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RESEARCH ARTICLE

Telehealth as part of specialized ALS care: feasibility and user
experiences with “ALS home-monitoring and coaching”
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LEONARD H. VAN DEN BERG3, JOHANNA M.A. VISSER-MEILY1,2 &
ANITA BEELEN1,2

1Department of Rehabilitation, Physical Therapy Science and Sports, UMC Utrecht Brain Centre, University
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Abstract
Objective: To evaluate the use of telehealth as part of specialized care for patients with amyotrophic lateral sclerosis
(ALS) and the user experiences of patients and healthcare professionals. Methods: Fifty patients with ALS were recruited
from a single specialist center and used telehealth, consisting of an ALS-app for self-monitoring and messaging, alerts
for symptom-worsening, and nurse practitioner follow-up. Patients self-monitored their well-being (daily report), body
weight (weekly) and functional status (monthly). The use of the telehealth service was evaluated through adoption rate,
dropout rate and adherence to self-monitoring. User-experiences were collected through online surveys among 23
patients and nine healthcare professionals, and interviews with 12 patients. Results: The adoption rate was 80%, dropout
rate 4% and median follow-up was 11 months. Good adherence was seen in 49% of patients for well-being, 83% for
body weight and 87% for functional assessment. For patients who discontinued using telehealth due to the end-of-life
phase, median time between last measurement and death was 19 days. The majority of patients experienced using tele-
health as easy, helpful, not burdensome, and reported satisfaction with flexible clinic visits and the continuity of care.
Healthcare professionals reported that telehealth was of added value in ALS-care. Conclusions: ALS-care supplemented
by home-monitoring and nurse practitioner follow-up was shown to be suitable and widely accepted by patients and
healthcare professionals in our ALS clinic. Success factors were low self-monitoring burden, a user-friendly platform and
the provision of personalized feedback. Further research is needed to replicate these findings in other ALS clinics.

Keywords: Amyotrophic lateral sclerosis, telehealth, self-monitoring, app, user experiences

Introduction

A multidisciplinary specialist team approach in the
management of amyotrophic lateral sclerosis (ALS)
is the gold standard of care, aimed at improving
quality of life and survival through symptom man-
agement (1). Currently, however, patients experi-
ence considerable barriers and burden related to
multidisciplinary clinic (MDC) attendance, every
three to four months. Travel barriers, such as long
distances and limited mobility, and long exhausting
clinic days due to seeing multiple healthcare

professionals, have been reported as disadvantages
of MDC attendance (2,3).

A possible solution for these issues is the use of
telehealth. Telehealth has the potential to supple-
ment in-person specialist care by allowing patients
with ALS to be monitored and receive personal-
ized advice and information in the comfort of their
own home through telecommunication technolo-
gies. In contrast to in-person specialist care, access
to telehealth is independent of patients’ ability to
travel or distance from a MDC. In addition,
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telehealth facilitates remote monitoring of patients
between clinic visits, which is currently lacking in
ALS care. The remote monitoring of disease pro-
gression could help the multidisciplinary care team
to tailor care and information to the ever-changing
needs of patients with ALS.

In co-creation with patients, caregivers, health-
care professionals, managers and information tech-
nologists, we developed the telehealth service ALS
Home-monitoring and Coaching. A pilot study
(N¼10) in 2016 confirmed its feasibility (4). On
1st May 2017, the telehealth service was imple-
mented in specialist care at the ALS clinic of the
University Medical Center Utrecht, the
Netherlands, where patients with motor neuron
disease receive multidisciplinary care. The tele-
health service has been used for over 18 months
and patients with ALS were invited to use it as
part of their care.

The aim of this study is to evaluate the use of
ALS Home-monitoring and Coaching in specialist
ALS care, and the user experiences from the per-
spectives of patients and healthcare professionals.

Materials and methods

Study design, setting and population

This prospective single center cohort study was
performed at the specialized ALS clinic in Utrecht.
The catchment area was the province of Utrecht,
with a maximum travel distance of 50 km. All
patients with ALS who received multidisciplinary
care at the ALS clinic between May 2017 and
November 2018 were eligible for inclusion. During

a regular visit to the multidisciplinary clinic, a
rehabilitation physician invited patients to use tele-
health. Patients who participated were followed up
until 28th November 2018.

The telehealth service

The design process of ALS Home-monitoring and
Coaching was inspired by the user-centered design
approach which aims to truly meet the needs of
end-users (patients and healthcare professionals)
(5). Involving patients in the development process
resulted in the design of an appropriate self-moni-
toring protocol and a user-friendly telehealth ser-
vice. In order to standardize remote monitoring, a
protocol was developed based on ALS guidelines
and expert opinion from members of the multidis-
ciplinary care team. The protocol specified what
information and feedback should be provided to
the patient in response to changes in functioning.
It also specified the timing of referral to the multi-
disciplinary care team and what topics the nurse
practitioner should discuss with members of the
team. The key features of ALS Home-monitoring
and Coaching were: (1) App-based self-monitoring,
(2) a message function, (3) alerts and (4) follow-
up by a nurse practitioner. An overview of the key
features can be found in Figure 1.

App-based self-monitoring. The ALS app (by
Focuscura, the Netherlands) was operational on a
smartphone, tablet and personal computer.
Patients were offered a tablet when they had no
electronic device compatible with the ALS app.
When patients had upper limb impairment,

Figure 1. The continuous personalized care design of ALS Home-monitoring and Coaching.
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(informal) caregivers assisted with operating the
smartphone/tablet and self-monitoring. Patients
were able to use eye-control when using a com-
puter for self-monitoring. During an introductory
interview, the nurse practitioner created an
account for patients and helped them install the
ALS app. Patients used the ALS app to self-moni-
tor their health status, through the assessment of
well-being, body weight and functional status.
Well-being was assessed by answering the question
“How are you today?” with a score from 1 to 10.
Additionally, patients were invited to comment on
their score and well-being in the ALS app through
a free-text entry. Body weight was assessed with a
regular or Bluetooth body weight scale. All
patients were offered a Bluetooth scale, but
patients were allowed to use their own scale. The
Bluetooth scale transmitted the body weight data
automatically to the ALS app, while patients with
a regular scale had to enter the data manually.
Functional status was assessed with a self-adminis-
tration version of the revised ALS functional rating
scale (ALSFRS-R) (6). The default self-monitoring
frequencies were daily for well-being, weekly for
body weight and monthly for functional status. At
the start of monitoring, frequencies were set at
default, but could be adjusted to patients’ prefer-
ence. To remind patients about self-monitoring, a
notification was automatically sent by email at an
agreed-upon time and day of the week. Patients
had open access to their own data, which was
accessible in the ALS app. Once a measurement
had been completed, the data were transmitted
automatically to a central server, also accessible to
healthcare professionals. Additionally, the ALS
app was integrated in the electronic health records,
which facilitated data accessibility for the multidis-
ciplinary care team.

Message function. The ALS app included a free-
text message function, which allowed for patients
to comment on or ask questions about any topic
including: symptoms, treatments, aids, personal
issues, technical issues or consultation planning.
Depending on the question or comment, the nurse
practitioner answered the questions and gave
advice within three days, and if needed referred
patients to the multidisciplinary care team.
Patients were informed about a possible delay in
the reply, and in case of urgency, they were told to
contact their general practitioner.

Alerts. Alerts signaled the nurse practitioner when
a significant change in health status occurred
involving a drop to (or below) a pre-determined
threshold. Alerts were generated when (1) body
weight had decreased by 5% and 10% of premor-
bid weight, (2) the well-being question was
answered with a score of two or lower and (3) any
item score of the ALSFRS-R dropped one point or

more relative to the last measurement. The nurse
practitioner monitored the individual alerts and
trends of all patients and discussed the changes in
health status weekly with the multidisciplinary
care team.

Monthly follow-up by nurse practitioner. In
addition to the follow-up on patient’s messages,
the nurse practitioner, who was engaged with all
patients, evaluated their individual health status
data and provided monthly personalized feedback
and information via an e-consult or telephone con-
sultation. Patients could access the e-consult in
their electronic medical record, through a web por-
tal login with two-factor authentication (digital
identification: the online ID allowing access to
services and government websites in the
Netherlands, with username, password and short
message service (SMS) verification). The nurse
practitioner was supervised by a rehabilitation
physician and used the standardized monitoring
protocol to ensure adequate personalized feedback
and information for all patients. If necessary,
patients were referred by the nurse practitioner to
members of the multidisciplinary care team for a
face-to-face consultation.

Outcome measures for the use of the ALS app

The use of the ALS app was evaluated through the
adoption rate, adherence, and dropout. Adoption
rate was calculated as the proportion of patients
who chose to adopt telehealth. Adherence was
defined as the percentage of completed self-moni-
toring assessments agreed upon. Adherence was
calculated for patients who had activated their
account for �1 month for well-being and body
weight, and for �2 months for functional status.
The dropout was defined as the number of
patients who discontinued telehealth due to rea-
sons unrelated to the end-of-life phase or death.

User-experience assessment

Surveys. Patients. Patients whose account was
activated for over four months were invited to fill
in a one-time online survey designed for the pur-
pose of the study. Patients received an email with
a link to the survey that was accessible on a secure
survey website (Collector 2015.Q2). Data were
stored on the web-server of the website. The sur-
vey evaluated user experiences, such as ease of
use, perceived burden, and perceived benefits.
Patients were asked to respond to a number of
statements and questions on a 5-point Likert scale.
Scores of 4 or higher were coded as being
in agreement.

Healthcare professionals. A one-time online
survey was administered to all members of the
multidisciplinary care team at the UMCU.
Healthcare professionals received an email with a

Telehealth as part of specialized ALS care 185



link to the survey that was accessible on a secure
survey website (Collector 2015.Q2). The survey
evaluated the extent to which the self-monitoring
data were used by the healthcare professionals and
whether the use of telehealth led to changes
in care.

Semi-structured interviews. Semi-structured
interviews were conducted by two of the investiga-
tors (JH, RvE) to further explore opinions and
experiences of patients regarding the use of tele-
health. Consecutive patients who completed the
survey were selected. The interviews were discon-
tinued when data saturation was reached.

Analysis

Two groups of patients were distinguished: preva-
lent and incident patients. Prevalent patients
included those who were diagnosed and received
multidisciplinary care at the ALS clinic before the
implementation of telehealth on 1st May 2017
(including patients who participated in the pilot).
The prevalent group was a convenience sample, as
these patients were selected by the rehabilitation
physician based on health status, disease progres-
sion and potential benefits of telehealth use.
Incident patients included all consecutive patients
who were diagnosed and started to receive multi-
disciplinary care at the ALS clinic after the imple-
mentation of telehealth. In order to avoid selection
bias, the adoption rate was only calculated for the
sub-group of incident patients.

Self-monitoring adherence was calculated for
all patients and reported as the percentage of
patients that showed good adherence. The adher-
ence of an assessment was judged as good when
patients completed �50% of agreed-upon meas-
urements for well-being and body weight and
�75% for functional status. A minimal adherence
of 50% was considered to be sufficient for patients
to reflect on their well-being and for healthcare
professionals to observe a trend in body weight
between clinic visits. Body weight adherence was
calculated until patients were unable to weigh
themselves due to the inability to stand (ALSFRS-
R item 8 score ¼ 0). A minimal adherence of 75%
for the assessment of functional status was
required, as the ALSFRS-R was only measured
once per month and the provision of tailored feed-
back and information was mainly based on
ALSFRS-R scores.

The survey results were reported as the number
and percentage of subjects who (totally) agreed to
a statement. Data from the structured interviews
were digitally recorded and transcribed verbatim.
The interviews were coded by two independent
researchers. Thematic analysis was performed until
data saturation was reached and no more themes
emerged (7).

Results

In the period 1st May 2017 to 28th November
2018, a total of 50 patients used ALS Home-moni-
toring and Coaching, consisting of 18 prevalent and

Figure 2. Flowchart of users of ALS home-monitoring and coaching.
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32 incident patients. The inclusion flowchart can
be found in Figure 2. A total of 41 prevalent
patients received care before the implementation
of the telehealth service, 8 of which were already
enrolled in the pilot, 21 of which were not invited
(reasons not documented), 12 were invited of
which 10 adopted telehealth. 40 newly diagnosed
incident patients were referred to the multidiscip-
linary care team and were invited to use telehealth
between May 2017 and November 2018; of these
32 (80%) adopted telehealth. A total of 14 patients
discontinued using telehealth in the follow-up
period. The most frequently reported reason for
discontinuing telehealth was no added benefit
from telehealth due to the end-of-life phase or
death (n¼ 12). For patients who discontinued tele-
health in the end-of-life phase, median time
between the final measurement and death was
19.0 days (IQR ¼ 7.8–49.0). There were two
dropouts in this study. Reasons for dropping out
were no perceived use due to slow disease progres-
sion (n¼1) and telehealth did not fit patient’s
needs (n¼ 1).

Patients were, on average, 61 years old at diag-
nosis, mostly male (64%), diagnosed with ALS
(76%), and had spinal onset (72%). Table 1 pro-
vides an overview of all patient characteristics. four
patients had an electronic device that was not
compatible with the ALS app and therefore
received a tablet for self-monitoring, all other
patients had compatible devices. Six patients
received a Bluetooth scale, all other patients pre-
ferred using their own scale. Patients were fol-
lowed-up for a median of 10.8 months (IQR ¼
5.9–13.2) (Figure 3).

Adherence and user data

Good adherence was seen in 49% of patients for
the assessment of well-being, in 83% for the

assessment of body weight and in 87% for the
assessment of functional status.

A total of 2003 messages were sent to the nurse
practitioner via the ALS app by 47 patients
(M¼42.6, range ¼ 3–268). Most of the messages
were comments explaining the given well-being
score. 241 well-being alerts were generated in 17
patients (M¼14.2, range ¼ 1–44), 395 body
weight alerts were generated in 31 patients
(M¼12.7, range ¼ 1–39) and 263 functional sta-
tus alerts were generated in 47 patients (M¼5.6,
range ¼ 1–14).

User experiences

Patient survey. In total, 23 out of 34 patients
who were invited, completed the survey (response
rate 68%); 17 of whom were men and with an
average age of 63.2 years. Patients completed the
survey after using telehealth for a median duration
of 5.8 months (IQR ¼ 4.7–10.9). The majority of
patients were positive about receiving personalized
feedback and information, and perceived the use
of telehealth as helpful, easy and not burdensome.
All but one patient would recommend the use of
ALS Home-monitoring and Coaching to others.
Patients had mixed opinions on the ease of logging
onto their electronic medical record with their
digital ID to access the monthly feedback through
the e-consult. All patient survey results can be
found in Table 2.

Healthcare professional survey. The healthcare
professional survey was administered 18 months
after the implementation of telehealth and was
completed by 9 of 11 (82%) healthcare professio-
nals of the multidisciplinary care team (two
rehabilitation physicians, two occupational thera-
pists, two physical therapists, a speech therapist, a
dietician and a social worker). The survey showed

Table 1. Patient characteristics.

Characteristic
All patients
(N5 50) N

Prevalent patients
(N5 18) N

Incident patients
(N5 32) N

Gender, male n(%) 32 (64,0) 50 11 (61.1) 18 21 (65.6) 32
Age (years), mean(SD) 61.4 (13.0) 50 56.3 (15.1) 18 64.2 (11.0) 32
Level of educationa, n(%) 34 16 18
Low 16 (47.1) 9 (56.3) 7 (38.9)
High 18 (52.9) 7 (43.8) 11 (61.1)

Diagnosis, n(%) 50 18 32
ALS 38 (76.0) 11 (61.1) 27 (84.4)
PMA 12 (24.0) 7 (38.9) 5 (15.6)

Site of onset, n(%) 46 17 29
Bulbar 13 (28.3) 3 (17.6) 10 (34.5)
Spinal 33 (71.7) 14 (82.4) 19 (65.5)

ALSFRS-R at diagnosis, mean (SD) 42.0 (3.7) 43 42.9 (2.6) 14 41.6 (4.1) 29
ALSFRS-R at start monitoring, mean (SD) 38.3 (8.1) 48 33.8 (9.1) 18 41.0 (6.1) 30
Time between diagnosis and start monitoring (months),

median (IQR)
2.4 (1.4-14.3) 48 19.7 (10.6-44.5) 18 1.6 (1.3-2.4) 30

aLevel of education was classified as low (none, grade school, high school and technical or trade school) and high (University degree
or Graduate school). ALSFRS-R¼ALS Functional Rating Scale Revised. SD¼Standard deviation. IQR¼ interquartile range.
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that the majority of healthcare professionals used
the monitored data to prepare for consultations
(Table 3). Healthcare professionals reported that
they had consultations as a result of referral by the
nurse practitioner. Workload was similar compared
to care without telehealth for most healthcare pro-
fessionals, but in-person consultations were used
more effectively, as the available monitoring data
helped them in preparing the consultation.
Furthermore, all healthcare professionals reported
that the use of telehealth was of added value in
ALS care and that they would recommend it to
other healthcare professionals.

Structured patient interviews. The interviews
showed negative as well as positive experiences.
Themes related to negative experiences were log
on issues and being confronted by decreasing
ALSFRS-R scores. Themes related to positive
experiences were the user-friendliness of the ALS
app, the low burden of the self-monitoring proto-
col, better understanding of the disease, increased
perceived control over care, greater continuity of
care and reassurance, more flexible consultations
and moments for self-reflection. Identified themes
are presented in Table 4.

Discussion

This study showed that the use of home-monitor-
ing and nurse practitioner follow-up was suitable
for the provision of multidisciplinary ALS care,
with a high adoption rate, good adherence, few
dropouts and positive experiences from patients
and healthcare professionals. This is the first study
to report on the use of an implemented app-based
telehealth service with self-monitoring in special-
ized ALS care.

The majority of newly diagnosed patients in
the current study adopted telehealth, showing that
patients with ALS were willing to use technology
in their care. Previous research has shown that
patients with ALS are generally familiar with using

Figure 3. Months of follow-up per patient. �Started July 2016
(pilot), E: End-of-life phase, D: Dropout.

Table 2. Patient survey results.

Survey item n (%) Total (N5 23)

I experience the use of telehealth as easy. 19 (83) 23
I experience the use of telehealth as burdensome. 3 (13) 23
I experience the use of telehealth as time-consuming. 2 (9) 23
I experience the use of telehealth as helpful in care. 19 (83) 23
I succeeded in logging onto my electronic patient record and reading the personal feedback

and information in the e-consult.
20 (87) 23

I experience logging onto the electronic patient record as easy. 11 (55) 20
I experience receiving information through the electronic patient record as positive. 18 (90) 20
I experience receiving personalized feedback as positive. 19 (95) 20
Inserting and seeing data about how I am functioning was a positive experience. 17 (74) 23
I experience more control over care. 20 (87) 23
Telehealth helps me to make decisions about care. 13 (59) 22
I believe that care with telehealth is better than care without it. 18 (82) 22
I intend to keep using telehealth. 22 (96) 23
I would recommend telehealth to other patients. 22 (96) 23
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Table 3. Healthcare professional survey results.

Survey question

Responses

Regularly Sometimes
(Almost)
never

How often do you use the well-being data to prepare for consultations? 4/9 3/9 2/9
How often do you use the body weight data to prepare for consultations? 6/9 0/9 3/9
How often do you use the functional status data to prepare for consultations? 6/9 1/9 2/9
How often do you have a consultation due to a referral by the nurse practitioner? 7/9 2/9 0/9

Survey statement

Responses

(Totally) agree Neutral (Totally) disagree

The use of telehealth reduces the workload of healthcare professionals. 2/9 5/9 2/9
Telehealth is of added value to usual ALS care. 9/9 0/9 0/9
I would recommend the use of telehealth to other healthcare professionals. 9/9 0/9 0/9

Table 4. Overview of themes regarding patients’ experiences with telehealth, supported by quotes.

Topic Theme Description Quotes

Negative
experiences

Log-in issues Some of the patients experienced logging
into the electronic patient record with
their digital ID as a barrier for reading
the feedback in their e-consultations.
Most patients, however, did not
perceive this as a barrier.

“A hassle with the digital ID, it takes four
steps before you find out what it’s about.”

Patient 2
“Logging in is difficult with the digital ID.”
Patient 10

Confronting
experiences

Self-monitoring of health status and
specifically the functional status
assessment, was experienced as
confronting by some of the patients in
the early disease stages. This was due
to the answer options of the ALSFRS-
R showing the worsening of the disease
yet to come. However, over time
patients got used to the idea and no
longer experienced it as confronting.
Furthermore, patients generally had no
interest in the graphs and the decline
their data showed.

“At the start it was a bit confrontational.
You see things and think: ‘is that what is
going to happen?’. On the other hand, you
get used to it the more often you do it.”

Patient 1
“It is like a falling stock market, you are

simply not happy about it. I understand
that it is great for science, but it is useless
for the patient.”

Patient 6

Positive
experiences

User-friendliness In general, patients were very satisfied
with the ALS app, because it was easy
to use and worked well. Some patients
did have some minor technical
complaints (notifications did not
repeat, app-screen did not rotate
with phone).

“Very user-friendly. Nothing to comment on.
Graphs look clean, well laid out.”

Patient 1

Low burden The majority of patients reported that
self-monitoring cost very little time and
was not burdensome. Patients felt that
they got much more in return
compared to the amount of time and
effort that was required.

“It is so easy… a daily routine. More of a
burden, but you get more in return. On
balance, the end result is always positive;
despite requiring something from me, I
have the feeling that I get a lot more out of
it than if I did not do it.”

Patient 1
Self-reflection A benefit of self-monitoring reported by

patients was that it helped them reflect
on their mood and feelings.

“The greatest advantage is that you become
aware of how you are doing, and that’s
good. When I am aware that I am feeling
really good or even slightly worse, those are
the moments I use the app.”

Patient 2
“Actually choosing a fixed moment of the

day to reflect on that day. How am I
feeling and why? Because you don’t
always know what the cause is and this
makes you think about it. A moment of
reflection.”

Patient 12
(Continued)
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technology (8–11). Patients who did not adopt tel-
ehealth were, on average, older and the majority
were female.

Patients showed good overall adherence to the
self-monitoring protocol. Facilitators of self-moni-
toring adherence in the current study were a user-
friendly app, low burden of self-monitoring and
use of notifications. These factors have also been
identified as facilitators of self-monitoring in previ-
ous literature (12). Another facilitator of adherence
was the provision of monthly personalized feed-
back on the self-monitoring data (12). This likely
motivated patients to adhere to the self-monitoring

protocol. Furthermore, most healthcare professio-
nals used the monitored data during regular in-
clinic consultations. Other factors that motivated
patients were a feeling of control they gained
through self-monitoring, as well as more flexible
clinic visits tailored to their needs. A barrier to tel-
ehealth use was difficulty accessing the e-consult.
Providing personalized feedback in the ALS app
could facilitate accessibility in the future.

In contrast to the current study, Paneroni et al.
(13) reported low adherence to a self-monitoring
protocol. This was likely a result of the complexity
of reporting and the high number of daily

Table 4. (Continued).

Topic Theme Description Quotes

Increased perceived
control

Patients experienced more control over
their healthcare due to telehealth.
Patients reported that the use of
telehealth facilitated communication
with the ALS care team, which helped
them to better indicate which topics
they wanted to discuss or focus on.

“I think that by monitoring myself, I am
able to give others more information to
make decisions about me. I am in control
and can enable others to observe me
better.”

Patient 1
“It is an easy way for me to pass things on

to the physician. I tell them what the
problem is and the hospital indicates what
is useful. So I am in control without
having to possess the knowledge. I just
want advice. This makes it more problem-
driven and up-to-date. And I like that.”

Patient 10
Continuity of care/

reassurance
At home, patients experienced the feeling

of being monitored continuously by the
ALS care team in between visits, which
felt personal and reassuring. Patients
also found it a comforting thought to
know that the ALS care team would
intervene when the disease
would worsen.

“You really have the feeling that there is
continuous interaction, that someone is
keeping an eye on you. You are no longer
counting the days from one consultation to
another.”

Patient 2
“That’s what I find ideal. We will not be

going again in three months’ time, because
if the app shows in a month that I am not
doing well, the hospital takes the initiative.
I have experienced this and I like it. This
means I do not have to wonder ‘should I
call the physician?’, because if the
physician is worried they will call me.
Now that’s what I call service.”

Patient 10
“I notice that the measurements are being

read and that the care team knows how I
am doing from day to day.”

Patient 11
Flexible consultations Continuous monitoring allowed for more

flexible consultations, which patients
were highly satisfied about. Patients
liked that it reduced the amount of
unnecessary visits and travel burden.

“My last appointment was 6 months ago,
i.e. the routine visit. I find that smart,
because if it is not necessary, then it is not
necessary.”

Patient 1
“For now we have agreed with the physician

not to plan a new appointment but to do
that on the basis of the app. If no tests are
necessary, there is no point, it is only an
extra burden.”

Patient 7
“You don’t feel you are going for no good

reason. You have some control over that.”
Patient 12
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assessments in this study. In two other studies,
good adherence with (bi-)weekly home-based self-
monitoring was observed (14,15). Accordingly,
patients reported that technology was user-friendly
and self-monitoring was easy (15,16).

Although we found good overall adherence in
the current study, it was noticeable that adherence
to the well-being assessment was low compared to
the adherence to the bodyweight and functional
status assessments. Low adherence was likely due
to the fact that the default frequency with daily
assessments was too high for some of the patients.
For this reason, self-monitoring frequencies were
lowered at individual patients’ request. The
requested changes in frequency were, however, not
taken into account in the calculation of adherence
as these were not documented in the ALS app.
The missing information resulted in an underesti-
mation of adherence. Despite the lower adherence
of the well-being assessment, 85% of patients com-
pleted the well-being assessment at least once per
week. This was found to be sufficient for the pro-
vision of psychological support and for patients to
self-reflect on their well-being.

A remarkable finding was that patients contin-
ued to use the ALS app to contact the ALS clinic
and read the personal feedback from the nurse
practitioner until shortly before their death. These
findings suggest that patients valued communica-
tion with the nurse practitioner in the end-of-life
phase, despite the fact that care in the end-of-life
phase is on the whole provided by a general practi-
tioner. Accordingly, the interviews showed that
patients experienced more continuity of care and a
feeling of reassurance as a result of remote moni-
toring by the nurse practitioner.

An important aspect of remote monitoring was
alerts for disease worsening, which were found to
be appropriate for the provision of feedback and
information in most cases. However, for the well-
being assessment, repetitive alerts were seen in two
patients who gave low scores consecutively. These
patients were called by the nurse practitioner and
received psychological support. Repetitive alerts
were also generated in some patients for the body
weight assessment, as these patients remained sta-
ble in body weight below the cutoff value. The
nurse practitioner did not perceive these repetitive
alerts as a burden. The alerts that were generated
for every drop of the ALSFRS-R score were found
to be abundant, as the nurse practitioner would
provide monthly feedback three days after patients
completed the ALSFRS-R, regardless of any
changes in score. For this reason, we have
removed all alerts for the functional sta-
tus assessment.

So far, previous research on the use of
telehealth in ALS has reported on home-based
self-monitoring, videoconferencing, the store and

forward method, and remote monitoring of nonin-
vasive ventilation (17). A parallel publication
reported on the use of a telehealth system similar
to ALS Home-monitoring and Coaching, which also
included a patient app for self-monitoring, a clin-
ical portal, alerts and a telehealth nurse (15,18). In
this trial, patients and caregivers reported that tele-
health was easy to use, self-monitoring did not
cost a lot of time and they would recommend tele-
health to others. These findings are similar to the
results of the current study, and support that app-
based self-monitoring is a suitable method for pro-
viding remote care to patients with ALS.

Currently, the platform costs associated with
the telehealth service are funded by the University
Medical Center Utrecht as there is no reimburse-
ment for this type of telehealth. The lack of reim-
bursement is the main barrier to widespread
implementation and use of telehealth. In order to
facilitate the future implementation and use of tel-
ehealth, healthcare insurance companies should
include telehealth in their reimbursement options.

Limitations

The current study was conducted in a single speci-
alized center, which limits the generalizability of
the results and the transferability to other settings.
We are, however, working on the nationwide
implementation of ALS Home-monitoring and
Coaching, which will allow us to evaluate its feasi-
bility in other healthcare settings and generalize
future findings. The results obtained from the
prevalent patients may suffer from selection bias,
as this was a convenience sample. Furthermore,
the response rate of the patient survey was rela-
tively low, which could mean the results of the sur-
vey may have a risk of bias. A methodological and
technical limitation was that requested changes in
self-monitoring frequency were not documented in
the ALS app software. As a result, the missing
data lead to an underestimation of adherence. In
the current study, we chose to exclude the assess-
ment of caregiver user experiences. However, care-
givers play an important role in assisting patients
with the use of telehealth; for this reason, this is an
interesting topic for future research. Future studies
should also investigate the cost-effectiveness of
ALS Home-monitoring and Coaching, its feasibility
in other healthcare settings, and the effect of per-
sonalized care on the timing of therapies and
assistive devices.

Conclusion

In conclusion, we have shown that ALS care sup-
plemented by app-based self-monitoring and nurse
practitioner follow-up was suitable and widely
accepted by patients and healthcare professionals.
Success factors of the telehealth service were low
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self-monitoring burden, a user-friendly platform
and the provision of personalized feedback. A
potential barrier for widespread implementation
of this telehealth service, is the lack of reimburse-
ment. Future research should investigate the cost-
effectiveness and the feasibility of this telehealth
service in other healthcare settings.
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