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Abstract

Objective: Remote self-assessment of the revised amyotrophic lateral sclerosis functional rating scale (ALSFRS-R) using
digital data capture was investigated for its feasibility as an add-on to ALSFRS-R assessments during multidisciplinary
clinic visits. Methods: From August 2017 to December 2021, at 12 ALS centers in Germany, an observational study on
remote assessment of the ALSFRS-R was performed. In addition to the assessment of ALSFRS-R during clinic visits,
patients were offered a digital self-assessment of the ALSFRS-R — either on a computer or on a mobile application
(“ALS-App”). Results: An estimated multicenter cohort of 4,670 ALS patients received care at participating ALS centers.
Of these patients, 971 remotely submitted the ALSFRS-R, representing 21% of the multicenter cohort. Of those who
opted for remote assessment, 53.7% (n=521) completed a minimum of 4 ALSFRS-R per year with a mean number of
10.9 assessments per year. Different assessment frequencies were found for patients using a computer (7.9 per year,
n=2857) and mobile app (14.6 per year, n=234). Patients doing remote assessments were more likely to be male and
less functionally impaired but many patients with severe disability managed to complete it themselves or with a caregiver
(35% of remote ALSFRS-R cohort in King’s Stage 4). Conclusions: In a dedicated ALS center setting remote digital self-
assessment of ALSFRS-R can provide substantial data which is complementary and potentially an alternative to clinic
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assessments and could be used for research purposes and person-level patient management. Addressing barriers relating

to patient uptake and adherence are key to its success.

Keywords: Amyotrophic lateral sclerosis, amyotrophic lateral sclerosis functional rating scale-revised, self-assessment, ALS-App,
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Introduction

The ALS Functional Rating Scale (ALSFRS) in its
revised version (ALSFRS-R) is a disease-specific
severity score reflecting the course of ALS (1,2).
The scale encompasses a 12-item disease-specific
instrument for the assessment of bulbar symptoms,
limb and trunk functions, respiratory symptoms
and the need of ALS-related interventions such as
percutaneous endoscopic gastrostomy, noninvasive
ventilation or tracheostomy with invasive ventila-
tion (3). The scale was primarily developed as an
outcome parameter in clinical trials but evolved to
the most widely applied rating scale in both clin-
ical practice and ALS research (4,5).

As the assessment of the ALSFRS-R does not
rely upon physical examinations, the scale can be
reliably administered over the telephone (6) or online
(7-10). Although the ALSFRS-R was originally
designed for assessment by healthcare professionals,
the scale has been applied to administration by
patients and caregivers (11). Previously, a remarkable
inter-rater and intra-rater reproducibility of remote
self-assessment of the ALSFRS-R has been shown
and paved the way for its use in apps and online
platforms (4,7,12-15). Capturing the ALSFRS-R
using computer or mobile internet applications has
the potential for assessing disease progression that is
complementary to on-site consultations, allowing a
digitally enhanced patient management (8-10).
Furthermore, remote self-assessment may increase
the efficiency of clinical studies if the rating of
ALSFRS-R is moved from telephone to digital cap-
ture (16,17).

Although the reliability of online assessment has
been demonstrated, few “real-world” experiences of
digital applications — being integrated in the multidis-
ciplinary care — have been investigated so far. Here,
we report the observation of remote self-assessment
of ALSFRS-R by using a computer (Co-ALSFRS-R)
or a mobile application (App-ALSFRS-R). The
offering of remote self-assessment in parallel, and in
addition to, assessment of ALSFRS-R, which is
obtained during clinic visits (CliniccALSFRS-R),
may be conceived as an additional burden from a
patient’s and relative’s perspective. Furthermore, the
use of digital applications might pose a physical bar-
rier for self-rating in contrast to a traditional face-to-
face interview situation. Therefore, we systematically
investigated the metrics of remote digital assessment
of ALSFRS-R alongside with multidisciplinary care.
The aims of the present study were to (i) identify the
readiness of patients to remotely perform ALSFRS-R

assessments using digital data capture; (ii) rank the
frequency of use of a computer and mobile applica-
tions; (iii) assign demographic and clinical profiles to
the cohorts of digital data capture, and (iv) deter-
mine the level of disease severity to which remote
self-assessment may be expected.

Methods
Study design

The observational study was conducted as a pro-
spective, multicenter, cross-sectional cohort study.
The cohorts were defined in Figure 1. The investi-
gation was reported according to the STROBE cri-
teria (18,19). The study was conducted from
August 2017 to December 2021.

Participants

The participants met the following inclusion crite-
ria: 1) diagnosis ALS according to the revised El
Escorial criteria (20); 2) consent to electronic data
capture using the research platform “APST”; and
3) optional offering of remote digital assessments
using a computer or a mobile application in terms
of the “ALS-App”.

Setting

Participating study centers. The multicenter
cohort encompassed patients at 12 multidisciplin-
ary ALS centers in Germany (Supplement 1). The
initiation of study centers was evolving from a
smaller number of participating centers to the
complete set of contributing study sites.

Analysis of existing data for clinical
assessment of ALSFRS-R. In ALS patients at
multidisciplinary ALS centers, the assessment of
ALSFRS-R was part of the multidisciplinary care.
ALSFRS-R data (and clinical data) as obtained
during the regular visits served as source data for
this study (secondary use of existing data for
research purposes). As these data were assessed
during clinic visits, these ratings were classified
Clinic-ALSFRS-R data.

Recruitment for remote digital assessment of
ALSFRS-R. In addition to the secondary use of
existing Clinic-ALSFRS-R data, patients were
approached by a trained neurologist and offered a
remote digital assessment of the ALSFRS-R
(Remote-ALSFRS-R) either on a desktop or lap-
top computer (Co-ALSFRS-R) or on a mobile
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Figure 1. Sample characteristics. To evaluate the feasibility of remote digital assessment the ALSFRS-R, the total number of patients
receiving treatment at the participating ALS centers was of interest. Therefore, an estimate of these patients was made — at the
beginning of the observation, added by the patients who annually entered treatment at these centers (estimated multicenter cohort).
Only a subpopulation of the multicenter cohort fulfilled the inclusion criteria (below) and contributed to this observational study (total
study cohort). Among the total study cohort, two main sub-cohorts emerged: The first cohort included patients who allowed the
secondary use of the existing data of clinical assessment of the ALSFRS-R (Clinic-ALSFRS-R cohort) but did not complete a rating via
a computer or the mobile app. For this cohort, demographic and clinical data were collected and the Clinic-ALSFRS-R data were
analyzed. The second main sub-cohort included patients who performed a remote digital assessment (Remote-ALSFRS-R cohort),
either on a computer (Co-ALSFRS-R cohort) or on a mobile application (App-ALSFRS-R cohort), or on both. In a distinct cohort,
other persons acted as patients’ deputy and realized the rating (PD-ALSFRS-R). Within the PD-ALSFRS-R cohort, no distinction was
made between computer or mobile app use. Therefore, preferences of relatives regarding computer or app use were not analyzed. n:
number of patients.

were all trained in ALSFRS-R assessment.
Demographic and clinical data as well as Clinic-
ALSFRS-R data were captured in the electronic
medical records of the respective participating
multidisciplinary center.

application, which may be used on smartphones or
tablet devices (App-ALSFRS-R).

Data collection

Collection during clinic visit. Clinic-ALSFRS-R

data were obtained during each regular clinic visit
by a certified evaluator. The evaluators consisted
of neurologists, study nurses and coordinators who

Remote collection. Remote-ALSFRS-R data were
collected on a web-based APST platform. The
APST portal encompassed an electronic health
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record and a digital management platform which
has been described elsewhere (21-23). The plat-
form provided the multi-step workflow for the self-
assessment procedure of ALSFRS-R, optimized for
the patient’s account on a laptop or desktop com-
puter (Co-ALSFRS-R). Alternatively, the ALS-App
featured a dropdown questionnaire of ALSFRS-R,
optimized for smartphones and tablet devices (App-
ALSFRS-R, Supplement 2).

Instructions for remote self-assessment. After
obtaining informed consent, patients received an
activation link being valid for the digital data cap-
ture. A printed manual with instructions on how to
perform the self-assessment on the computer (Co-
ALSFRS-R) or a mobile application (App-
ALSFRS-R) was handed out. Patients were invited
to download the “ALS-App” being available at the
App Store (for i0OS) or Google Play (for Android,
Supplement 3). Furthermore, patients were referred
to an explanatory video for each of the two modes
of remote digital self-rating. For technical questions,
a telephone helpline and email contact were pro-
vided. All patients assigned for the self-rating pro-
gram were requested to digitally complete the

Table 1. Demographic and clinical characteristics of participants.

ALSFRS-R at least every three months. An email
reminder was sent accordingly. Participants not
physically able to perform the self-rating, were
authorized to nominate a patient's deputy (PD) for
the assessment of ALSFRS-R (PD-ALSFRS-R).
The nominated deputy was provided with contact
information (telephone helpline and email support),
individual login data and, by that means, with a
personalized access to the patient’s account of both,
the computer or mobile application.

Protocol approvals and registrations

The study protocol was approved by the Medical
Ethics Committee of Charité — Universitatsmedizin
Berlin, Germany under number EA1/219/15. A
signed patient information and informed consent
form was obtained from all the participating patients.

Variables

Demographic and clinical characteristics. The
following demographic and clinical characteristics
were collected: age, sex, time since onset of symp-
toms, King's stage of ALS (24) and disease pro-
gression (Table 1).

Total Clinic-ALSFRS-R Remote-ALSFRS-R
Characteristics Classification cohort, n=1,893 cohort®, n =922 cohort®, n=971 p-value®
Sex female, % (n) 39.2 (743) 42.6 (393) 36.0 (350) 0.004
male, % (n) 60.8 (1,150) 57.4 (529) 64.0 (621)
Age at onset, years, 60.1 (12.1, 18.2-88.1) 61.2 (12.6, 18.2-88.1) 58.6 (11.1, 25.4-87.3) <0.001
mean (SD, R)
at time of first 62.8 (11.5, 19.7-90.2) 64.0 (12.4, 19.7-90.2) 61.7 (10.5, 26.7-88.2) <0.001
assessment,
years, mean
(SD, R)
at time of last 64.5 (11.4, 20.2-95.8) 66.6 (12.0, 20.2-95.8) 62.5 (10.5, 27.0-88.2) <0.001
assessment,
years, mean
(SD, R)
Disease duration at time of last 53.5 (52.3, 2-472) 61.9 (58.5, 2-472) 41.9 (39.5, 2-240) <0.001
assessment,
months, mean
(SD, R)
Disease progression mean (SD, R) 0.69 (0.64, 0.01-6.00) 0.64 (0.62, 0.01-6.00) 0.74 (0.66, 0.01-4.75)  0.007
King's clinical staged Stage 1, % (n) 12.1 (229) 10.7 (99) 13.4 (130) 0.234
Stage 2, % (n) 20.6 (390) 20.6 (190) 20.6 (200)
Stage 3, % (n) 35.1 (665) 36.0 (332) 34.3 (333)
Stage 4, % (n) 32.3 (609) 32.6 (301) 31.7 (308)

Encompasses patients with assessment of the ALSFRS-R during clinic visits (Clinic-ALSFRS-R).

®Encompasses patients with remote digital assessment of the ALSFRS-R (Remote-ALSFRS-R cohort). Remote assessment of the
ALSFRS-R was performed using a computer (Co-ALSFRS-R) or the mobile “ALS-App” (App-ALSFRS-R).

“Difference in frequencies between different groups were assessed by Chi-squared test or Mann-Whitney U test and between-metric
data by t-test, a p value <0.05 was considered significant. Significant differences were compared between the Clinic-ALSFRS-R

cohort and Remote-ALSFRS-R cohort.

dFour cohorts were differentiated according to King's clinical stage that was reached by any given patient. King's clinical stage 1
translated to the involvement of one clinical region. Stage 2 and 3 was reached with the involvement of a second and third clinical
region, respectively. Stage 4 referred to nutritional or respiratory failure, as defined by the use of percutaneous endoscopic
gastrostomy (PEG) or ventilation therapy (noninvasive or invasive), respectively.(24).

Abbreviations: n: number of participants; SD: standard deviation; R: range; ALSFRS-R: Amyotrophic Lateral Sclerosis Functional

Rating Scale Revised.
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Table 3. Results of ALSFRS-R ratings in relation to type of assessment.

Number of patients with

ALSFRS-R score of first

ALSFRS-R score of last

ALSFRS-R assessments®, assessment?, assessment®,
n (%) mean (SD, R) mean (SD, R)
Clinic-ALSFRS-R 648 (51.1) 31.7 (12.0, 0-48) 25.2 (11.9, 0-48)
Remote-ALSFRS-R 620 (48.9) 36.2 (8.6, 1-48) 27.7 (10.5, 0-47)
Co-ALSFRS-R 502 (39.6) 36.2 (8.5, 1-48) 27.8 (10.5, 0-48)
App-ALSFRS-R 147 (11.6) 35.9 (8.2, 3-48) 30.5 (9.8, 4-47)
PD-ALSFRS-R 17 (1.9) 30.8 (10.2, 14-45) 20.4 (8.3, 6-38)

The assessment periods differed between studied cohorts: Clinic-ALSFRS-R from August 2017 to December 2020; Remote-
ALSFRS-R: August 2017 to December 2021, Co-ALSFRS-R: August 2017 to December 2021; App-ALSFRS-R: May 2020 to

December 2021, PD-ALSFRS-R: August 2017 to November 2021.

Abbreviations: n: number of patients; ALSFRS-R: ALS Functional Ratings Scale Revised; Clinic-ALSFRS-R: assessment of ALSFRS-
R during clinic visits; Remote-ALSFRS-R: remote digital assessment of the ALSFRS-R; Co-ALSFRS-R: computer ALSFRS-R; PD-
ALSFRS-R: Patients’ deputy ALSFRS-R; SD: standard deviation; R: range.

#Patients with at least two assessments were included.

Demographic and clinical characteristics

An overview of the demographic and clinical char-
acteristics is provided in Table 1.

Number of assessments of ALSFRS-R

During the observation period of 53 months,
9,132 ALSFRS-R assessments were registered. In
addition to secondary use of existing Clinic-
ALSFRS-R data, 4,506 remote assessments were
obtained (Table 2). The number of patients with
any number of assessments and with at least 2 or
4 assessments is presented in Table 2.

Frequency of ALSFRS-R assessments per patient

The frequency of Remote-ALSFRS-R assessments
(9.6 per year) outperformed Clinic-ALSFRS-R
assessments (4.1 per year). The increased fre-
quency of remote ratings was driven by the mobile
app (14.6 per year) whereas the data capture using
a computer was less frequent (7.9 per year; Table
2, Figure 2).

Functional impairment as measured by the total score
of ALSFRS-R

Patients of the Remote-ALSFRS-R cohort were
comparably less functionally impaired (Table 3).
A difference of more than 5 score points was
identified for mobile app users as compared to
the Clinic-ALSFRS-R cohort (Table 3). In con-
trast, remote ratings being performed by patients’
deputies showed a substantially lower functional
score (20.4 mean PD-ALSFRS-R) indicating an
improved access to patients in more advanced dis-
ease stages (Table 3).

Discussion

The technological and methodological basis for
remote digital assessment of ALSFRS-R has been
founded for some years. Several controlled studies
have demonstrated that on-site and online

assessment are identical or at least strongly corre-
lated (7,15,16). In this study, a further step was
made when applying remote digital assessment of
ALSFRS-R parallel and in addition to multidisciplin-
ary care in dedicated ALS centers in Germany. 21%
of patients at the participating ALS centers per-
formed digital assessments and provided by that
means an encouraging experience of remote
ALSFRS-R rating.

However, the findings of this study must be
considered in the context of their limitations.
These limitations rooted at various levels of a
multi-step recruitment process. The first step was
the treatment of all participating patients in a spe-
cialized ALS center (multicenter cohort). The
second step was the fulfillment of inclusion criteria
and recruitment in this observational study of
ALSFRS-R assessment — independent of the mode
of assessment (total study cohort). The third ram-
ification referred to the actual proposition of per-
forming remote digital assessment. The fourth step
encompassed to overcoming barriers of account
activation and the concrete self-assessments by the
patient (Remote-ALSFRS-R cohort). At each of
the levels, an observation bias and limitations to
the generalizability may have occurred. In the con-
text of the first recruitment step, we cannot
exclude the possibility of key demographic charac-
teristics and results from ALSFRS-R rating deviat-
ing outside dedicated ALS centers. In terms of
step two and three, several reasons for not recruit-
ing must be differentiated: either this option was
rejected (by patients) or not offered (by centers).
In fact, some ALS centers offered digital remote
ALSFRS-R assessment for most of their eligible
patients while other study sites utilized this option
for a small number of patients only (Figure 2).
The generalizability of our results was furthermore
limited by the diverging extent to which remote
digital assessment was accessible from a patient's
perspective. This primarily concerns the steps three
and four of the recruitment ramifications. It can be
assumed that people with less internet user
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Figure 2. Frequency of ALSFRS-R ratings per year. Frequency of ALSFRS-R were obtained in the cohorts of clinical assessment of
the ALSFRS-R (Clinic-ALSFRS-R) as compared to remote self-assessment using a computer (Co-ALSFRS-R) or mobile application
(App-ALSFRS-R), or both. Significant differences were assessed by t-test. A p-value <0.05 was considered significant.

Abbreviations: n: number of patients; ALSFRS-R: ALS Functional Ratings Scale Revised.

experience or higher physical barriers to digital
applications are underrepresented. In this context it
is worth mentioning that the Remote-ALSFRS-R
cohort was significantly younger and represented
more male patients. In previous reports on the per-
ception of technology among ALS patients, a sig-
nificantly higher general acceptance of technology
and self-confidence on technological competence
was found among male ALS patients. However,
this gender difference vanished when patients were
offered specific use cases of assistive technology
that were perceived to be meaningful (26).
Although our study did not provide data on the
acceptance of digital assessments in relation to age
or gender, it is however well conceivable that dif-
ferent efforts in terms of proposition, convincing
and training will be required for the recruitment of
various patient groups — including gender-sensitive
elements of remote digital assessment. To address
the issue of physical barriers and to improve access
to remote rating, patients were offered to nominate
deputies performing the ALSFRS-R assessment on
their behalf. Interestingly, a smaller but quite rele-
vant group of patients took up this option (36
patients). Fundamentally, these data underlined
the readiness of patients to overcome physical bar-
riers by delegation, if necessary.

During the observation period, 971 patients
performed remote ALSFRS-R self-assessment.
Given the multiple ramifications and limitations in
the recruitment process (Figure 1), a realistic con-
clusion on the acceptance of remote digital assess-
ment was not yet warranted. However, to our
knowledge this is the largest remotely collected
dataset in ALS patients demonstrating that a sub-
stantial group of patients was ready and capable
for remote digital assessment on a significant scale.
Thus, the remote rating is a valuable addition to
clinic assessment, which is limited by the number
of clinical visits. In terms of the absolute number

of remote assessments, data capture via a com-
puter had the greatest relevance. The patient
group with use of the mobile app was rather small
(n=234). This still limited number could be
explained by the relatively recent introduction of
the “ALS-App” in the middle of the observa-
tion period.

This study fell into the period of the beginning
of the COVID-19 pandemic. Given the arrange-
ments of reduced clinic visits and substitute tele-
medicine visits, it is conceivable that the pandemic
accelerated remote digital assessment. However,
any conclusions are premature as the impact of the
pandemic situation was not covered in this study
and will be subject of further investigation.

The main objective of the study was to explore
the feasibility of remote assessment of ALSFRS-R
in terms of readiness and capability of patients to
use computers or mobile devices for data capture
of this score. Beyond the number of patients opt-
ing for digital assessment, the frequency of remote
rating was impressive. The frequency of Remote-
ALSFRS-R assessments (9.6 per year) outper-
formed Clinic-ALSFRS-R assessments (4.1 per
year). Moreover, the results met the expectations
that mobile devices might lower the bars for
remote assessments. In fact, the frequency of
ALSFRS-R assessment using the mobile app was
significantly higher as compared to ratings on
a computer.

Given a mean loss of 0.8 ALSFRS-R points
per month in the general ALS population, one
remote assessment per month could be optimal for
timely detection of disease progression (27). The
results of this study demonstrated that remote
assessment using a computer was close to reaching
this aim (7.0 assessments per year). Remarkably,
patients using the ALS-App had already reached
this expectation (14.6 per year). In setting a target
for remote ALSFRS-R assessment some caution is
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warranted as there is an ongoing discussion on the
balance between the advantages of frequent data
assessment and its potential burden to patients
(28,29). Notwithstanding this open issue, the
higher frequency of ratings via the ALS-App con-
tributes to the notion that mobile apps may lower
the threshold for frequent self-rating and should be
studied more intensively.

The results of this observational study sup-
ported the concept that digital tools are suitable to
increase the data density on ALSFRS-R during the
patient's course of disease. Assuming an even dis-
tribution of the four measurements per year, one
additional ALSFRS-R assessment per quarter
could bridge the rather large gaps between clinic
visits (commonly scheduled once a quarter).
Although in this study no specific target number of
assessments was given, 50% (r=951) of patients
achieved a mean number of four assessments per
year (Table 2). In future studies, the prospective
evaluation of different assessment regimes (of min-
imum and optimum numbers of assessments per
years) is of interest.

The remote assessment of the ALSFRS-R
might be of interest for future remote monitoring
of patients. In fact, several items of the ALSFRS-
R (such as speech, swallowing or mobility-related
items) may be suitable — in its distinctness and
clinical relevance — to function as trigger points for
algorithms of clinical decision support systems
(30). Thus, in a longer-term scenario, remote
digital assessment of the ALSFRS-R has the
potential to be integrated in algorithms for deci-
sion-making  processes in  multidisciplinary
ALS care.

ALS patients performing remote assessments
showed a higher total score of ALSFRS-R com-
pared to the clinic cohort (Table 3). This differ-
ence may be explained by a selection bias related
to technical barriers as well as time efforts of using
of digital and telemedicine devices (31-34).
Furthermore, it is conceivable that patients in the
earlier course of ALS were overrepresented as
remote assessment may have received more atten-
tion in patients with newly diagnosed ALS.
Furthermore, it cannot completely excluded that
remote assessment may result in a different scoring
compared to the clinical rating. However, based
on previous reports methodological reasons are
less likely and were not reexamined in this obser-
vational study. In contrast, patients who engaged
deputies for remote assessment were in more pro-
gressed disease stages (mean ALSFRS-R=120.4).
These data suggest that delegation of ALSFRS-R
rating may, in principle, result in an expansion of
self-assessment to advanced stages of ALS.
Conversely, the findings pointed to barriers for
patients with lower motor functional capacities and
underlined the need to reduce those hurdles in the

future. Future research must aim to apply patient-
centred concepts of user experience design, as well
as service engineering methods, to improve
patient's access to digital assessment in all phases
on the disease.

In summary, this observational study provided
a proof of concept that remote digital assessment
of ALSFRS-R is feasible — being applied as an
“add on” to the clinical assessment of the
ALSFRS-R that is broadly applied as part of the
multidisciplinary care at dedicated ALS centers.
This finding is relevant, as the systematic assess-
ment of ALSFRS-R may fill the gap between clinic
visits and will enhance the database on ALSFRS-R
in a real-world setting of both, clinical research,
and specialized care. The shown frequent use of
remote digital assessments of ALSFRS-R repre-
sented an important step toward a digitally sup-
ported comprehensive care management that is
based on precise and timely information on the
patients' needs.
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