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Background: Telemedicine (TM) contributes to bridge the gap between healthcare facilities and patients’ homes with
neuromuscular disease (NMD) because of mobility issues. However, its deployment is limited due to difficulties evaluating
subtle neurological signs such as mild weakness or sensory deficits. The COVID-19 pandemic has disrupted healthcare
delivery worldwide, necessitating rapid measures implementation by health care providers (HCPs) to protect patients from
acquiring SARS-CoV-2 while maintaining the best care and treatment.
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Objectives: Given the challenges faced by remote healthcare assistance of NMD patients, we aim to evaluate the use of TM
in NMD during the COVID-19 pandemic.

Methods: Based on the Model for Assessment-of-Telemedicine-Applications (MAST), we conducted a survey amongst
clinicians of the ERN EURO NMD (European-Reference-Network-for-Rare-Neuromuscular-Diseases).

Results: Based on 42 responses over 76 expected ones, our results show that the COVID-19 pandemic significantly increased
the number of HCPs using TM (from 60% to 100%). The TM types most used during the COVID-19 period are teleconsultation
and consultation by phone, particularly in the context of symptoms worsening in NMD patients with COVID-19 infection.
Most European HCPs were satisfied when using TM but as a complementary option to physical consultations. Many responses
addressed the issue of technical aspects needing improvement, particularly for elderly patients who need caregivers’ assistance
for accessing the TM platform.

Conclusions: TM has been essential during COVID-19, but its use still presents some limitations for NMD patients with
cognitive deficits or for first-time diagnosis. Thus, TM should be used as complement to, rather than substitute, for face-to-face

consultations.

Keywords: Telemedicine, neuromuscular diseases, Covid-19, Europe

INTRODUCTION

Neuromuscular diseases (NMD) are mostly
chronic by nature, which requires a regular follow-
up by neurologists because of the progressive loss
of muscle strength, their association with complica-
tions pertaining to the disease itself or by relating
to disease-specific medication. This follow-up may
include aregular check of the body weight with a con-
stant adjustment of the diet by nutritionists in patients
with swallowing difficulty, as well as a regular control
of muscular performance by physiotherapists. Clin-
ical and physical aspects of this follow-up is often
combined with a regular check of the mental-health
state of patients, as many research studies show a
significant impact of NMD, such as Myotonic Dys-
trophy type 1, on the psychological state as well as on
the cognitive performances, of NMD patients [1-5].
Furthermore, some NMD patients with Duchenne
Muscular Dystrophy, Spinal Muscular Atrophy or
Facioscapulohumeral muscular dystrophy (FSHD)
may need to be monitored by speech therapists and
occupational therapists. In NMDs patients with mul-
tisystem involvement, cardiac and pulmonary regular
monitoring is also essential since symptoms related
to cardiac or respiratory dysfunctions generally occur
at advanced stages, but may also appear earlier in the
disease evolution [6].

Thus, the health management of NMD patients
needs to be performed at hospitals using a multidisci-
plinary approach that takes into account all the needs
of NMD patients operated by clinicians and by a
paramedical team with an expertise in neuromuscular
disorders.

In March 2020, the World Health Organization
(WHO) declared the coronavirus disease (COVID-

19) outbreak as a pandemic due to an infectious
disease caused by the SARS-CoV-2 virus, [7]
(https://worldometers.info). This pandemic has dis-
rupted every aspect of health care delivery, the global
healthcare system, as well as the economy of many
countries [8—11], which induced multiple periods of
confinements and increased periods of quarantine.
Patients with NMD, are particularly vulnerable to
COVID-19 disease because the COVID-19-induced
cardiomyositis and/or chronic respiratory infections
can be aggravated in patients with NMD, especially
in those who are ventilated, have bulbar dysfunc-
tion and/or are immunocompromised [12—14]. Most
patients felt the urgency to keep away from the SARS-
CoV-2 virus. Therefore, in order to closely monitor
the NDM patients at home during the COVID-19 pan-
demic, many health care services have adopted the
use of telemedicine (TM) [8, 10, 15-17].

TM uses telecommunication technology, which
provides access to healthcare and to specific medi-
cal expertise, thereby minimizing disparities caused
by geographic or physical barriers [18]. This clinical
application has been first setup for patients with dif-
ficulties accessing healthcare facilities with relevant
clinical expertise, or facing a lack of means of trans-
portation especially in rural areas [19]. Compared to
conventional methods of care, TM has been proven to
be very useful and effective and therefore appreciated
by both clinicians and patients [20, 21] especially in
the context of diagnosis, treatment and follow-up of
patients with chronic diseases. For example, the use
of TM was efficient for the follow-up and treatment
of facioscapulohumeral dystrophy (FSHD) patients,
by reducing the number of their hospital admissions
and improving their quality of life [19]. Following
the quick spread of the SARS-CoV-2 virus, TM has
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been quickly adopted by a large number of health-
care services [8, 10, 16] especially for NMD patients
with myasthenia gravis (MG) or with myositis, for
whom monitoring is essential because of the risk of
imminent respiratory failure related to respiratory and
bulbar muscle weakness, and the use of immunosup-
pressive medication [22-25].

Despite the benefits of TM for the remote treat-
ment and follow-up of NMD patients, some clinicians
have been reluctant to set up TM platforms because
of the perceived limitations linked to remote clini-
cal evaluations, such as physical examination with an
accurate evaluation of muscle strength. Thus, accord-
ing to some HCPs, TM appears beneficial only for a
certain type of NMD patients who are clinically sta-
ble and with a well-known diagnosis, especially when
it comes to remote assessment of subtle neurological
signs such as mild weakness or sensory deficit [16].
Despite these significant limitations in the use of TM
in the field of NMD, a recent publication suggests
that functional evaluation of neuromuscular patients
by telemedicine is possible, especially if the alterna-
tive is not to see NMD patients at all [8]. For example,
clinicians assessed the ability of patients to stand still
without assistance in order to evaluate “stance and
balance”.

Given the heterogeneous nature of opinions regard-
ing the use of TM in the field of NMD, we designed
a survey with the help of the European Reference
Network (ERN) network of Neuromuscular Disease
(ERN-EURO-NMD) to evaluate the efficiency and
the global satisfaction level of European HCPs on
the use of TM during the COVID-19 pandemic.

MATERIAL AND METHODS

We conducted a survey amongst HCPs represen-
tatives of the ERN-EURO-NMD. The survey was a
retrospective study on the use of TM in NMD patients.
Surveys were sent as a word document via email to
all participants in August 2021 and responses were
collected and analyzed during the months of Septem-
ber through December 2021. Surveys included basic
information such as: the European country of the
HCP, name of hospital/clinic and years of experience
of HCPs as well as the field of NMD (Muscle, nerve,
motor neuron, neuromuscular junction or mitochon-
drial) and the specific number of NMD patients
seen annually in each HCP’s center. In another sec-
tion, of the survey posed specific questions on the
type and context of TM used before and during

the COVID-19 pandemic. In addition, some general
questions such as the age of the patient, and their level
of education were raised. TM can be distinguished
into five modes: teleconsultations (which allows a
medical professional to advice a patient remotely
via communication technologies for the purpose of
providing diagnostic or therapeutic advice); tele-
expertise (practice in which a physician benefits from
professional advices provided by other physicians
via Information and Communication Technologies
(ICT) to improve a patient’s clinical health status,
which can be achieved outside the presence of the
patient); tele-monitoring (allows a medical profes-
sional to monitor and supervise a patient remotely
via ICTs); tele-assistance (allowing a medical profes-
sional to assist remotely another medical professional
during an intervention via ICTs); medical responses
(used to provide quick and efficient emergency ser-
vices; the paramedics support the medical response
of both air and ground ambulances). The final section
of the survey addressed the evaluation of TM through
different criteria of the Model for Assessment of
Telemedicine Applications (MAST) [26], such as the
technical feasibility, the accessibility of TM and the
quality of care. Some questions of the survey required
a response on a Likert scale from 1 (“ I completely
disagree with the statement”) to 10 (“I completely
agree”). A version of this survey is illustrated in Sup-
plementary Figure 1. We also asked HCPs to indicate
the age category of NMD patients seen via different
types of TM (tele-monitoring, teleconsultation, or by
phone).

Before statistical analysis, data were extracted and
classified in an Excel sheet as qualitative or quanti-
tative variables. Pie charts and histograms represent
the analysis of descriptive data. Quantitative data
are presented in histograms with additional standard
error of mean (SEM). Comparative data analysis was
done on qualitative variables using the Chi-square
test and quantitative variables using non-parametric
tests (Mann Whitney). These comparative analyses of
the data were performed using the Prism-GraphPad
software. For the analysis of this exploratory survey,
the statistical significance of P-values is described as
follows: *p <0.05; **p<0.01 and ***p <0.001.

RESULTS

Forty-two over seventy-six HCPs of the ERN-
EURO-NMD residing in European countries
responded to the survey that is attached to the
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European Number of
countries Responses
The Netherlands 4
Germany
Belgium 3
Czech Republic 2
France 5
Hungary 2
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Fig. 1. European Health Care Providers (HCPs) respondents. A. Name of European country and number of HCPs participants to the survey
per country. B. Percentage of HCPs using Telemedicine (TM) before and during COVID-19. Note that 100% of HCPs have responded “Yes”
to the use of TM during COVID-19 (p <0.0001; Chi2; test n=42). C. Average number of NMD patients seen via TM during COVID-19

(p<0.001; Mann Whitney test; n=13).

manuscript as Supplemental Figure 1. Respon-
dents were unequally distributed across European
countries (Fig. 1A). The majority of respondents
have either 1 to 5 or 21 to 30 years of professional
experience in NMD (Supplementary Figure 2A).
Supplementary Figure 2B showed that the highest
percentage of HCPs worked in the field of “Muscle”
(31%) followed by ‘Motoneuron’ (21%), 18% and
17% of HCPs, respectively, worked in the field of
Neuromuscular Junction and Nerve, and 13% of
HCPs had an expertise in Mitochondrial myopathies.
It is important to mention that most HCPs had
more than one filed of expertise but this result was

not captured in the pie-chart of Supplementary
Figure 2B. In Supplemental Figure 2C, we show that
52% of HCPs follow more than 800 NMD patients
annually, 24% between 200 and 400 NMD, 14%
between 400 and 800 NMD and 15% either 20 to
200 or more than 2000 of NMD patients).

To assess the use and effectiveness of TM during
the COVID-19 pandemic, we asked all HCPs whether
they had used TM before and during the pandemic of
COVID-19. Before COVID-19,40% of HCPs had not
had experience with TM while 60% of HCPs reported
to have used TM. In contrast, during the COVID-19
pandemic, all respondents (100% of HCPs) of this
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Fig. 2. Different types and contexts of telemedicine used by HCPs before and during COVID-19. A. Histogram showing different types of
telemedicine used by HCPs with NMD patients before and during COVID-19. Note the significant increase in the use of teleconsultation, and
consultation by phone during COVID-19. B. Histograms summarizing all contexts during which teleconsultations, consultations by phone
and tele-monitoring have been used before and during COVID-19. Note the significant increase in the context of therapy, advice for physical
therapy, diagnosis and general follow-up particularly during the acts of teleconsultations. A new context related to the worsening of NMD
during COVID-19 appeared in each type of TM (teleconsultations, consultations by phone and telemonitoring).

survey have used TM. Figure 1B showed a signif-
icant increase in the percentage of HCPs using TM
during the COVID-19 pandemic (p < 0.0005 Chi2 test
n=42). Consistently, the number of NMD patients
seen by HCPs via TM increased from 61 = 40 before

to 297 & 54 during COVID-19, (p <0.0005, Mann
Whitney test, n=13, Fig. 1C)

Teleconsultation and consultations by phone, both
TM types mostly used during the COVID-19 pan-
demic are represented in Fig. 2. There was a
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significant increase in HCPs using teleconsulta-
tions (from 28% before to 78% during COVID-19,
p<0.0005 Chi2 test, n=42, Fig. 2A) as well as
a significant increase in HCPs performing consul-
tations by phone (from 52%, before to 85% of
HCPs responses, during the COVID-19 pandemic,
p<0.005, Chi2 test, n=42, Fig. 2A). Telemonitor-
ing, tele-assistance and tele-expertise were less often
used (Fig. 2A).

Participants also had to specify the context during
which TM practices (teleconsultations, consultations
by phone or tele-monitoring) had been performed
before and during COVID-19. As shown in Fig. 2B,
16% of the HCPs reported that teleconsultations were
used in the context of NMD symptoms worsening
in patients with COVID-19. There was also a sig-
nificant increase in the use of teleconsultation for
therapy (from 12% before to 28% during COVID-
19, p<0.0005, Chi2 test), for advice on physical
therapy (from 3% before to 19% during COVID-19,
p<0.0005, Chi2 test), for diagnosis (from 3% before,
to 21% during COVID-19, p <0.0005, Chi2 test), and
for general follow-up visits (from 14% before, to 32%
during COVID-19, p<0.05, Chi2 test). Regarding
consultations by phone, 6% of HCPs have used it in
the context of diagnosis before COVID-19 and 17%
of HCPs have used it during COVID-19, p<0.05,
Chi2 test). The practice of telemonitoring was used
for different reasons, but no significant difference
was observed between the period before and during
COVID-19. As for other types of TM, we have seen a
new context related to NMD symptoms worsening in
patients with COVID-19 appeared during the period
of COVID-19, Fig. 2B).

As shown in Fig. 3, we found a significant increase
in the use of teleconsultations during the COVID-
19 pandemic for NMD patients with the following
age ranges: 14-18, 18-30 and beyond 60 years old
(For 14-18 years old: an increase of HCPs responses
from 11.6+7.54% to 41.5+5%, p<0.0005; for
18-30 years old: an increase of HCPs responses
from 23 +3.49% to 43.5 £ 6.4%, p <0.005; for >60
years old: an increase of HCPs responses from
20.71 £7.86% to 40 £ 6.04%, p <0.005, Chi2 test).
However, no significant changes were found in the
use of TM for these age ranges for other TM modes
such as tele-monitoring, or phone consultation.

Finally, the last section of the survey included
a questionnaire according to the Model for AS-
sessment of Telemedicine application: MAST [26],
in which participants of the survey had to respond to
different categories of questions including the tech-

nical feasibility, the acceptability, the accessibility of
the TM tool, as well as the quality of care of patients
seen through TM. Participants of the survey also had
to provide their global appreciation of using TM. All
responses of HCPs are shown in the summary graph
of Supplementary Figure 3, in which the apprecia-
tion of HCPs using TM application is expressed in
percentage of satisfaction for all relevant criterion
(technical feasibility, acceptability, quality of care,
etc...) according to the MAST structure used for
the assessment of TM applications [26]. The results
show that the satisfaction level of HCPs for TM
technical feasibility, which included for example the
delay of connection to the platform of telemedicine
or the quality of sound and images as well as the
effectiveness of data transmission, reached 84 + 4%,
suggesting that TM was technically effective in all
European countries included in this survey. The gen-
eral acceptability for using TM reached 59 4= 9% by
all HCPs. The safety of patients while using this
remote type of health management was evaluated by
asking the HCPs whether the use of TM resulted in
immediate risk or harm for NMD patients. 61 +=7%
reported that there was no immediate risk or harm.
The assessment of the satisfaction and accessibil-
ity of TM through an evaluation of scheduling for
teleconsultations led to 65+ 8% of satisfaction for
accessibility to TM, and 66 2% for global appre-
ciation of TM. In Fig. 4 the participants provides
comments on the benefits and challenges of TM.

DISCUSSION

Altogether, data collected from HCPs indicate that
the the majority of NMD patients, despite some
limitations associated with technological barriers
appreciate the value and use for TM.

Consistent with previous studies, the results of
this survey confirm that the COVID-19 pandemic
resulted into an important reorganization of all Euro-
pean healthcare facilities in the field of NMD. The use
of TM by European HCPs and NMD patients has sig-
nificantly increased during the COVID-19 pandemic.
Fourty-two HCPs from ten European countries have
participated in this survey, which represent distinct
areas of NMD including muscle, motoneuron, neu-
romuscular junction, nerve and mitochondria and
they all made use of TM during the COVID-19 pan-
demic. In parallel, the number of NMD patients seen
through TM during the pandemic has also signifi-
cantly increased.



180 L. El-Hassar et al. / Telemedicine in Neuromuscular Diseases During Covid-19 Pandemic

80
TELECONSULTATIONS
70
OBefore COVID-19  @EAfter COVID-19
60
—L p<0.005

5 p<0.0005 — p<0.005
g — I
: 1
£ 40
3
230
z

20

10 ’_L‘

0 1 1 L 1
<14 yrs 14-18 yrs 18-30yrs 30-40 yrs 40-60 yrs >60 yrs
80
CONSULTATIONS BY PHONE
70
l O Before COVID-19 @ After COVID-19

o 60
c
]
<
I
>
a
c
£ 40
3
S
2 30
3
Z 20

10

1%

<14 yrs 14-18 yrs 18-30 yrs 30-40 yrs 40-60 yrs >60 yrs
100 —
TELEMONITORING

N° telemonitoring
D [oe]
o o

IS
S}

) ’J_‘I
0 -

OBefore COVID-19 @ After COVID-19

'%

<14 yrs 14-18 yrs 18-30yrs

30-40 yrs 40-60 yrs >60 yrs
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telemedicine: teleconsultations, phone consultation or tele-monitoring before and during COVID-19. Note the significant increase of NMD
patients at the age of 14—18 years old, of 18-30 years old and of elder age >60 years old using teleconsultations during COVID-19.

Given the heterogeneity in the number of HCPs
per country in Europe, ranging from 1 in Slovenia
and Bulgaria to 21 in Italy, many responses are from
Italy. However, if we look at the percentage of centers
that have answer to the survey (Italy (16/21; 76%),

France (5/10; 50%), Belgium (3/5; 60%), Spain (4/6;
67%), Netherlands (4/6. 67%), Germany (4/10;40%),
Czech (2/2; 100%), Slovenia (1/1; 100%), Hungary
(2/2; 100%), Bulgaria (1/1; 100%)), the response rate
is similar between the different countries. Lastly, Italy
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Opportunities

TM is very useful for monitoring patients
continually during the COVID-19 pandemic.

TM is important for monitoring NMD patients,
particularly regarding issues related to
therapy and with everyday needs.

TM is useful but physical interaction with
clinicians is preferred in the context of
diagnosis announcement.

TM is more suitable for patients with a stable
type of the disease and very useful for
discussing with the patients about their tests
results. (TM is not appropriate for new
patients).

TM allows for a convenient way to discuss
with colleagues on particular NMD cases.

Clinicians have become more flexible with
TM (consultation by phone, video, tele-
expertise, etc ...).

TM allows for an easy way to follow-up NMD
patients.

TM is convenient for patients because they
can be diagnosed from the comfort of their
homes.

Fees for TM are lower than classical visits.

Challenges

Technical issues: elderly patients do not
know how to use TM technology.

Need physical interaction with the patients to
develop empathy, especially in the field of
NMD.

Lack of nonverbal communication.

TM is useful but has important limitations for
clinical evaluation, physical examination
(MMT, test etc...) and neurological
examination (sensation, tone evaluation
etc..).

TM in not appropriate for NMD, we need to
see and examine the patients.

TM platform is painful to use, some MD need
to get trained to use the TM technology.

TM is not appropriate in patients with
cognitive impairments.

TM arises new questions about the decision
makers: who decides to use TM? the
patients or MDs? (This issue is under
governmental discussion in the Netherlands).

Need to improve technical setup of TM.

Fig. 4. HCPs comments regarding the use of telemedicine (TM). General HCPs feedbacks on the PROS and CONS of TM collected in the

survey.

was hit hard by Covid compared to other EU coun-
tries, hence an increased reactivity/response to this
survey.

Our data also show that teleconsultations and
phone consultation are the most frequent types of
telemedicine used during the COVID-19 in differ-
ent contexts such as: worsening of NMD, therapy
or physical therapy advice, diagnosis and general
follow-up. The worsening of NMD symptoms has
been reported in a recent study that described NMD

patients with pre-existing respiratory impairment,
and/or suffering from swallowing difficulty, and/or on
long-term immunosuppressive therapy, are classified
“at high risk” for developing severe forms of COVID-
19 [27]. Patients with motoneuron diseases (including
spinal muscular atrophy), with associated ventilatory
muscle deficit, may be particularly susceptible to the
infection by SARS-CoV-2. In addition, some other
type of NMD patients are also likely to be at increased
risk of developing a severe form of COVID-19; for
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example patients with muscular dystrophies, includ-
ing myotonic dystrophies, or metabolic myopathies
(eg Pompe disease), with ventilatory muscle weak-
ness and /or associated cardiomyopathy. Because of
this increased risk during the COVID-19 pandemic,
HCPs all over the world and in particularly in Europe
have focused on reducing and limiting the exposure
of patients to the coronavirus as much as possible.
Thus virtual consultations which have replaced out-
patient visits are mainly based on a face-to-face video
conference or on interview by telephone. On the other
hand, the presence of these patients on site is some-
times necessary because cardiac and/or respiratory
measurements are mandatory for the follow-up of
their state of health, which adds a limitation to the
use of the TM.

European HCPs who participated to this survey
have used teleconsultations, telemonitoring or con-
sultations by phone with NMD patients at different
ages (from <14 to >60 years old) before and dur-
ing period of COVID-19. But during COVID-19, our
data show an increase of patients using TM who are
14-18, 18-30 and beyond 60 years old, suggesting
that TM technology is not restricted to fragile or
elderly patients but has also been useful for young
NMD patients.

The majority of HCPs who have responded to
this survey recognized the effectiveness of TM
while managing NMD patients during the COVID-
19 pandemic. Based on their extensive professional
experiences (from 5 to 45 years), European HCPs
have used TM in multiple contexts during the
COVID-19 pandemic. The use of TM is not only
restricted to the patients’ follow-up only as suggested
[28] but rather extended to interventions accord-
ing to the need of NMD patients such as regular
advice for physical therapy or diagnosis. It is pos-
sible that the guidelines for the care of NMD patients
that have been published during the COVID-19 pan-
demic might have allowed HCPs to better deal with
the NMD challenges by using TM [14, 29-32]. For
example, the French Rare Health Care for Neuromus-
cular Diseases Network (FILNEMUS) has provided
guidance to harmonize the management of neuromus-
cular patients during the COVID-19 pandemic and to
limit the contamination of fragile NMD patients [14].
Some of these recommendations included to resched-
ule non-urgent appointments and/or, if appropriate,
to replace face-to-face appointments by teleconsul-
tations. Furthermore, if patients did not have the
necessary equipment to perform teleconsultation,
they could use consultation by phone. The American

Academy of Neuromuscular and Electrodiagnostic
Medicine (AANEM) has also issued guidelines for
clinical visits and telemedicine during the COVID-
19 pandemic in which the authors provided guidance
on the tools and techniques of information and dis-
tance education, the use of which has spread very
quickly for the care of neuromuscular patients [32].
An international working group [33] has published
other guidance for the management of Myasthenia
Gravis (MG) and Lambert-Eaton myasthenic syn-
drome (LEMS) during the COVID-19.

Before COVID-19, the deployment of telehealth
in neurology and in particular in neuromuscular
medicine, has been slow [10, 34, 35]. The argu-
ment used to explain this delay was based on the
need for a clinical examination with at least an
assessment of muscle strength, sensory function, and
tendon reflexes, all of which are difficult to implement
from a distance. Some clinical performance scales
have been developed and can be used for remote
evaluation of activity limitation such as Brooke
and Vignos, ONLS (Overall Neuropathy Limitation
Scale), INCAT (Inflammatory Neuropathy Cause and
Treatment), are being used during teleconsultations
on a regular basis. In addition, online guidance can
provide useful information on how to manage the
interruption of physiotherapy support [14]. Indeed,
maintaining muscle strength and flexibility is highly
recommended in NMD through the help of physical
therapy. However, during the COVID-19, restricted
mobility of people in order to increase the resis-
tance against the spread of COVID-19, led to the
closure of private therapist’s practices, including
physiotherapists, speech therapists, and occupational
therapists. Because of the aggravation of symptoms
that can occur in some NMD patients, tele-education
of remote physical reeducation have been established
to allow the continuity of patient support by online
videos adapted to the age and degree of motor impair-
ment of NMD patients. As most of HCPs centers
have maintained tele-consultations activity, patients
and caregivers were encouraged to contact healthcare
centers to receive individualized support. In France,
as in other European countries, the use of TM has
been increasing during the COVID-19 pandemic and
many educational tools technologies are available for
each center who practice TM.

Our findings support the conclusion that TM has
been very effective in expediting the care and follow-
up of NMD patients in Europe during the COVID-19,
improving health management of NMD patients.
However, some limitations remain such as the con-
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tradiction between remote assessment and accurate
clinical evaluation, which makes TM as a comple-
mentary tool rather than a substitute for face-to-face
visits.
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