PAR) approach [11]. Ac-
cording to Baum et al. “PAR seeks to understand and
improve the world by changing it” (page 854) [12]. This
approach is based on reflection, data collection, and ac-
tion by the people who will be affected by the intended
changes and the researchers with the main goals of un-
derstanding and changing the current situation. Re-
search has shown that this type of co-creation, where
researchers collaborate with the people who will be

affected by the intended changes, is beneficial for the
implementation of an innovation in health systems [13,
14]. Because end-users will be involved in the implemen-
tation project, they are likely to feel more ownership and
responsibility for the innovation. Furthermore, they can
reflect on their own actions and they will learn what the
success factors are, which in turn will support the sus-
tainable implementation of ALS Home-monitoring and
Coaching within their own organization.
The implementation process is divided in to three

main phases: thematic phase, crystallization phase, and
exemplary phase. How these phases relate to the five
steps of the process model by Grol and Wensing and
how each phase and step is operationalized in our pro-
ject is illustrated in Fig. 2.
The thematic phase is a diagnostic phase. In this

phase, we will organize focus groups with each project
team to make an inventory of the current situation, the
target group, the targets for change, and to analyze the
barriers and facilitators the project teams expect to en-
counter when implementing ALS Home-monitoring and

Fig. 2 The implementation process
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Coaching within their own organization. The Theoretical
Domain Framework (TDF) was used to develop the topic
guide for the focus groups. The TDF combines 33 be-
havioral change theories relevant to implementation and
divides the constructs from those theories into 14
domains that explain the potential determinants of be-
havior [15–18]. The topic guide includes a set of semi-
structured, open-ended questions and prompts asking
the project team about among others their knowledge,
skills, beliefs about consequences, and the environmental
context regarding ALS Home-monitoring and Coaching
and how those domains may influence the implementa-
tion within their own organization. The focus groups
will be recorded and all audio recordings will be tran-
scribed verbatim and anonymized. The researcher(s) will
analyze the data from focus group transcripts thematic-
ally, using both a deductive and inductive approach, to
order the expected barriers and facilitators [19]. This will
be summarized in a report that will be returned to the
project team for comments or corrections.
In the crystallization phase, the identified barriers and

facilitators will be discussed with the project team. The
project team will be invited to develop a concrete action
plan with strategies for how to resolve each barrier.
There are two strategies that will be included in each ac-
tion plan, i.e., (1) adapting the monitoring and care
protocol to local factors, and (2) training of the health-
care coach. Although the monitoring and care protocol
is based on existing (multidisciplinary) guidelines and
thus aspires a uniform working method, each team is
allowed to make adjustments to improve the applicabil-
ity within their own ALS care team. Those changes can
be related to, e.g., the referral to other disciplines in-
and outside the ALS care team and the provision of in-
formation to their patients. The healthcare coaches will
be trained by the research team with assistance of an ex-
perienced healthcare coach of the initial location (the
University Medical Centre Utrecht).
The project teams will be allowed at least 4 weeks to

realize the preconditions necessary for the exemplary
phase. In the exemplary phase, the teams will have ap-
proximately 3 months to test and execute their implemen-
tation plan. Each team will include 5-10 ALS patients with
whom they will try ALS Home-monitoring and Coaching
in a pilot study. After 3 months, participating patients and
their healthcare providers will be asked to participate in
the evaluation study and, if willing, they will be sent a
digital survey in order to assess implementation outcomes
and user experiences. The research team will evaluate the
implementation and user experiences and will organize
feedback meetings with the ALS care teams to show and
discuss the results, after which the ALS care teams can
adapt their implementation plan where necessary before
providing this type of care to all their patients with ALS.

Evaluation
Midterm evaluation
For a successful implementation, it is important to evalu-
ate regularly and adapt plans when necessary. Therefore,
we will stay in touch with the teams on an informal basis
to monitor how the implementation process is going. At
approximately 6 weeks after the start of the pilot (exem-
plary) phase, we will plan a formal midterm evaluation
with each team to discuss by phone: (1) What is going
well?, (2) What is not going well yet?, and (3) What do
they need? This can trigger the teams to slightly tweak
their implementation strategies if necessary.

Final evaluation
To evaluate the success of the implementation, we will
use the evaluation framework by Proctor et al. [20] com-
bined with the telemedicine technology acceptance
model by Chau et al. [21] to assess the technological ac-
ceptance and the System Usability Scale (SUS) to assess
the usability of the app and platform. Data will be col-
lected with an online survey that will be distributed
among patients and healthcare providers of the ALS care
team approximately 3 months after the patients having
started with ALS Home-monitoring and Coaching (See
Additional files 1 and 2). In addition, app measurements,
registration systems, and field notes will be used to col-
lect relevant data (detailed below).

Implementation outcomes The evaluation framework
by Proctor et al. consists of the following implementa-
tion outcomes: acceptability, adoption, appropriateness,
costs, feasibility, fidelity, penetration and sustainability
[20]. The costs, penetration (“the integration of a prac-
tice within a service setting and its subsystems” Proctor
et al. 2011, page 70), and sustainability (“the extent to
which a newly implemented treatment is maintained or
institutionalized within a service setting’s ongoing, stable
operations” Proctor et al. 2011, page 70) will not be part
of the final evaluation of this implementation project be-
cause the follow-up period is too short to be able to
measure those three implementation outcomes. Never-
theless, we hope we can evaluate the costs, penetration,
and sustainability of ALS Home-monitoring and Coach-
ing sometime in the future. The other implementation
outcomes are described below.

Acceptability
Acceptability is the perception of the patients and
healthcare providers that various aspects of ALS Home-
monitoring and Coaching (e.g., content, complexity,
comfort, delivery and credibility) are to their satisfaction,
based on their own experience and from their own point
of view. Acceptability will be assessed by questionnaire
with questions such as “How satisfied are you with the
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care you’ve received as part of ALS Home-monitoring
and Coaching?” and “How satisfied are you with the ALS
app?”. See Additional files 1 and 2 for the full
questionnaires.

Adoption
Adoption of ALS Home-monitoring and Coaching, or
the uptake, can be assessed at two levels, i.e.,
organizational and patients’ level. First, to assess the
adoption at the organizational level, we will assess how
many ALS care teams were approached, how many
teams intended to participate, and how many teams
completed the full implementation process. Second, to
assess adoption at the patients’ level, each team will keep
track of the total number of patients approached to par-
ticipate in ALS Home-monitoring and Coaching, how
many patients intended to participate and how many pa-
tients stopped prematurely.

Appropriateness
Appropriateness relates to the extent that patients and
healthcare providers feel ALS Home-monitoring and
Coaching fits within their setting, how compatible it is
with their current work/care methods and whether they
find it relevant. It will be assessed by questionnaire with
statements such as “The way I receive care with ALS
Home-monitoring and Coaching meets my care needs”
and “An e-health concept of care such as ALS Home-
monitoring and Coaching fits within my organization”
with answer categories ranging from totally agree to to-
tally disagree.

Feasibility
The feasibility of ALS Home-monitoring and Coaching,
according to patients and healthcare providers, tells
something about the extent to which they think the pro-
gram can successfully be used within their specific con-
text [20], in other words, whether it is suitable for
everyday use. We will assess the feasibility by question-
naire with statements such as “The use of ALS Home-
monitoring and Coaching quickly becomes routine” and
“I often forget to open and use the ALS app” with an-
swer categories ranging from totally agree to totally
disagree.

Fidelity
The degree to which ALS Home-monitoring and Coach-
ing has been implemented in each participating rehabili-
tation center as it was intended is defined as fidelity [20,
22]. We will keep track of any deviations from the ori-
ginal implementation plans that may happen, as well as
any possible changes to the concept of ALS Home-
monitoring and Coaching. Adherence is part of fidelity,
and in our study, this is defined as the extent to which

the healthcare providers used the platform, how often
they completed the planned monitoring sessions, how
many patients completed the pilot phase, and to what
extent patients completed the number of measurements
that were agreed upon at the start. This data will be
downloaded from the platform.

Technology acceptance
Technology acceptance can be interpreted as the psy-
chological state of a person regarding their voluntary or
intended use of a certain technology [23]. To further
examine the technology acceptance of ALS Home-
monitoring and Coaching by patients and their health-
care providers, we will use the (revised) telemedicine
technology acceptance model by Chau et al. [21]. This
model is based on the Technology Acceptance Model
(TAM) and the Theory of Planned Behavior (TPB) [24,
25]. According to the TAM, someone’s intention to use
a particular technology depends on attitude, perceived
usefulness, and perceived ease of use [21, 25]. According
to the TPB, there is another important determinant that
influences behavioral intention, i.e., perceived behavioral
control [21, 24]. The technology acceptance model of
Chau et al. used both models as a theoretical basis and
theorizes that an individual’s technology acceptance is
influenced by factors related to the (1) individual context
(i.e., attitude, perceived technology control), (2) the
technological context (i.e., perceived usefulness, per-
ceived ease of use), and (3) the implementation context
(i.e., compatibility with current work practices, peer in-
fluence). Chau et al. developed several question items to
assess the aforementioned constructs, which we slightly
adapted to the specific context and translated to Dutch.
Additional question items to further operationalize the
constructs were self-developed and adapted from litera-
ture [23]. To assess patients’ and healthcare providers’
technology acceptance of ALS Home-monitoring and
Coaching, we have added all those question items to the
online evaluation surveys. See Additional files 1 and 2
for the full questionnaires.

Usability (SUS)
To examine the usability of the ALS Home-monitoring
and Coaching platform, we will use the Dutch version of
the System Usability Scale (SUS) [26, 27] and several
self-developed questions. See Additional file 2 for the
full questionnaire. The SUS is a simple Likert scale that
is often used to provide a global view of subjective as-
sessment of usability. It consists of 10 items and answer
categories range from [1] totally disagree to [5] totally
agree. A total score will be calculated and can range
from 0 to 100, with higher scores indicating a favorable
usability.
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Analyses
We will use a mixed methods approach to evaluate the
implementation process and outcomes.
Qualitative methods will be used to understand the

specific contexts, the expected barriers and facilitators,
which adaptations were made to ALS Home-monitoring
and Coaching to fit each context, which changes were
made to the original implementation plan (fidelity), and
which implementation strategies were used. Data from
focus group transcripts, open-ended survey questions,
and field notes will be thematically analyzed, taking both
a deductive and inductive approach [19]. We will start
with a deductive approach using the Theoretical Domain
Framework to inform the initial coding scheme and we
will further explore unanticipated themes using an in-
ductive approach [15–18].
Quantitative methods (descriptive statistics, e.g., fre-

quencies, means, medians) will be used to assess the fol-
lowing outcomes: acceptability, adoption, appropriateness,
feasibility, adherence, technological acceptance, and
usability.

Timeline
The duration of the total project is 18 months. The indi-
vidual implementation process for each participating
team takes 5–6 months. The implementation takes
places in three cycles, with 3–4 teams per cycle. The
start of the implementation process of one cycle is 3–4
months after the start of the previous cycle. The imple-
mentation process is divided in three main phases: the-
matic phase, crystallization phase, and exemplary phase
(as described above). The thematic and crystallization
phase together span approximately 2 months and the ex-
emplary phase will be 3 months. The midterm evalu-
ation within each cycle will take place approximately 6
weeks after the start of the exemplary phase. The final
evaluation of each cycle will take place at the end of the
exemplary phase. See Fig. 3 for a schematic representa-
tion of the project timeline.

Discussion
E-health innovations are becoming increasingly import-
ant in healthcare, but it is imperative to learn how opti-
mal uptake of such innovations in daily clinical practice
can be ensured in order to provide the best care possible
to patients tailored to their needs. To be able to learn
this and to explain the reasons how and why an imple-
mentation succeeds or fails, a thorough theoretical ap-
proach to implementation is imperative [28]. By using
implementation theories to structure and support plan-
ning, execution and evaluation of the implementation of
ALS Home-monitoring and Coaching, the current study
adds to the literature on identifying factors contributing
to implementation success and identifying strategies that

will lead to a more successful implementation. More
specifically, this research will enhance our understanding
of how to successfully implement e-health innovations
in multidisciplinary care in rehabilitation settings.
In addition, this implementation study will lead to

quality improvement of the care for patients with ALS in
the ten participating centers, especially because the care
will be more tailored to the patients’ needs. The results
of this study will also be useful for the remaining ALS
care teams in the Netherlands, and beyond, because a
comprehensive implementation guide based on the ag-
gregated results and experiences of the 10 participating
centers will be written and made available on the ALS
website (https://www.als-centrum.nl/). The implementa-
tion guide can be used by every ALS care team to imple-
ment or scale up ALS Home-monitoring and Coaching
within their own setting. Moreover, the innovation and
the acquired knowledge regarding the implementation
may be applicable for other diagnoses as well.
The number of e-health innovations has been increas-

ing rapidly since the term e-health was first introduced
in 1999 [29, 30], but this is the first time an e-health
innovation is being implemented in a nationwide ALS
care network [31]. E-health innovations that can monitor
disease progression of ALS patients have great potential
to better tailor the care to the needs of individual pa-
tients and to lessen the burden for patients of having to
travel to the clinic and attend long and exhausting clinic
days, but, nevertheless, we face several challenges (per-
sonal, organizational and societal) with implementing
ALS Home-monitoring and Coaching. One of the chal-
lenges is the multidisciplinary nature of the ALS care
teams with many people involved in the care of the ALS
patients, including physiatrists, physical, speech, and oc-
cupational therapists. This means that a large number of
people will be affected by the innovation. Another chal-
lenge for this implementation is that the ALS care teams
are situated in different rehabilitation settings (i.e., aca-
demic hospitals, regional hospitals, rehabilitation cen-
ters) with each their own and distinct organizational and
financial structures and resources. A third challenge is
the fact that the implementation takes place amidst the
COVID-19 pandemic that the world is currently facing.
As a result of the pandemic, there are now new barriers
for patients with ALS to receive in-clinic multidisciplin-
ary care, in addition to the difficulties patients already
face to travel to and attend in-clinic visits for example
due to mobility limitations or because of the distance to
the ALS center [3, 32]. The COVID-19 pandemic has in-
creased the sense of urgency to develop and implement
e-health innovations, so patients with ALS can be moni-
tored remotely and are able to receive the care they need
even when they are not able to visit the multidisciplinary
care team in person [32]. However, the COVID-19
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pandemic has presented us with some practical chal-
lenges for the implementation of ALS Home-monitoring
and Coaching, one of these being unable to conduct the
focus groups with all participants being present in the
same room.

Strengths and limitations
The use of implementation theories to structure and
support planning, execution, and evaluation of the im-
plementation of ALS Home-monitoring and Coaching
is one of the main strengths of this study. Another
strength is the participatory action research approach.
Patients and their caregivers have not only been in-
volved in the development of ALS Home-monitoring
and Coaching [5, 9], but they are also involved in each
step of the implementation process. They will be the
end-users of the innovation and they can provide a
unique and complementary perspective based on their
own expertise and experiences [33]. Also other people
who will be affected by the intended changes, such as
physiatrists, allied health professionals, managers, and
schedulers will be involved in the implementation
process. Research has shown that this type of co-
creation is beneficial for the implementation of an
innovation in health systems [13, 14]. Because end-
users will be involved in the implementation project
with this bottom-up approach, they are likely to feel
more ownership and responsibility for the innovation
which will empower them to achieve change [34]. Fur-
thermore, the participatory action research approach
will facilitate the teams with the tools to reflect on and
learn from their own actions and the success factors;
information and experience that they can use for scal-
ing up ALS Home-monitoring and Coaching within
their own setting. We will use both qualitative (e.g.,

focus groups) and quantitative (e.g., online surveys, app
data) research methods to evaluate the implementation,
which is another strength of this study.
There are also a few limitations that need to be taken

into account. ALS Home-monitoring and Coaching will
be implemented following the same implementation
strategy (as described in this paper) in each of the ten
participating centers and as such no comparisons can be
made between different implementation strategies. Also,
we have chosen to implement the platform as a stand-
alone platform, despite knowing that integration with
the existing electronic patient records would probably
facilitate sustainable implementation [35]. In the
Netherlands, multiple electronic patient record systems
are being used in rehabilitation. Consequently, there is
no one-size-fits-all approach to integrate the ALS
Home-monitoring and Coaching platform with the elec-
tronic patient record systems of the ten participating
ALS care teams. The technical integration was deemed
too challenging to be part of this implementation pro-
ject. It will need to be addressed in the future. The high
costs that are involved in building and maintaining e-
health platforms are often important barriers for sustain-
able implementation in daily clinical practice [31]. Al-
though the costs for the ALS Home-monitoring and
Coaching platform for the ten participating centers are
covered until December 2021 by the research grant, the
financial coverage is not yet guaranteed for the future.
This uncertainty might prevent the participating centers
to fully commit to the changes working with ALS
Home-monitoring and Coaching will require of them.
Meanwhile, we will explore options for structured and
more permanent funding by health insurance providers,
patient organizations, and/or hospitals or rehabilitation
centers.

Fig. 3 Project timeline
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Conclusion
It is anticipated that by using implementation theories
coupled with a participatory action research approach
this study will provide inside in factors influencing im-
plementation outcomes and strategies that can be used
to overcome barriers. More specifically, this study will
enhance our understanding of how to successfully im-
plement e-health innovations in multidisciplinary care in
rehabilitation settings. This knowledge may support
other implementation initiatives within healthcare
settings.

Abbreviations
ALS : Amyotrophic lateral sclerosis; ALSFRS-R : Amyotrophic Lateral Sclerosis
Functional Rating Scale-Revised; N: Sample size; PAR: Participatory action
research; PLS: Primary lateral sclerosis; PMA: Progressive spinal muscular
atrophy; SUS: System Usability Scale; TAM: Technology Acceptance Model;
TDF: Theoretical Domain Framework; TPB: Theory of Planned Behavior

Acknowledgements
The authors thank the ten participating organizations (Revant Rehabilitation
Centers, Revant Centre Breda; Basalt Rehabilitation, Leiden/The Hague;
Noordwest Ziekenhuisgroep, Alkmaar/Den Helder; Radboud University
Medical Center, Department of Rehabilitation, Nijmegen; Amsterdam
University Medical Center, Department of Rehabilitation, Amsterdam;
Vogellanden Center for Rehabilitation, Zwolle; Rijndam Rehabilitation
Rotterdam; Department of Rehabilitation Medicine, Erasmus MC University
Medical Center, Rotterdam; Libra Rehabilitation and Audiology, Eindhoven/
Tilburg; Roessingh Center for Rehabilitation, Enschede) for agreeing to
participate in this implementation study. The authors also wish to thank
Marja Slappendel for her assistance with training and supporting the
healthcare coaches.
The named authors present the study on behalf of the Study Group ALS
Home-monitoring and Coaching which comprises: Anne Visser-Meily (PI),
Anita Beelen (Study Group contact: J.A.J.Beelen@umcutrecht.nl), Jim van Os,
Leonard van den Berg, Conny van der Meijden, Vincent Cornelissen, Marietta
Eimers, Anja Horemans, Esther Kruitwagen, Janneke Sterk, Laura Peeters, and
Manon Dontje.

Authors’ contributions
EK, JMAV, and AB conceived and designed the study and acquired the
necessary funding, and together with MLD wrote and refined the study
protocol. MLD drafted the original manuscript. All authors have been
involved in revising it critically, and they have read and approved the final
manuscript.

Funding
This study was supported by grants from the Netherlands Organization for
Health Research and Development (ZonMw, project number 80-83935-98-
025 / 516006009) and the Netherlands ALS foundation (Stichting ALS Neder-
land, project number 2016-51).

Availability of data and materials
Not applicable.

Ethics approval and consent to participate
Ethical approval for this study was waived by the Research Ethics Committee
of the University Medical Centre Utrecht (20-204/C) and the study is
registered in the Netherlands Trial Register (NL8542, 2020-04-15).

Consent for publication
Not applicable.

Competing interests
All authors declare that they have no competing interests.

Received: 10 February 2021 Accepted: 15 February 2021

References
1. Zarei S, Carr K, Reiley L, Diaz K, Guerra O, Altamirano PF, et al. A

comprehensive review of amyotrophic lateral sclerosis. Surg Neurol Int.
2015;6:171.

2. Hobson EV, McDermott CJ. Supportive and symptomatic management of
amyotrophic lateral sclerosis. Nat Rev Neurol. 2016;12(9):526–38.

3. Schellenberg KL, Hansen G. Patient perspectives on transitioning to
amyotrophic lateral sclerosis multidisciplinary clinics. J Multidiscip Healthc.
2018;11:519–24.

4. Stephens HE, Young J, Felgoise SH, Simmons Z. A qualitative study of
multidisciplinary ALS clinic use in the United States. Amyotroph Lateral Scler
Frontotemporal Degener. 2015;17(1-2):55–61.

5. Helleman J, Van Eenennaam R, Kruitwagen ET, Kruithof WJ, Slappendel MJ.
Van Den Berg, Leonard H., et al. Telehealth as part of specialized ALS care:
feasibility and user experiences with “ALS home-monitoring and coaching”.
Amyotroph Lateral Scler Frontotemporal Degener. 2020;21(3-4):183–92.

6. De Vito DA, Myers BA, Mc Curry KR, Dunbar-Jacob J, Hawkins RP, Begey A,
et al. User-centered design and interactive health technologies for patients.
Comput Inform Nurs. 2009;27(3):175–83.

7. Bakker LA, Schröder CD, Tan HHG, Vugts SMAG, van Eijk RPA, van Es MA,
et al. Development and assessment of the inter-rater and intra-rater
reproducibility of a self-administration version of the ALSFRS-R. J Neurol
Neurosurg Psychiatry. 2020;91(1):75–81.

8. Cedarbaum JM, Stambler N, Malta E, Fuller C, Hilt D, Thurmond B, et al. The
ALSFRS-R: a revised ALS functional rating scale that incorporates
assessments of respiratory function. BDNF ALS study group (phase III). J
Neurol Sci. 1999;169(1-2):13–21.

9. Willems M, Reiff E, Kruitwagen E, van den Berg L, Visser-Meily JMA, Schröder
C. Pilot thuismonitoren bij ALS. Nederlands Tijdschrift Voor
Revalidatiegeneeskunde. 2017;39:51–4.

10. Grol R, Wensing M, Eccles M. Improving patient care: the implementation of
change in clinical practice. Edinburgh: Elsevier; 2005.

11. Coenen H, Khonraad S. Inspirations and aspirations of exemplarian action
research. J Community Appl Soc Psychol. 2003;13(6):439–50.

12. Baum F, MacDougall C, Smith D. Participatory action research. J Epidemiol
Community Health. 2006;60(10):854.

13. Jull J, Giles A, Graham ID. Community-based participatory research and
integrated knowledge translation: advancing the co-creation of knowledge.
Implement Sci. 2017;12(1):150.

14. Jagosh J, Macaulay AC, Pluye P, Salsberg J, Bush PL, Henderson J, et al.
Uncovering the benefits of participatory research: implications of a realist
review for health research and practice. Milbank Q. 2012;90(2):311–46.

15. Michie S, Johnston M, Abraham C, Lawton R, Parker D, Walker A, et al.
Making psychological theory useful for implementing evidence based
practice: a consensus approach. Qual Saf Health Care. 2005;14(1):26–33.

16. Cane J, O'Connor D, Michie S. Validation of the theoretical domains
framework for use in behaviour change and implementation research.
Implement Sci. 2012;7:37.

17. Huijg JM, Gebhardt WA, Dusseldorp E, Verheijden MW, van der Zouwe N,
Middelkoop BJC, et al. Measuring determinants of implementation behavior:
psychometric properties of a questionnaire based on the theoretical
domains framework. Implement Sci. 2014;9:33.

18. Atkins L, Francis J, Islam R, O'Connor D, Patey A, Ivers N, et al. A guide to
using the theoretical domains framework of behaviour change to
investigate implementation problems. Implement Sci. 2017;12(1):77 -017-
0605-9.

19. Braun V, Clarke V. Succesfull qualitative research: a practical guide for
beginners. London: SAGE Publications; 2013.

20. Proctor E, Silmere H, Raghavan R, Hovmand P, Aarons G, Bunger A, et al.
Outcomes for implementation research: conceptual distinctions,
measurement challenges, and research agenda. Adm Policy Ment Health.
2011;38(2):65–76.

21. Chau PYK, Hu PJ. Examining a model of information technology acceptance
by individual professionals: an exploratory study. J Manage Inf Syst. 2002;
18(4):191–229.

22. Dusenbury L, Brannigan R, Falco M, Hansen WB. A review of research on
fidelity of implementation: implications for drug abuse prevention in school
settings. Health Educ Res. 2003;18(2):237–56.

Dontje et al. Implementation Science Communications            (2021) 2:25 Page 10 of 11

mailto:J.A.J.Beelen@umcutrecht.nl


23. de Graaf M, Totte J, Breugem C, van Os-Medendorp H, Pasmans S.
Evaluation of the compliance, acceptance, and usability of a web-based
eHealth intervention for parents of children with infantile hemangiomas:
usability study. JMIR Res Protocols. 2013;2(2):e54.

24. Ajzen I. The theory of planned behavior. Organ Behav Hum Decis Process.
1991;50(2):179–211.

25. Davis FD. Perceived usefulness, perceived ease of use, and user acceptance
of information technology. MIS Q. 1989;13(3):319–40.

26. Brooke J. SUS: a ‘quick and dirty’ usability scale. In: Jordan PW, Thomas B,
McClelland IL, Weerdmeester B, editors. Usability evaluation in industry.
London: Taylor & Francis; 1996. p. 189–94.

27. Jansen Kosterink S, Huis M, Veld R, Wever D, Hermens H, Vollenbroek
Hutten M. Differences in use of a exercise-based tele-rehabilitation service
delivered as substitute of or supplement to conventional care. In:
Proceedings of the sixth international symposium on e-health services and
technologies and the third international conference on green IT solutions;
2012. p. 44–51.

28. Nilsen P. Making sense of implementation theories, models and frameworks.
Implement Sci. 2015;10:53-015-0242-0.

29. Mitchell J. From Telehealth to e-health: the unstoppable rise of e-health.
Canberra: Department of Communications, Information Technology and the
Arts; 1999.

30. World Health Organization. From innovation to implementation: eHealth in
the WHO European region; 2016.

31. Helleman J, Kruitwagen ET, van den Berg LH, Visser-Meily J, Beelen A. The
current use of telehealth in ALS care and the barriers to and facilitators of
implementation: a systematic review. Amyotroph Lateral Scler
Frontotemporal Degener. 2020;21(3-4):167–82.

32. Pinto S, Quintarelli S, Silani V. New technologies and amyotrophic lateral
sclerosis - which step forward rushed by the COVID-19 pandemic? J Neurol
Sci. 2020;418:117081.

33. Smits DW, van Meeteren K, Klem M, Alsem M, Ketelaar M. Designing a tool
to support patient and public involvement in research projects: the
involvement matrix. Res Involv Engagem. 2020;6:30-020-00188-4 eCollection
2020.

34. Ogunlayi F, Britton P. Achieving a ‘top-down’ change agenda by driving
and supporting a collaborative ‘bottom-up’ process: case study of a large-
scale enhanced recovery programme. BMJ Open Qual. 2017;6(2):e000008
2017-000008. eCollection 2017.

35. Bauer MS, Krawczyk L, Tuozzo K, Frigand C, Holmes S, Miller CJ, et al.
Implementing and sustaining team-based Telecare for bipolar disorder:
lessons learned from a model-guided, mixed methods analysis. Telemed J E
Health. 2018;24(1):45–53.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Dontje et al. Implementation Science Communications            (2021) 2:25 Page 11 of 11


	Abstract
	Background
	Methods
	Discussion
	Trial registration

	Background
	Context
	ALS home-monitoring and coaching
	Self-monitoring with a mobile app
	Alerts
	Message function
	Monthly monitoring by healthcare coach
	Feasibility and user experiences
	Study focus: implementation

	Methods/design
	Ethics and study registration
	Implementation settings
	Implementation strategy
	Evaluation
	Midterm evaluation
	Final evaluation
	Acceptability
	Adoption
	Appropriateness
	Feasibility
	Fidelity
	Technology acceptance
	Usability (SUS)

	Analyses
	Timeline

	Discussion
	Strengths and limitations

	Conclusion
	Abbreviations
	Acknowledgements
	Authors’ contributions
	Funding
	Availability of data and materials
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	References
	Publisher’s Note

