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REVIEW ARTICLE

The current use of telehealth in ALS care and the barriers to and
facilitators of implementation: a systematic review

JOCHEM HELLEMAN1,2, ESTHER T. KRUITWAGEN1,2, LEONARD H. VAN DEN
BERG3, JOHANNA M. A. VISSER-MEILY1,2 & ANITA BEELEN1,2

1Department of Rehabilitation, Physical Therapy Science & Sports, UMC Utrecht Brain Centre, University
Medical Centre Utrecht, the Netherlands, 2Centre of Excellence for Rehabilitation Medicine, UMC Utrecht Brain
Centre, University Medical Centre Utrecht, and De Hoogstraat Rehabilitation, Utrecht, the Netherlands, and
3Department of Neurology, UMC Utrecht Brain Centre, University Medical Centre Utrecht, the Netherlands

Abstract
Objective: We aimed to provide an overview of telehealth used in the care for patients with amyotrophic lateral sclerosis
(ALS), and identify the barriers to and facilitators of its implementation. Methods: We searched Pubmed and Embase to
identify relevant articles. Full-text articles with original research reporting on the use of telehealth in ALS care, were
included. Data were synthesized using the Consolidation Framework for Implementation Research. Two authors inde-
pendently screened articles based on the inclusion criteria. Results: Sixteen articles were included that investigated three
types of telehealth: Videoconferencing, home-based self-monitoring and remote NIV monitoring. Telehealth was mainly
used by patients with respiratory impairment and focused on monitoring respiratory function. Facilitators for telehealth
implementation were a positive attitude of patients (and caregivers) toward telehealth and the provision of training and
ongoing support. Healthcare professionals were more likely to have a negative attitude toward telehealth, due to the lack
of personal evaluation/contact and technical issues; this was a known barrier. Other important barriers to telehealth were
lack of reimbursement and cost-effectiveness analyses. Barriers and facilitators identified in this review correspond to
known determinants found in other healthcare settings. Conclusions: Our findings show that telehealth in ALS care is
well-received by patients and their caregivers. Healthcare professionals, however, show mixed experiences and perceive
barriers to telehealth use. Challenges related to finance and legislation may hinder telehealth implementation in ALS
care. Future research should report the barriers and facilitators of implementation and determine the cost-effectiveness
of telehealth.

Keywords: Amyotrophic lateral sclerosis, telehealth, barriers and facilitators, implementation

Introduction

Patients with amyotrophic lateral sclerosis (ALS)
suffer from progressive disability, which develops at
a variable rate, resulting in ever-changing care-
needs. Symptomatic management by a multidiscip-
linary team of specialists is the mainstay of treat-
ment for patients with ALS. This type of care aims
to optimize patients’ quality of life and survival
(1–5). For this reason, patients should be moni-
tored closely and have continuous access to multi-
disciplinary care throughout their disease. However,
many patients with ALS experience issues with
accessing and attending multidisciplinary clinics.

These issues are mostly related to long travel dis-
tances, difficulty traveling and long days at the
clinic (6,7). In addition, there is a lack of monitor-
ing between clinic visits (in ALS care). The access
issues and lack of monitoring limit the continuity of
multidisciplinary care, which could negatively affect
patients with ALS.

Telehealth has the potential to improve the
accessibility and continuity of ALS care by enabling
the remote provision of care and facilitating remote
monitoring. The use of telehealth allows patients to
receive specialist care, regardless of their ability to
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travel, their level of impairment or the distance to a
multidisciplinary clinic. Despite these potential ben-
efits and the availability of digital technology, the
use of telehealth in ALS care is currently limited.
This view is supported by a recent systematic
review that looked into the use of digital technology
to improve access to specialist ALS care (8). The
limited number of studies in the review were mostly
feasibility or pilot studies and/or included only a
small number of patients with ALS. This lack of
(robust) literature suggests that telehealth innova-
tions rarely survive beyond the initial pilot phase
and are not implemented into usual ALS care.

These findings indicate that there are issues
that hinder the implementation of telehealth in
ALS care. In order to facilitate telehealth imple-
mentation, we describe its current use in ALS care
and aim to identify the barriers and facilitators
that influence implementation.

Methods

Search strategy

Comprehensive electronic searches were conducted
using Pubmed and Embase to look for articles up
until 2019. A clinical librarian was consulted regard-
ing the construction of the searches. Search terms
used included “amyotrophic lateral sclerosis” or
“ALS” or “motor neuron disease” or “MND”

or “ALS/MND”, combined with “telehealth”
or “telemedicine” or “mhealth” or “ehealth” or,
“telerehabilitation” or “telemonitoring” or
“teleconsultation” or “digital technology” or “mobile
technology” or “mobile app”. Full search queries for
Pubmed are shown in Supplementary material 1; we
adjusted these for the other databases. Additionally,
reference lists of identified articles were scrutinized
and citations of these articles were checked using
Google Scholar. Duplicates were removed using
Mendeley software.

Inclusion criteria for review

To be eligible, a study had to meet following crite-
ria: (a) a full-text article with original research, (b)
>75% of the study population had to be patients
with ALS, (c) report on the use or implementation
of telehealth in a healthcare setting, (d) published
in English, (e) published in a peer-reviewed jour-
nal. Telehealth was defined as the provision of
remote healthcare services through the use of
digital and telecommunication technologies. The
study methodology was assessed (i.e. study design
and recruitment strategy), but was not an inclusion
criterion for this review. Two reviewers screened
titles and abstracts and selected relevant articles. A
full-text assessment, also by two reviewers, deter-
mined which studies were eligible for inclusion
based on the inclusion criteria.

Analysis method

The framework for the qualitative data extraction
was based on the Consolidated Framework for
Implementation Research (CFIR) (9). This instru-
ment specifies the determinants that affect the
implementation of an innovation. The determi-
nants in this review were divided into four
domains from the CFIR: Innovation characteris-
tics, patient/caregiver characteristics, healthcare
professional characteristics, and the inner and
outer setting. Innovation characteristics include the
core components and complexity of the telehealth
innovation that is being used or implemented.
Patient/caregiver characteristics include the user-
experiences/benefits, and compliance of patient/
caregiver end-users. The healthcare professional
characteristics include the user-experiences/benefits
of healthcare professional end-users. The inner
and outer setting includes the available resources,
and finance and legislation that the organization

Table 1. Definitions of implementation determinants.

Domain Construct Definition

Innovation characteristics Core components The essential and indispensable elements of innovation.
Complexity To what extent the telehealth innovation is difficult to

startup, use or implement.
Patient/caregiver characteristics User-experiences and benefits The user-experiences of the patient and caregiver with the

telehealth innovation and the perceived benefits
or drawbacks.

Compliance The ability or willingness of the end-user to use the
telehealth innovation

Healthcare professional characteristics User-experiences and benefits The user-experiences of the healthcare professional with the
telehealth innovation and the perceived benefits
or drawbacks.

Inner and outer setting Available resources The available software, equipment, support, training,
education and time required for operating the
telehealth innovation.

Finance and legislation The available financial and legislative constructs required for
operating the telehealth innovation.

Based on the consolidation framework for implementation research.
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has to manage. The definitions of each determin-
ant can be found in Table 1.

Results

The final literature search was performed on the
6th of November 2019 and identified a total of
707 articles, 61 of which were reviewed for eligibil-
ity. After full-text analysis, 16 articles were
included in the review. Reasons for exclusion are
shown in Figure 1. At least 429 patients with ALS
were included who used telehealth (one study did
not report the number of patients); 65.9% of
patients were male and the mean age was 60.5
years. Eight of sixteen studies reported the revised
ALS Functional Rating Scale (ALSFRS-R) with a
mean total score of 28.0; twelve of sixteen studies
reported that 67.5% of patients were ventilated
through either noninvasive ventilation (NIV) or
tracheostomy invasive ventilation (TIV); and six of
sixteen studies reported that 29.2% of patients had
a gastrostomy. Details of the included studies can
be found in Table 2.

Three main types of telehealth were identified:
videoconferencing (n¼ 5), home-based self-moni-
toring (n¼7) and remote NIV monitoring (n¼ 4).
Videoconferencing is any consultation between a
patient/caregiver and a healthcare professional
through real-time video. Home-based self-monitor-
ing is the process in which patients (and their

caregivers) manually perform measurements at
home, and transmit data to the medical team and
receive medical support via digital technology.
Remote NIV monitoring is the process whereby a
patient’s digital NIV data are monitored remotely
and transmitted to the medical team. One of the
studies used the store and forward method in add-
ition to videoconferencing. The store and forward
method includes recording a patient assessment at
home, after which the recording is stored and for-
warded to the medical team for further assessment.
The determinants of implementation per study can
be found in Table 3 and an overview of all identi-
fied barriers and facilitators telehealth use/imple-
mentation is presented in Table 4.

Videoconferencing (n5 5)

Innovation characteristics.
Core components. Studies reported that video-

conferences were attended either by multiple
healthcare professionals (10,11) or by one phys-
ician (12,13). In another study, during a home
visit, a nurse set-up a videoconference for the
patient and caregiver with the clinical director
(14). A few studies required patients to login on
the webserver with a personal ID code (10,12,13).

Complexity. One study reported issues with
video and audio, but did not prevent any video-
conferences from taking place (13). Audio issues
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Figure 1. Literature selection flow diagram.
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Table 2. Details of telehealth studies.

Publication Type of telehealth Study design
Recruitment

strategy Study population

Characteristics of
telehealth

users (patients)

Geronimo
et al. (10)

Videoconferencing A pilot study
investigating
feasibility and
acceptability.

A convenience
sample consisting
of patients who
were deemed
potentially
eligible and
would likely
benefit from VC.

Telehealth (N¼20)
Caregiver
(N¼20)
HCP (N¼15)

Diagnosis (ALS),
Age (M¼60),
Male (64%),
ALSFRS-
R (M¼24)

Nijeweme-d’Hollosy
et al. (12)

Videoconferencing A pilot study
investigating the
effect of VC on
the quality
of care.

A convenience
sample consisting
of patients who
liked working
with computers.

Telehealth (N¼4) Diagnosis (ALS),
Age (M¼42),
Male (75%)

van de Rijn
et al. (13)

Videoconferencing A retrospective
chart review
investigating the
feasibility and
utility of VC.

Patients who had at
least one VC
were included.

Telehealth (N¼97)
HCP (N¼5)

Diagnosis (ALS),
Age (M¼58),
Male (63%), V
(57%), G (23%)

Selkirk et al. (11) Videoconferencing A retrospective
cohort study
investigating
feasibility and
effectivity.

Patients who
received care for
one year at the
ALS center were
included.
Patients chose
telemedicine
based on
preference,
disability level or
distance from
the clinic.

Telehealth (N¼32)
Usual
care (N¼36)

Diagnosis (ALS),
Age (M¼63),
Male (100%), V
(72%), G (68%)

Pulley et al. (14) Videoconferencing,
Store and
forward method

A pilot study
investigating
feasibility and
acceptability.

Patients were
included
regardless of
distance from the
clinic, mobility or
disease severity.

Telehealth (N¼18)
HCP (N¼7)

Diagnosis (ALS),
Age (M¼64),
Male (66%),
ALSFRS-
R (M¼25)

Vitacca et al. (16) Telephone-assisted
self-monitoring

A pilot study
investigating
feasibility and
patient/caregiver’s
satisfaction.

Patients with a
caregiver
were included.

Telehealth (N¼40)
Caregiver
(N¼40)

Diagnosis (ALS),
Age (M¼63),
Male (60%),
ALSFRS-R
(M¼31), V
(78%), G (50%)

Vitacca et al. (17) Telephone-assisted
self-monitoring

A prospective study
investigating
feasibility and
cost-effectiveness.

Patients who lived
<80 km from the
center
were included.

Telehealth (N¼39)
Caregiver
(N¼39)
HCP (N¼n.r.)

Diagnosis (ALS),
Age (M¼62),
Male (54%),
V (69%)

Vitacca et al. (18) Telephone-assisted
self-monitoring

A prospective study
investigating
nurse’s utilization
and costs.

Patients with an
ALSFRS-R <40
were included.

Telehealth (N¼73) Diagnosis (ALS),
Age (M¼61),
Male (60%),
ALSFRS-R
(M¼28), V
(49%), G (34%)

Paneroni et al. (19) Telephone-assisted
self-monitoring

A pilot study
evaluating the
feasibility of
long-term
self-monitoring.

Non-bulbar patients
with a caregiver
and an ALSFRS-
R <35
were included.

Telehealth (N¼12) Diagnosis (ALS),
Age (M¼53),
Male (75%),
ALSFRS-R
(M¼20),
V (58%)

Ando et al. (15) App-based
self-monitoring

A trial investigating
the use and
feasibility of
telemonitoring.

Opportunity
sampling was
used to
recruit patients.

Telehealth (N¼13) Diagnosis (MND),
Age (M¼66),
Male (62%),
ALSFRS-R
(M¼22),
V (100%)

(Continued)
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were solved by using a phone and a pager was
used to troubleshoot technical issues. In one study,
there were issues with buffering large video files,
and an unstable and unreliable internet connec-
tion (14).

Patient/caregiver characteristics. User-
experiences and benefits. Three studies reported that
patients were satisfied with videoconferencing
(12–14). One study reported that satisfaction with
telehealth was not related to disease severity or
travel distance (14). Reported benefits of patients
included reduced travel burden, reduced clinical
burden and time-saving (12,13). Remote consult-
ation increased the continuity of care (11,13) and
allowed more severely disabled patients to con-
tinue receiving specialist care (13). Caregivers

reported a lack of physical evaluation by a health-
care professional (10).

Compliance. Several studies reported that
patients felt comfortable and liked working with
technology (10,12,14), which determined enthusi-
asm with telehealth (14). According to two studies,
patients were willing to discuss most practical
topics via remote consultation (e.g. medication,
equipment, research, symptoms, and treatments)
(12,13). However, one of these studies indicated
reluctance of patients to discuss sensitive topics,
such as acceptance/coping and end-of-life, during
a remote consultation (12). These topics would
require a face-to-face consultation. Patients were
assisted by caregivers in order to use videoconfer-
encing in some studies (10,12,13).

Table 2. (Continued).

Publication Type of telehealth Study design
Recruitment

strategy Study population

Characteristics of
telehealth

users (patients)

Ando et al. (20) App-based
self-monitoring

A qualitative study
with semi-
structured
interviews on
telehealth use.

Opportunity
sampling was
used to recruit
patients who had
completed a trial
of telemonitoring.

Telehealth (N¼7)
Caregiver (N¼5)

Diagnosis (MND),
Age (M¼63),
Male (71%),
V (100%)

Hobson et al. (21) App-based
self-monitoring

A randomized
controlled pilot
and feasibility
study
investigating the
feasibility of
an RCT.

Patients with ALS,
PMA or PLS
who showed a
�2 point
decrease on the
ALSFRS-R in
the last 18
months
were included.

Telehealth (N¼20)
Usual care
(N¼20)
Caregiver
(N¼37)
HCP (N¼1)

Diagnosis (ALS,
PMA, PLS), Age
(60), Male
(70%), V/
G (40%)

de Almeida
et al. (22)

Remote
NIV monitoring

An exploratory trial
testing safety,
acceptance, and
accuracy of
remote
NIV monitoring.

Volunteering
patients
were included.

Telehealth
(N¼n.r.)
HCP (N¼9)

Diagnosis (ALS),
V (100%)

de Almeida
et al. (23)

Remote
NIV monitoring

A prospective,
quasi-randomized
controlled trial
investigating
costs and cost-
effectiveness.

Patients who used a
“bi-level” NIV
device were
screened and
assigned into a
group according
to their
residential area.

Telehealth (N¼19)
Usual
care (N¼20)

Diagnosis (ALS),
Age (M¼60),
Male (70%),
ALSFRS-R
(M¼33), V
(100%), G (0%)

Tura et al. (24) Remote
NIV monitoring

A preliminary trial
investigating
feasibility.

n.r. Telehealth (N¼15) Diagnosis (ALS),
V (100%)

Pinto et al. (25) Remote
NIV monitoring

A prospective,
quasi-randomized
controlled trial
investigating
compliance,
survival and
healthcare
utilization.

Patients who used a
“bi-level” NIV
device were
assigned to one
of two groups
according to their
residential area.

Telehealth (N¼20)
Usual
care (N¼20)

Diagnosis (ALS),
Age (M¼60),
Male (70%),
ALSFRS-R
(M¼33), V
(100%), G (0%)

ALSFRS-R: revised ALS functional rating scale; G: patients with gastrostomy; HCP: healthcare professional; M: Mean; NIV:
noninvasive ventilation; n.r.: not reported; V: ventilated patients; VC: videoconference.
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ra
l
A
L
S
w
eb

si
te

an
d
an

te
le
-

tr
ea
tm

en
t
en

vi
ro
nm

en
t,
in
cl
ud

in
g
pl
an

ne
d

co
ns
ul
ta
ti
on

ho
ur
s,

a
ch

at
ro
om

an
d
V
C
.

E
xt
er
na

l
IT

or
ga
ni
za
ti
on

pr
ov

id
ed

su
pp

or
t.

C
om

pl
ex
it
y:

n.
r.

U
se
r-
ex
pe

ri
en

ce
s
an

d
be

ne
fi
ts
:
P
at
ie
nt
s

ex
pe

ri
en

ce
d
re
du

ce
d
tr
av
el

ti
m
e.

P
at
ie
nt
s

w
er
e
sa
ti
sf
ie
d
w
it
h
te
le
he

al
th

an
d
co

nt
ac
t

du
ri
ng

V
C
.

C
om

pl
ia
nc

e:
P
at
ie
nt
s
w
er
e
w
ill
in
g
to

di
sc
us
s
m
os
t
to
pi
cs

th
ro
ug

h
V
C
,
ex
ce
pt

fo
r
ac
ce
pt
an

ce
an

d
en

d-
of
-l
if
e.

P
at
ie
nt
s

lik
ed

w
or
ki
ng

w
it
h
co

m
pu

te
rs

an
d

ca
re
gi
ve
rs

ne
ed

ed
to

as
si
st

w
he

n
pa

ti
en

ts
w
er
e
to
o
im

pa
ir
ed

.

U
se
r-
ex
pe

ri
en

ce
s
an

d
be

ne
fi
ts
:
n.
r.

A
va
ila

bl
e
re
so
ur
ce
s:

A
H
C
P

pr
ov

id
ed

an
in
it
ia
l
in
st
ru
ct
io
n

se
ss
io
n
fo
r
pa

ti
en

ts
.

F
in
an

ce
an

d
le
gi
sl
at
io
n:

n.
r.

va
n
de

R
ijn

et
al
.
(1
3)

C
or
e
co

m
po

ne
nt
s:

P
at
ie
nt
s
ha

d
to

lo
g
in
to

a
vi
rt
ua

l
w
ai
ti
ng

ro
om

pr
io
r
to

V
C
.
T
he

V
C

w
as

at
te
nd

ed
by

th
e
pa

ti
en

t,
ca
re
gi
ve
r
an

d
ph

ys
ic
ia
n.

H
C
P
’s

us
ed

a
pa

ge
r
fo
r

tr
ou

bl
es
ho

ot
in
g
te
ch

ni
ca
l
is
su
es
.

C
om

pl
ex
it
y:

A
ll
id
en

ti
fi
ed

te
ch

ni
ca
l
is
su
es

w
er
e
re
la
te
d
to

vi
de

o/
au

di
o,

no
ne

pr
ev
en

te
d

V
C

fr
om

oc
cu

rr
in
g.

A
ud

io
is
su
es

w
er
e

so
lv
ed

by
us
in
g
a
ph

on
e.

U
se
r-
ex
pe

ri
en

ce
s
an

d
be

ne
fi
ts
:
It

w
as

le
ss

ne
ce
ss
ar
y
to

tr
av
el

fo
r
co

ns
ul
ta
ti
on

s.
P
at
ie
nt
s
ex
pe

ri
en

ce
d
ti
m
e
sa
vi
ng

an
d
a

re
du

ct
io
n
in

cl
in
ic

bu
rd
en

.
M

or
e

co
nt
in
ui
ty

of
ca
re

w
as

se
en

in
pa

ti
en

ts
in

a
la
te
r
ph

as
e
of

di
se
as
e.

C
om

pl
ia
nc

e:
P
at
ie
nt
s
w
er
e
sa
ti
sf
ie
d
w
it
h

V
C
.
M

aj
or
it
y
of

pa
ti
en

ts
w
er
e
as
si
st
ed

by
ca
re
gi
ve
r.

P
at
ie
nt
s
in

ev
er
y
ph

as
e
of

th
e

di
se
as
e
pr
ef
er
re
d
V
C
.
P
at
ie
nt
s
w
er
e

w
ill
in
g
to

di
sc
us
s
m
os
t
to
pi
cs

th
ro
ug

h
V
C
.

U
se
r-
ex
pe

ri
en

ce
s
an

d
be

ne
fi
ts
:

H
C
P
’s

ex
pe

ri
en

ce
d
ea
si
er

co
m
m
un

ic
at
io
n
w
it
h
lo
ca
l

th
er
ap

is
t.
H
C
P
’s

ar
e
un

ce
rt
ai
n

ab
ou

t
pr
op

er
as
se
ss
m
en

t
an

d
la
ck

a
ph

ys
ic
al

ex
am

in
at
io
n.

N
o
ti
m
e

sa
vi
ng

fo
r
H
C
P
’s
.
M

os
t
to
pi
cs

co
ul
d
be

di
sc
us
se
d
vi
a
V
C
.

A
va
ila

bl
e
re
so
ur
ce
s:

A
te
am

of
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or
di
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an
d
en
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ne

er
s
of

th
e

te
le
he

al
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ed
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an
d
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l
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an
d
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en

ts
.
F
in
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ce
an

d
le
gi
sl
at
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n:

T
he

re
w
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la
ck

of
re
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bu
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em

en
t
fo
r
te
le
he

al
th
.

S
el
ki
rk

et
al
.
(1
1)

C
or
e
co

m
po

ne
nt
s:

P
ri
or

to
a
V
C

pa
ti
en

ts
w
er
e

ev
al
ua

te
d
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th
ei
r
lo
ca
l
te
am

,
a
nu
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e
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lle

d
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ti
en

t
to
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se
ss

bu
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en

,
Q
oL

an
d
A
L
S
F
R
S
-

R
-R

,
an

d
pa

ti
en

ts
’
ne

ed
s
w
er
e
de

te
rm

in
ed
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ri
ng

a
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-w

ee
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y
m
ee
ti
ng

of
th
e
m
ed

ic
al
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.
T
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V
C

w
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th
e
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ti
en

t,
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re
gi
ve
r,
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ca
l
ca
re

te
am

,
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rs
e
an

d
ne

ur
ol
og

is
t
(o
th
er

H
C
P
’s

w
er
e
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ti
on

al
).

C
om

pl
ex
it
y:

n.
r.

U
se
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ri
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s
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d
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ne
fi
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:
V
C
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lo
w
s

fo
r
m
or
e
co

nt
in
ui
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ca
re

th
ro
ug

ho
ut

th
e
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se
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e.
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w
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ne
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ss
ar
y
to

tr
av
el

fo
r
co

ns
ul
ta
ti
on

s.
Q
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y
of

ca
re

w
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eq
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va
le
nt

be
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ee
n
re
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la
r
ca
re
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d

te
le
he

al
th
.

C
om

pl
ia
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e:
n.
r.

U
se
r-
ex
pe

ri
en

ce
s
an

d
be

ne
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ts
:
n.
r.

A
va
ila

bl
e
re
so
ur
ce
s:

T
he

ca
re

pr
ot
oc

ol
fo
r
te
le
he

al
th
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m
e
fo
r
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-c
lin
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r
st
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f
re
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en
t
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ri
ng
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ta
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in
an

ce
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le
gi
sl
at
io
n:

n.
r.
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at
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s
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in
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.
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at
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e
pa
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in
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e.
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it
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T
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ai
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y
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t
an
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e
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.
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e
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o
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s
w
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a
m
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is
su
e.

In
te
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co
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w
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of
te
n
un
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le
an
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un

pr
ed

ic
ta
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e.

U
se
r-
ex
pe

ri
en

ce
s
an

d
be

ne
fi
ts
:
It

w
as

le
ss

ne
ce
ss
ar
y
to

tr
av
el

fo
r
co

ns
ul
ta
ti
on

s.
C
om

pl
ia
nc

e:
P
at
ie
nt
s
w
er
e
sa
ti
sf
ie
d
w
it
h

te
le
he

al
th
,
in
de

pe
nd

en
t
of

A
L
S
se
ve
ri
ty

an
d
di
st
an

ce
fr
om

ce
nt
er
.
C
om

fo
rt

w
it
h

us
in
g
te
ch

no
lo
gy

de
te
rm

in
es

en
th
us
ia
sm

.

U
se
r-
ex
pe

ri
en

ce
s
an

d
be

ne
fi
ts
:

M
ix
ed

ex
pe

ri
en

ce
s
w
it
h
th
e
ea
se

of
th
e
pr
oc

es
s,

la
ck

of
ph

ys
ic
al

co
nt
ac
t
an

d
ti
m
e
re
qu

ir
em

en
t.

H
C
P
’s

ha
d
lim

it
ed

av
ai
la
bi
lit
y
on

cl
in
ic

da
ys
.
T
he

in
fo
rm

at
io
n

ob
ta
in
ed

fr
om

te
le
he

al
th

w
as

su
ff
ic
ie
nt
.
H
C
P
’s

as
se
ss
ed

th
e

vi
de

o
at

th
ei
r
co

nv
en

ie
nc

e.

A
va
ila

bl
e
re
so
ur
ce
s:

A
ll
m
em

be
r
of

th
e
m
ul
ti
di
sc
ip
lin

ar
y
te
am

pr
ov

id
ed

ex
te
ns
iv
e
tr
ai
ni
ng

to
th
e

nu
rs
e
in

as
se
ss
m
en

t
sk
ill
s.

C
lin

ic
di
re
ct
or

co
nd

uc
te
d

vi
de

oc
on

fe
re
nc

es
w
it
h
nu

rs
e
at

pa
ti
en

t’
s
ho

m
e.

In
ex
pe

ns
iv
e

co
m
m
er
ci
al

de
vi
ce
s
w
er
e
us
ed

.
F
in
an

ce
an

d
le
gi
sl
at
io
n:

T
he

re
w
as

a
la
ck

of
re
im

bu
rs
em

en
t
fo
r

te
le
he

al
th
.
T
he

re
w
as

no
te
am

co
nf
er
en

ce
to

di
sc
us
s
a
ca
se
.

H
om

e-
ba
se
d
se
lf-
m
on
ito

ri
ng

V
it
ac
ca

et
al
.
(1
6)

C
or
e
co

m
po

ne
nt
s:

P
at
ie
nt
s
pe

rf
or
m
ed

da
ily

at
-

ho
m
e
as
se
ss
m
en

ts
of

pu
ls
e
ox

im
et
ry
.
W
ee
kl
y

sc
he

du
le
d
ca
ll
fr
om

a
nu

rs
e
fo
r
a
cl
in
ic
al

in
te
rv
ie
w
,
co

ns
ul
ta
ti
on

pl
an

ni
ng

,
up

da
ti
ng

cl
in
ic
al

da
ta

(o
xi
m
et
ry
)
an

d
re
di
re
ct
in
g
to

a
ge
ne

ra
l
pr
ac
ti
ti
on

er
or

sp
ec
ia
lis
t.
T
he

re
w
as

a
24

h
av
ai
la
bi
lit
y
of

se
co

nd
-o
pi
ni
on

by
a

re
sp
ir
at
or
y
th
er
ap

is
t.
A

ca
ll-
ce
nt
er

fa
ci
lit
at
ed

co
m
m
un

ic
at
io
n.

C
om

pl
ex
it
y:

n.
r.

U
se
r-
ex
pe

ri
en

ce
s
an

d
be

ne
fi
ts
:
P
at
ie
nt
s

w
er
e
ex
tr
em

el
y
sa
ti
sf
ie
d
w
it
h
th
e
nu

rs
e

as
si
st
an

ce
.
P
at
ie
nt
s
ha

d
m
or
e
co

nf
id
en

ce
in

ha
nd

lin
g
th
e
di
se
as
e.

24
h
av
ai
la
bi
lit
y

of
se
co

nd
-o
pi
ni
on

w
as

va
lu
ab

le
.

T
el
eh

ea
lt
h
pr
ov

id
ed

au
to
no

m
y
an

d
co

nt
in
ui
ty

of
in
fo
rm

at
io
n
an

d
ca
re
.

C
om

pl
ia
nc

e:
M

aj
or
it
y
of

pa
ti
en

ts
w
er
e

as
si
st
ed

by
ca
re
gi
ve
r.
C
ar
eg
iv
er

sp
ok

e/
as
si
st
ed

w
he

n
pa

ti
en

t
lo
st

sp
ee
ch

.
D
ev
ic
es

w
er
e
si
m
pl
e
to

us
e.

U
se
r-
ex
pe

ri
en

ce
s
an

d
be

ne
fi
ts
:
n.
r.

A
va
ila

bl
e
re
so
ur
ce
s:

N
ur
se

m
on

it
or
ed

50
pa

ti
en

ts
w
it
h
a

cl
in
ic
al

A
L
S
-c
ar
d.

O
n
de

m
an

d
av
ai
la
bi
lit
y
of

a
nu

rs
e
du

ri
ng

w
or
ki
ng

ho
ur
s.

P
ro
vi
di
ng

24
/7

ca
ll-
ce
nt
er

se
rv
ic
e
an

d
se
co

nd
op

in
io
n
by

a
ge
ne

ra
l
pr
ac
ti
ti
on

er
or

sp
ec
ia
lis
t.
N
o
de

di
ca
te
d
th
er
ap

is
t

ne
ed

ed
fo
r
se
co
nd

op
in
io
n.

F
in
an

ce
an

d
le
gi
sl
at
io
n:

S
ys
te
m

is
be

lie
ve
d
to

be
su
st
ai
na

bl
e
in

te
rm

s
of

co
st

an
d
st
af
f
ti
m
e
re
qu

ir
ed

(n
o

an
al
ys
is
co
nd

uc
te
d)
.
V
ar
ie
ty

of
fix

ed
an

d
va
ri
ab

le
co
st
s.

V
it
ac
ca

et
al
.
(1
7)

C
or
e
co

m
po

ne
nt
s:

P
at
ie
nt
s
pe

rf
or
m
ed

at
-h
om

e
as
se
ss
m
en

ts
of

M
A
C
,
pu

ls
e
ox

im
et
ry

an
d

ai
rw

ay
su
ct
io
ni
ng

.
M

I-
E

w
as

pr
ov

id
ed

fo
r

pa
ti
en

ts
in

w
hi
ch

bl
oo

d
ox

yg
en

sa
tu
ra
ti
on

co
ul
d
no

t
be

re
st
or
ed

.
W
ee
kl
y
sc
he

du
le
d
ca
ll

fr
om

re
sp
ir
at
or
y
th
er
ap

is
t.
C
al
ls
fr
om

pa
ti
en

ts
w
er
e
re
di
re
ct
ed

by
a
nu

rs
e
to

on
e
of

th
e
sp
ec
ia
lis
ts

fo
r
co

ns
ul
ta
ti
on

or
ho

m
e-
vi
si
t.

A
ca
ll-
ce
nt
er

fa
ci
lit
at
ed

co
m
m
un

ic
at
io
n.

C
om

pl
ex
it
y:

n.
r.

U
se
r-
ex
pe

ri
en

ce
s
an

d
be

ne
fi
ts
:
F
ew

er
ho

sp
it
al

ad
m
is
si
on

s
an

d
em

er
ge
nc

y
ro
om

vi
si
ts
.
P
at
ie
nt
s
ex
pe

ri
en

ce
d
an

in
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ea
se
d

fe
el
in
g
of

se
cu

ri
ty
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r
ho

m
e
m
an

ag
em

en
t

an
d
co

ns
id
er
ed
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e
in
te
rv
en

ti
on
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fe
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iv
e.

C
om

pl
ia
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e:
n.
r.

U
se
r-
ex
pe

ri
en

ce
s
an

d
be

ne
fi
ts
:

H
C
P
’s
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pe

ri
en

ce
d
an

in
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ea
se
d

fe
el
in
g
of

se
cu

ri
ty

fo
r

ho
m
e
m
an

ag
em

en
t.

A
va
ila

bl
e
re
so
ur
ce
s:

O
n
de

m
an

d
te
le
ph

on
e
ac
ce
ss

to
a
tr
ia
ge

nu
rs
e

w
ho

di
re
ct
ed

ca
lls

to
a
sp
ec
ia
lis
t.

T
he

ra
pi
st

ca
lle

d
pa

ti
en

ts
w
ee
kl
y.

P
at
ie
nt
s
w
er
e
tr
ai
ne

d
to

re
st
or
e

bl
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d
ox
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sa
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ra
ti
on
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ro
ug

h
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ed
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ug

hi
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an
d
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er
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y
ro
om
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.

F
in
an

ce
an

d
le
gi
sl
at
io
n:

T
he

re
w
as

a
la
ck

of
re
im

bu
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em

en
t
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r

te
le
he

al
th
.
A
dd

it
io
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l
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st
s
w
er
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ho
m
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an
d
de

vi
ce
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nt
al
.

In
te
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en

ti
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w
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sh
ow
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be
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-e
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ec
ti
ve
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e
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du
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at
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s.
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ch
ar
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st
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at
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s
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et
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.
(1
8)

C
or
e
co

m
po

ne
nt
s:

P
at
ie
nt
s
pe

rf
or
m
ed

da
ily

at
-

ho
m
e
as
se
ss
m
en

ts
of

pu
ls
e
ox

im
et
ry
.
W
ee
kl
y

sc
he

du
le
d
ca
lls

fr
om

a
nu

rs
e
fo
r
a
cl
in
ic
al

in
te
rv
ie
w
,
up

da
ti
ng

cl
in
ic
al

da
ta

(o
xi
m
et
ry
)

an
d
re
di
re
ct
in
g
to

a
ge
ne

ra
l
pr
ac
ti
ti
on

er
or

sp
ec
ia
lis
t.
In

ad
di
ti
on

,
pa

ti
en

ts
co

ul
d
re
qu

es
t

ca
lls

24
/7
.
A

ca
ll-
ce
nt
er

fa
ci
lit
at
ed

co
m
m
un

ic
at
io
n.

A
n
A
L
S
ca
rd
-o
f-
ri
sk

gu
id
ed

te
le
ph

on
e-
ac
ce
ss
ed

cl
in
ic
al

in
te
rv
ie
w
s
an

d
fa
ci
lit
at
ed

m
on

it
or
in
g,

ca
re

an
d

in
te
ro
pe

ra
bi
lit
y.

C
om

pl
ex
it
y:

n.
r.

U
se
r-
ex
pe

ri
en

ce
s
an

d
be

ne
fi
ts
:
n.
r.

C
om

pl
ia
nc

e:
C
ar
eg
iv
er

ne
ed

ed
to

as
si
st

pa
ti
en

ts
.

U
se
r-
ex
pe

ri
en

ce
s
an

d
be

ne
fi
ts
:
n.
r.

A
va
ila

bl
e
re
so
ur
ce
s:

P
ro
vi
di
ng

on
de

m
an

d
ac
ce
ss

to
a
nu

rs
e
du

ri
ng

w
or
ki
ng

ho
ur
s
an

d
24

/7
ca
ll-

ce
nt
er

se
rv
ic
e
an

d
se
co

nd
op

in
io
n

by
th
er
ap

is
t.
P
ro
vi
di
ng

nu
rs
es

w
it
h

tr
ai
ni
ng

to
us
e
th
e
A
L
S
-c
ar
d
to

m
on

it
or

di
se
as
e
st
at
us

an
d
to

gu
id
e
cl
in
ic
al

in
te
rv
ie
w
s.

C
lin

ic
al

A
L
S
-c
ar
d
sa
ve
d
ti
m
e
an

d
ex
pe

ns
es

on
te
le
ph

on
e
ca
lls
.

F
in
an

ce
an

d
le
gi
sl
at
io
n:

H
ea
lt
h

ex
pe

nd
it
ur
e
po

lic
y
ne

ed
s

op
ti
m
iz
at
io
n
of

st
af
f’
s
co

st
s.

L
ar
ge

va
ri
et
y
of

fi
xe
d
an

d
va
ri
ab

le
co

st
s.

C
os
ts

w
er
e
ex
tr
ap

ol
at
ed

on
lo
ng

-
te
rm

st
ea
dy

-s
ta
te

te
le
he

al
th

ac
ti
vi
ty
,
in
cl
ud

in
g
ot
he

r
ch

ro
ni
c
di
se
as
es
.

P
an

er
on

i
et

al
.
(1
9)

C
or
e
co

m
po

ne
nt
s:

P
at
ie
nt
s
pe

rf
or
m
ed

da
ily

as
se
ss
m
en

ts
of

P
C
E
F
,
pu

ls
e
ox

im
et
ry

an
d

re
sp
ir
at
or
y
di
sc
om

fo
rt
.
P
at
ie
nt
s
al
so

re
po

rt
ed

ch
an

ge
s
in

re
sp
ir
at
or
y
an

d
cl
in
ic
al

co
nd

it
io
n

in
a
di
ar
y.

B
i-
w
ee
kl
y
sc
he

du
le
d
te
le
ph

on
ic

su
pp

or
t
fr
om

a
ph

ys
io
th
er
ap

is
t.
D
at
a
w
as

m
os
tl
y
tr
an

sm
it
te
d
th
ro
ug

h
em

ai
l
or

te
le
ph

on
e.

C
om

pl
ex
it
y:

H
ig
h
nu

m
be

r
of

da
ily

as
se
ss
m
en

ts
an

d
co

m
pl
ex

of
re
po

rt
in
g.

U
se
r-
ex
pe

ri
en

ce
s
an

d
be

ne
fi
ts
:
n.
r.

C
om

pl
ia
nc

e:
C
ar
eg
iv
er
s
ne

ed
ed

to
as
si
st

w
he

n
a
pa

ti
en

t
w
as

to
o
im

pa
ir
ed

.
P
at
ie
nt
s
sh
ow

ed
lo
w

ad
he

re
nc

e
w
it
h
th
e

m
on

it
or
in
g
pr
ot
oc

ol
.

U
se
r-
ex
pe

ri
en

ce
s
an

d
be

ne
fi
ts
:
n.
r.

A
va
ila

bl
e
re
so
ur
ce
s:

P
ro
vi
si
on

of
te
le
ph

on
ic

su
pp

or
t
by

a
de

di
ca
te
d

th
er
ap

is
t.

F
in
an

ce
an

d
le
gi
sl
at
io
n:

n.
r.

A
nd

o
et

al
.
(1
5)

C
or
e
co

m
po

ne
nt
s:

A
ta
bl
et
-s
ty
le

de
vi
ce

w
as

us
ed

by
pa

ti
en

ts
fo
r
an

sw
er
in
g
qu

es
ti
on

s
an

d
tr
an

sf
er
ri
ng

no
ct
ur
na

l
pu

ls
e
ox

im
et
ry

da
ta

w
ee
kl
y.

P
at
ie
nt
s
co

ul
d
m
es
sa
ge

th
e
cl
in
ic
al

te
am

at
an

y
ti
m
e.

A
ll
pa

ti
en

ts
re
ce
iv
ed

ed
uc

at
io
n
on

sy
m
pt
om

s
re
la
te
d
to

ch
es
t

in
fe
ct
io
ns

an
d
re
sp
ir
at
or
y
m
an

ag
em

en
t

C
om

pl
ex
it
y:

n.
r.

U
se
r-
ex
pe

ri
en

ce
s
an

d
be

ne
fi
ts
:

C
om

pl
ia
nc

e:
P
at
ie
nt
s
sh
ow

ed
hi
gh

le
ve
ls

of
ad

he
re
nc

e
w
it
h
te
le
m
on

it
or
in
g.

U
se
r-
ex
pe

ri
en

ce
s
an

d
be

ne
fi
ts
:

H
C
P
’s

ha
d
th
e
ab

ili
ty

to
re
m
ot
el
y

m
on

it
or

pa
ti
en

t’
s
sy
m
pt
om

s
ef
fe
ct
iv
el
y
an

d
of
fe
r
ti
m
el
y
an

d
ap

pr
op

ri
at
e
su
pp

or
t.

A
va
ila

bl
e
re
so
ur
ce
s:

n.
r.

F
in
an

ce
an

d
le
gi
sl
at
io
n:

n.
r.

A
nd

o
et

al
.
(2
0)

C
or
e
co

m
po

ne
nt
s:

A
ta
bl
et
-s
ty
le

de
vi
ce

th
at

al
lo
w
s
cl
in
ic
ia
ns

to
m
on

it
or

pa
ti
en

t
ou

ts
id
e

of
th
e
cl
in
ic
,
re
ga
rd
in
g
th
ei
r
sy
m
pt
om

ch
an

ge
s,

N
IV

re
la
te
d
re
la
te
d
is
su
es
,

no
ct
ur
na

l
bl
oo

d
ox

yg
en

sa
tu
ra
ti
on

le
ve
ls
,

an
d
pa

ti
en

t-
ve
nt
ila

to
r
in
te
ra
ct
io
n
da

ta
.
T
he

sy
st
em

ge
ne

ra
te
d
al
er
ts

fo
r
sy
m
pt
om

w
or
se
ni
ng

.

U
se
r-
ex
pe

ri
en

ce
s
an

d
be

ne
fi
ts
:
P
at
ie
nt
s

ex
pe

ri
en

ce
d
ti
m
el
y
in
te
rv
en

ti
on

s,
w
hi
ch

re
su
lt
ed

in
im

pr
ov

ed
ph

ys
ic
al

an
d

ps
yc
ho

lo
gi
ca
l
w
el
l-
be

in
g.

R
ed

uc
ed

nu
m
be

r
of

(u
nn

ec
es
sa
ry
)
cl
in
ic

vi
si
ts
,

sa
vi
ng

ti
m
e
an

d
co

st
s.

In
cr
ea
se
d
se
lf
-

aw
ar
en

es
s
w
as

ex
pe

ri
en

ce
d
by

pa
ti
en

ts
.

C
om

pl
ia
nc

e:
P
at
ie
nt
s
w
er
e
su
pp

or
ti
ve

of

U
se
r-
ex
pe

ri
en

ce
s
an

d
be

ne
fi
ts
:n
.r
.

A
va
ila

bl
e
re
so
ur
ce
s:

n.
r.

F
in
an

ce
an

d
le
gi
sl
at
io
n:

n.
r.
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ue
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T
ab
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(C
on
tin

ue
d)
.

P
ub

lic
at
io
n

In
no

va
ti
on

ch
ar
ac
te
ri
st
ic
s

P
at
ie
nt
/c
ar
eg
iv
er

ch
ar
ac
te
ri
st
ic
s

H
ea
lt
hc

ar
e
pr
of
es
si
on

al
ch

ar
ac
te
ri
st
ic
s

In
ne

r
an

d
ou

te
r
se
tt
in
g

C
om

pl
ex
it
y:

T
he

re
w
er
e
so
m
e
te
ch

ni
ca
l

is
su
es
,
bu

t
th
es
e
w
er
e
of
te
n
m
in
or

an
d

qu
ic
kl
y
re
so
lv
ed

.
T
he

m
es
sa
ge

fu
nc

ti
on

le
ad

to
fr
us
tr
at
io
ns

du
e
to

to
o
sm

al
l
ke
ys

an
d

sh
or
t
ti
m
e
al
lo
w
an

ce
fo
r
fo
rm

ul
at
in
g

a
m
es
sa
ge
.

re
gu

la
r
m
on

it
or
in
g
an

d
ge
ne

ra
lly

ex
pe

ri
en

ce
d
th
e
us
e
of

te
ch

no
lo
gy

as
ea
sy
.
U
si
ng

th
e
m
es
sa
ge

fu
nc

ti
on

w
as

fr
us
tr
at
in
g
an

d
ch

al
le
ng

in
g
fo
r

so
m
e
pa

ti
en

ts
.

H
ob

so
n

et
al
.
(2
1)

C
or
e
co

m
po

ne
nt
s:

A
us
er
-c
en

te
re
d
te
le
he

al
th

se
rv
ic
e
in
cl
ud

in
g
w
ee
kl
y
as
se
ss
m
en

ts
of

bo
dy

w
ei
gh

t
an

d
ba

la
nc

e,
an

d
us
in
g
a
ta
bl
et

to
co

m
pl
et
e
qu

es
ti
on

s
on

fu
nc

ti
on

al
ab

ili
ty
,

pr
og

re
ss
io
n,

sy
m
pt
om

s,
w
el
l-
be

in
g.

A
nu

rs
e

co
ul
d
vi
ew

th
e
da

ta
on

a
w
eb

si
te
;
sh
e

ph
on

ed
pa

ti
en

ts
,
ex
pe

di
te
d
ap

po
in
tm

en
ts

an
d
lia

lis
ed

th
e
m
ed

ic
al

te
am

.
T
he

sy
st
em

ge
ne

ra
te
d
al
er
ts

fo
r
di
se
as
e
w
or
se
ni
ng

.
C
om

pl
ex
it
y:

T
he

re
w
er
e
so
m
e
te
ch

ni
ca
l

is
su
es
,
bu

t
th
es
e
w
er
e
re
so
lv
ed

.
T
he

co
nn

ec
ti
vi
ty

of
w
if
i-
en

ab
le
d
sc
al
es

w
as

un
re
lia

bl
e.

T
he

so
ft
w
ar
e
w
as

us
er
-f
ri
en

dl
y

an
d
ac
ce
ss
ib
le

fo
r
pa

ti
en

ts
/c
ar
eg
iv
er
s.

U
se
r-
ex
pe

ri
en

ce
s
an

d
be

ne
fi
ts
:
P
at
ie
nt
s/

ca
re
gi
ve
rs

ex
pe

ri
en

ce
d
im

pr
ov

ed
aw

ar
en

es
s
of

th
e
di
se
as
e,

re
as
su
ra
nc

e
du

e
to

in
cr
ea
se
d
m
on

it
or
in
g
an

d
a
be

tt
er

co
nn

ec
ti
on

w
it
h
th
e
H
C
P
’s
.
F
ac
e-
to
-f
ac
e

te
ch

no
lo
gy

tr
ai
ni
ng

w
as

pe
rc
ei
ve
d
as

im
po

rt
an

t.
P
at
ie
nt
s/
ca
re
gi
ve
rs

w
ou

ld
re
co

m
m
en

d
te
le
he

al
th

to
ot
he

rs
.

C
om

pl
ia
nc

e:
G
oo

d
ad

he
re
nc

e
to

se
lf
-

m
on

it
or
in
g
w
as

ob
se
rv
ed

.
A
cc
or
di
ng

ly
,

se
lf
-m

on
it
or
in
g
w
as

ea
sy
,
no

t
ti
ri
ng

or
ti
m
e
co

ns
um

in
g,

an
d
no

t
di
st
re
ss
in
g.

S
om

e
ex
pe

ri
en

ce
d
di
ff
ic
ul
ty

us
in
g

te
ch

no
lo
gy

du
e
to

up
pe

r
lim

b
di
sa
bi
lit
y.

C
ar
eg
iv
er
s
as
si
st
ed

w
he

n
pa

ti
en

ts
w
er
e

to
o
im

pa
ir
ed

.
L
ow

pe
rc
ei
ve
d
ab

ili
ty

to
m
as
te
r
te
ch

no
lo
gy
,
du

e
to

in
ex
pe

ri
en

ce
w
it
h
te
ch

no
lo
gy
.

U
se
r-
ex
pe

ri
en

ce
s
an

d
be

ne
fi
ts
:

T
el
eh

ea
lt
h
us
e
w
as

ve
ry

ea
sy

an
d

co
st

lit
tl
e
ti
m
e.

T
he

nu
rs
e
co

ul
d

id
en

ti
fy

ea
rl
y
pr
ob

le
m
s,

ho
w
ev
er

th
e
in
fo
rm

at
io
n
fr
om

m
on

it
or
in
g

w
as

so
m
et
im

es
no

t
de

ta
ile

d
en

ou
gh

.
R
ep

et
it
iv
e
al
er
ts

w
er
e

fr
us
tr
at
in
g
fo
r
th
e
nu

rs
e
an

d
re
qu

ir
ed

m
or
e
ti
m
e.

O
n
m
os
t

oc
ca
si
on

s
th
e
in
fo
rm

at
io
n
fr
om

m
on

it
or
in
g
w
as

su
ff
ic
ie
nt

fo
r
a

H
C
P
to

m
ak
e

ap
pr
op

ri
at
e
de

ci
si
on

s.

A
va
ila

bl
e
re
so
ur
ce
s:

P
ro
vi
si
on

of
tr
ai
ni
ng

fo
r
te
ch

no
lo
gy

us
e
an

d
pr
ov

is
io
n
of

te
ch

ni
ca
l
su
pp

or
t.

F
in
an

ce
an

d
le
gi
sl
at
io
n:

n.
r.

R
em

ot
e
N
IV

m
on
ito

ri
ng

de
A
lm

ei
da

et
al
.
(2
2)

C
or
e
co

m
po

ne
nt
s:

A
n
N
IV

de
vi
ce

w
it
h
fl
ex
ib
le

us
e
of

el
ec
tr
on

ic
sl
ot
s
an

d
bi
-d
ir
ec
ti
on

al
da

ta
tr
an

sm
is
si
on

w
as

us
ed

fo
r
re
m
ot
e

m
on

it
or
in
g.
A

he
lp
lin

e
w
as

av
ai
la
bl
e
fo
r

te
ch

ni
ca
l
is
su
es

or
w
or
se
ni
ng

of
cl
in
ic
al

co
nd

it
io
n.

T
ec
hn

ic
ia
n
m
on

it
or
ed

N
IV

da
ta

an
d
fl
ag
ge
d
ph

ys
ic
ia
n
fo
r
im

m
ed

ia
te

ch
an

ge
of

se
tt
in
gs
.

C
om

pl
ex
it
y:

T
he

sy
st
em

w
as

su
it
ab

le
an

d
w
or
ke
d
w
el
l.
T
he

co
nn

ec
ti
on

w
as

fo
un

d
to

be
ro
bu

st
fo
r
tr
an

sm
is
si
on

of
da

ta
an

d
se
tt
in
g
ch

an
ge
s.

T
he

sp
ee
d
of

da
ta

ex
tr
ac
ti
on

w
as

a
lim

it
at
io
n.

T
he

re
w
as

ne
ed

of
a
fi
xe
d
te
le
ph

on
e
lin

e.
T
he

re
w
er
e
is
su
es

w
it
h
co

nf
id
en

ti
al
it
y.

U
se
r-
ex
pe

ri
en

ce
s
an

d
be

ne
fi
ts
:
R
ed

uc
ed

ne
ed

to
tr
av
el

to
ad

ju
st

N
IV

se
tt
in
gs
.

C
om

pl
ia
nc

e:
P
os
it
iv
e
co

m
m
en

ts
fr
om

pa
ti
en

ts
on

ea
si
ne

ss
of

se
tt
in
g

ar
ra
ng

em
en

ts
.
A
ut
om

at
ic

m
on

it
or
in
g

lim
it
ed

th
e
ne

ed
fo
r
m
an

ua
l
in
te
rv
en

ti
on

.

U
se
r-
ex
pe

ri
en

ce
s
an

d
be

ne
fi
ts
:

H
C
P
’s

la
ck
ed

th
e
se
ns
e
of

to
uc

h.
T
he

sy
st
em

ea
se
d
co

m
m
un

ic
at
io
n

w
it
h
pa

ti
en

t.
H
C
P
’s

ha
d
th
e

ab
ili
ty

to
re
m
ot
el
y
m
on

it
or

an
d

ch
an

ge
N
IV

se
tt
in
gs
.

A
va
ila

bl
e
re
so
ur
ce
s:

H
el
pl
in
e
su
pp

or
t

w
as

pr
ov

id
ed

.
T
es
ti
ng

ph
as
e
w
as

re
qu

ir
ed

to
te
st

sa
fe
ty
,

ac
ce
pt
ab

ili
ty

an
d
ac
cu

ra
cy
.
H
ir
in
g

te
ch

ni
ci
an

fo
r
m
on

it
or
in
g
of

N
IV

da
ta

an
d
ch

ec
ki
ng

th
e
pr
oc

ed
ur
e

an
d
m
is
ta
ke
s.

F
in
an

ce
an

d
le
gi
sl
at
io
n:

U
nr
es
ol
ve
d
is
su
es

w
it
h
lic

en
su
re
,

re
im

bu
rs
em

en
t,

te
le
co

m
m
un

ic
at
io
ns

in
fr
as
tr
uc

tu
re

an
d
ro
bu

st
an

al
ys
is

of
co

st
-

ef
fe
ct
iv
en

es
s.

(C
on
tin
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(C
on
tin

ue
d)
.

P
ub

lic
at
io
n

In
no

va
ti
on

ch
ar
ac
te
ri
st
ic
s

P
at
ie
nt
/c
ar
eg
iv
er

ch
ar
ac
te
ri
st
ic
s

H
ea
lt
hc

ar
e
pr
of
es
si
on

al
ch

ar
ac
te
ri
st
ic
s

In
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Healthcare professional characteristics.
User-experiences and benefits. One study showed that
healthcare professionals were generally satisfied with
the communication and provision of care during vid-
eoconferences (10). In addition, videoconferencing
enabled a local therapist to attend the consultations,
which normally was not possible with in-clinic care
(12). The healthcare professionals in two studies
were able to discuss most, but not all, topics (as
reported by patients) through videoconferencing
(12,13). Despite these positive experiences, several

studies indicated the lack of a sense of touch per-
ceived by healthcare professionals (10,13,14) and
one study reported that healthcare professionals
might be uncertain about whether videoconferencing
allows for an appropriate medical assessment (13).
Additionally, in one study, healthcare professionals
expressed dissatisfaction with the quality of the video
and audio, and reported that telehealth was not
equal to in-person care (10). One study reported
mixed opinions on time requirement and ease of the
process of the store and forward method (14).

Table 4. The barriers to and facilitators of telehealth use/implementation in ALS care.

Facilitators
Innovation characteristics Complexity

� Robust wireless connection
� User-friendly devices
� Additional aids for devices

Patient/caregiver characteristics User-experiences and benefits
� Reduced travel time and burden
� Reduced clinic burden
� Fewer hospital admissions/ emergency room visits
� Increased feeling of enablement/ self-confidence
� Increased feeling of security
Compliance
� Easy to use devices
� Comfort and familiarity with using technology
� Caregiver assistance
� Automatic monitoring
� High adherence to self-monitoring

Healthcare professional characteristics User-experiences and benefits
� Increased feeling of security
� Insight into remote monitoring of data
� Better communication

Inner and outer setting Available resources
� Ongoing support for end-users
� Training of end-users
� Standardized clinical assessment (card-of-risk)
Finance and legislation
� Sustainable in costs and time requirement
� Cost-effective MI-E rental/ NIV use
� Inexpensive commercial devices
� Reduced hospitalization costs

Barriers
Innovation characteristics Complexity

� Cumbersome monitoring protocol
� Technical issues
� Slow internet connection
� Slow data extraction/ buffering

Patient/caregiver characteristics User-experiences and drawbacks
� Lack of physical evaluation/contact
Compliance
� Low adherence to self-monitoring
� Unwilling to discuss sensitive topics through telehealth

Healthcare professional characteristics User-experiences and benefits
� Lack of physical evaluation/ contact
� Uncertainty about comprehensive medical assessment
� No time saving/ costing extra time

Inner and outer setting Finance and legislation
� Big initial investment
� Large variety of fixed and variable costs
� Lack of reimbursement
� Lack of cost-effectiveness analyses

ALSFRS-R: ALS functional rating scale; HCP: healthcare professional; G: patients with gastrostomy; M:
Mean; MAC: mechanical assisted coughing; MI-E: mechanical in-exsufflation; NIV: noninvasive ventilation;
n.r.: not reported; PCEF: peak cough expiration flow; QoL: quality of life; V: ventilated patients; VC:
videoconference.
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The inner and outer setting.
Available resources. Studies showed that the care

protocol for videoconferences was the same as for
in-clinic care, including equal staff requirement
during consultations (10,11). In a couple of stud-
ies, training of healthcare professionals and
patients was required for using videoconferencing
(12–14). Technical support for healthcare profes-
sionals in two studies was provided by an external
information technology organization (12) or the
internal telehealth division (13).

Finance and legislation. One study reported a
lack of reimbursement for telehealth (13).

Home-based self-monitoring (n5 7)

Innovation characteristics.
Core components. Studies included the at-home

assessment of oximetry (15–20), questions on
functional status and symptoms (15,20,21), manu-
ally or mechanically assisted coughing, airway suc-
tioning and mechanical in-exsufflation (MI-E)
(16), peak cough expiration flow, respiratory dis-
comfort and a clinical diary on changes in clinical
condition (19), and body weight and balance (21).
Some studies used a monitoring protocol with
daily assessments (17–19), while a number of
other studies applied a weekly or bi-weekly moni-
toring protocol (15,20,21). Self-monitored data
was transmitted either through telephone or a tab-
let device (15–21).

Complexity. One study reported that self-moni-
toring seemed to be too cumbersome due to the
large number of daily assessments and complexity
of reporting (19). In contrast, adhering to the self-
monitoring protocol in other studies was consid-
ered to be easy, due to an appropriate frequency
of monitoring and user-friendly technology
(15,21). Specifically oximeters and tablet devices
were reported to be user-friendly (17,20,21). In
some cases, the self-monitoring protocol was rein-
forced by home visits (17) or telephone
calls (17,21).

Patient characteristics.
User-experiences and benefits. Satisfaction with

telehealth was reported in three studies (15,17,21).
Patients reported increased awareness of the dis-
ease (15,21), more confidence in dealing with the
disease (17) and an increased feeling of security
for home management of respiratory symptoms
(16). A reduction in hospital admissions was seen
in one study (16) and in another study, the num-
ber of unnecessary clinic visits was reduced, result-
ing in a saving in time and costs (15).

Compliance. In several studies, patients were
assisted by a caregiver when they were too

impaired (16–18,21). Patients reported in two
studies that devices worked well and were easy to
use (15,17), but patients in another study had dif-
ficulty using a tablet device due to upper limb dis-
ability (21). One study reported that patients
showed low compliance with a monitoring protocol
with multiple daily measurements (19). In con-
trast, two studies reported high adherence with a
(bi-)weekly monitoring protocol (15,21).
Accordingly, patients and caregivers in these stud-
ies reported that self-monitoring was easy, not
time-consuming nor tiring.

Healthcare professional characteristics.
User-experiences and benefits. It was reported that
telehealth allowed healthcare professionals to
monitor symptoms effectively, provide timely sup-
port (15) and make appropriate decisions in care
(21). One study reported that telephone-assisted
self-monitoring increased healthcare professionals’
feeling of security for home management of
respiratory symptoms (16). A telehealth nurse
reported that telehealth was easy to use and not
time-consuming (21). However, she also reported
that information from self-monitoring was often
not detailed enough and that repetitive alerts lead
to frustration.

The inner and outer setting.
Available resources. Studies reported that med-

ical support could be requested through a tele-
phone-call (15–21), a message system (15,20) or
email (21), and that support was provided by
either a therapist or a nurse. In one study a tele-
health nurse remotely monitored patients through
a clinical portal, phoned patients, expedited
appointments and liaised the medical team (21).
In another study, nurses used a standardized ALS
card-of-risk to guide telephonic clinical interviews
(18). Nurses in these studies required training for
operating the ALS card-of-risk and the clinical
portal. Healthcare professionals provided face-to-
face training to patients in the process of restoring
blood oxygen saturation (16) and in operating a
tablet (21).

Finance and legislation. It was reported that on-
demand MI-E rental was cost-effective compared
to continuous rental and that fewer hospital admis-
sions reduced hospitalization costs (16).
Telephone-assistance was believed to be sustain-
able in terms of cost and staff requirement (17).
Reported barriers to the continuation of telehealth
use were a lack of information on cost-effectiveness
(18) and a lack of reimbursement (16). A large
variety of fixed and variable costs related to tele-
assistance were seen in two studies (17,18).
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Remote NIV monitoring (n5 4)

Innovation characteristics. Core
components. Studies reported using an NIV device
with bi-directional data transmission, which
allowed for automatic transmission of NIV data
and remote adjustment of NIV settings (22–25).
NIV devices had flexible use of electronic slots,
which allowed arrangements to be tailored to
patients’ needs (22,24). In two studies, patients
had access to a helpline for on-demand medical or
technical support; technicians monitored NIV data
and flagged the physician to immediately change
settings (22,25).

Complexity. Two studies reported that the NIV
devices were easy to use and showed robust wire-
less connection tests for transmission of data and
setting changes (22,24). In one study, additional
functionalities and aids were provided to facilitate
NIV use (24). The speed of data extraction was
limited in two studies (22,25).

Patient characteristics. User-experiences and
benefits. The main benefit for patients was a
reduced need to travel to the clinic for adjustment
of NIV settings (22–25). Additionally, fewer hos-
pital admissions were reported (23,25). In one
study, patients experienced improved enablement
and more confidence in managing the dis-
ease (23).

Compliance. The bi-directional and automatic
functionality limited the need for manual interven-
tion by patients and caregivers for monitoring.
Patients reported that the NIV devices were easy
to use, and that settings were easy to change/
arrange (22,24). In one study, patients appreciated
the extra aids that were provided to facilitate NIV
use (24).

Healthcare professional characteristics.
User-experiences and benefits. One study reported
that remote monitoring facilitated communication
with the patient, but that healthcare professionals
missed the sense of touch.(10) In all studies,
healthcare professionals had the ability to remotely
monitor NIV and adjust settings, which would not
be possible with usual in-clinic care (22–25).

The inner and outer setting. Available
resources. In some studies, on-demand support was
provided through a helpline (22,25). A testing
phase was required in two studies and (cardio-pul-
monology) technicians were hired to monitor NIV
data (22,25) and check procedures and mistakes
(22). Two studies reported that the number of
NIV setting changes was 50% lower over the entire
period of NIV use, compared to usual care, hence
saving time (22,25).

Finance and legislation. One study reported that
a large initial investment is required to set up tele-
health and that remote NIV monitoring in ALS
care is cost-effective (23). Another study reported
that the number of hospital admissions was
reduced, which resulted in lower hospitalization
costs (25). Reported barriers to telehealth imple-
mentation were a lack of robust cost-effectiveness-
analysis (22,24) and issues with reimburse-
ment (22).

Discussion

This review identified three different types of tele-
health used in ALS care and showed that tele-
health was mainly targeted at patients with
respiratory impairment. Furthermore, we found
that the barriers and facilitators of telehealth
implementation in ALS care were consistent with
the determinants identified in other healthcare set-
tings. The main barriers hindering implementation
of telehealth in ALS care were related to issues
with finance and legislation, and lack of personal
contact perceived by healthcare professionals.

It was noticeable in this review that the propor-
tion of patients who were ventilated through NIV
or TIV (68%) was much higher compared to the
general ALS population (18–36%) (26,27). In
addition, 10 of 11 remote monitoring studies
focused primarily on respiratory function, such as
oximetry, (assisted) coughing, respiratory symp-
toms, and NIV. These findings demonstrate that
patients in the included studies are not representa-
tive of a general ALS population and that tele-
health is focused on respiratory function up
until now.

Determinants of implementation

Our results indicate that patients with ALS (and
their caregivers) have a positive attitude toward the
use of telehealth. This may be attributed to
patients’ perceived benefits of telehealth (e.g. an
increased feeling of enablement, reduced travel
and clinical burden) and good compliance to tele-
health use (i.e. easy to use devices, comfort with
using technology and caregiver assistance). A posi-
tive attitude of patients/caregivers is a facilitator for
implementation as it increases acceptance of tele-
health and positively influences the attitude of
healthcare professionals (28,29). It should be
noted that several studies recruited a convenience
sample of patients, who were likely to benefit from
telehealth, or liked working with technology. This
may have affected patients’ experiences. Results
suggest that healthcare professionals in ALS care
have a more negative attitude toward telehealth.
Despite being positive about communication
through telehealth, healthcare professionals mostly
reported barriers, such as technical issues, a lack of
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physical evaluation/contact and issues with a com-
prehensive medical assessment. A negative attitude
among healthcare professionals creates resistance
to telehealth and is a known barrier to implemen-
tation (28,29). Regrettably, more than half of the
studies did not evaluate user-experiences of health-
care professionals and therefore lack this informa-
tion. Two important facilitators in this review that
positively influenced the attitude of end-users were
the provision of training and ongoing support.
Despite requiring more staff time, the provision of
training and ongoing support ensures that end-
users are able to apply technology properly, which
is essential for a successful implementation
(28,29). One of the main barriers to implementa-
tion of telehealth in ALS care was issues related to
finance and legislation. Studies mostly reported a
lack of robust cost-effectiveness analyses and a
lack of reimbursement for telehealth. These are
important issues that are also known in other
healthcare settings, and hinder the implementation
and integration of telehealth in ALS care. There
was, however, evidence to support that on-demand
MI-E rental and remote NIV monitoring were
cost-effective, primarily due to a lower number of
emergency room visits and hospital admissions.
This financial benefit of telehealth is a facilitator
for implementation and should be investigated in
future research.

Clinical implications

Current telehealth innovations are mainly targeted
at a subgroup of patients with ALS, which means
that a substantial portion of the ALS population
does not benefit from them. Ideally, all patients
with ALS should be able to benefit from the use of
telehealth, irrespective of the disease stage or type
of impairments. Recent evidence has shown that
this is feasible and of benefit for patients with
motor neuron disease (21). For this reason, future
innovations should remotely monitor all relevant
domains of functioning from early on in the dis-
ease. This will help healthcare professionals with
(a) detecting early signs and symptoms, (b)
informing patients about changes in all aspects of
the disease and (c) providing timely care and infor-
mation. Additionally, if started in an early disease
stage, patients will be able to receive training and
become familiar with technology and remote moni-
toring before becoming severely impaired.

To make sure a telehealth innovation truly
meets the needs of end-users, both patients and
healthcare professionals should be involved
throughout the development process (21,30). The
involvement of end-users will promote a positive
attitude toward telehealth and increase acceptance,
thus facilitating implementation (28,29).
Furthermore, telehealth innovations should be per-
sonalized, as the rate of disease progression is

highly variable and the care needs of patients with
ALS are ever-changing. The personalization of tel-
ehealth promotes patient engagement (31) and
involves the tailoring of monitoring frequency,
clinic visit scheduling and the provision of care
and information. To further increase patient
engagement with remote monitoring, notifications
and personal feedback could be provided (31).

To improve remote monitoring and the usabil-
ity of monitoring-data for research purposes,
standardized outcome measures should be estab-
lished and patients should be involved in determin-
ing which measures are relevant. Ideally, outcome
measures should be associated with disease pro-
gression and survival, as this will help with the
timely provision of interventions, assistive devices,
and information. Examples of such outcome meas-
ures are the ALSFRS-R, weight loss and vital cap-
acity (32–34). Also, assessments on cognition,
quality of life and caregiver burden could be
included to facilitate psychological support.

Future research

In order to improve the implementation of telehealth
in ALS care, future studies should be aimed at iden-
tifying the determinants of implementation and
investigating how they affect the success of tele-
health. Improved reporting (on determinants) will
help to create a more detailed overview of relevant
determinants, which is essential to guide healthcare
professionals in the implementation of future tele-
health innovations in ALS care. Furthermore, future
research should focus on investigating the cost-effect-
iveness. Robust analyses will specifically facilitate the
use of telehealth beyond the initial pilot phase.

Limitations

The main limitation of this review is that there were
no studies primarily aimed at identifying the determi-
nants of implementation. As a result, positive and
negative aspects of telehealth might not have been
reported or were not specifically reported as barriers
or facilitators of telehealth implementation. For this
reason, we may have missed a number of potential
barriers, such as issues with (national) policy and
incompatibility with the current infrastructure.
Another limitation is that a number of studies
included a convenience sample, which may have
resulted in biased patients’ experiences.

Conclusion

Our findings show that telehealth in ALS care is
well-received by patients and their caregivers, as a
result of user-friendly technology and experienced
benefits. The provision of training and ongoing
support to end-users has shown to be key for a
successful telehealth implementation. Issues with
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reimbursement of telehealth and lacking informa-
tion on cost-effectiveness were the main chal-
lenges. Future research should specifically focus on
reporting barriers and facilitators to guide future
telehealth implementation and help design new
implementation strategies.
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