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Abstract: The ‘coronavirus disease of 2019’ crisis has recently forced an expedited adoption of
teleconsultation (TC) in most medical domains. Short-term digital interventions have generally
been associated with feasibility, clinical benefits, user satisfaction, and cost-effectiveness in patients
with multiple sclerosis (MS) but outcomes after repeated utilization over extended periods need to
be further evaluated. In this feasibility study, 60 subjects with MS were 1:1 randomized to receive
standard care augmented by four TCs using an audiovisual Internet platform (intervention) versus
standard care alone (controls), over a period of 12 months. Effects on functional status, medical costs,
and satisfaction were explored as secondary outcomes. Eighty-nine out of 108 scheduled TCs (82.4%)
were completed, and 26 patients could complete at least one TC (86.7%), meeting our prespecified
feasibility target of 80%. The intervention did not lead to significant differences in functional status
(with the potential exception of fatigue) nor medical costs. Most interventional patients declared
themselves to be (very) satisfied about the quality of care and technical aspects associated with
the TCs. Our results demonstrate that longitudinal clinical monitoring using real-time audiovisual
TC over the Internet is feasible and well-received by patients with MS. Such an approach can be a
promising new care strategy.

Keywords: multiple sclerosis; teleconsultation; internet; feasibility; digital health

1. Introduction

Modern society, including the way we practice medicine, has been shaped by the
technological progress inherited from the three industrial revolutions that have taken place
since the mid-eighteenth century. An extension of the third phase is currently unfolding,
characterized by a shift towards digital electronics, augmenting computing power, artificial
intelligence, and a dominant role for the Internet. Telemedicine (TM)—sometimes also
referred to as e-health or digital medicine—can be defined as the exchange of medical infor-
mation between patients and healthcare providers, who are in separate locations, by means
of electronic communication technology [1]. Phone calls and video conferencing are proto-
typical examples of directly interactive sessions in real-time, whereas their asynchronous
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counterparts (e.g., texting, email, self-scoring devices, wearable sensors, instructive tools)
rely on store-and-forward transmission of medical data and/or advice [2,3]. TM applica-
tions have originally been developed to enable medical services that are difficult to deliver
face-to-face, mainly due to time-sensitive requirements or geographic hurdles, but are now
increasingly and more widely solicited as a complementary support in conjunction with
the more traditional customs [4,5]. Especially in 2020, digital medicine has undergone
an expedited adoption, as the ‘coronavirus disease of 2019’ (COVID-19) rapidly evolved
into a global crisis, for which unprecedented social isolation and mobility restrictions have
been installed as key measures of constrain [6,7], with teleconsultation (TC) becoming an
essential escape scenario for a vast proportion of our health system [8–10].

Studies that have explored the impact of TM in patients with multiple sclerosis (MS),
a frequently occurring, chronic inflammatory demyelinating and degenerative disorder of
the central nervous system [11], were heterogeneous in terms of intervention type, method-
ology, and objectives (i.e., disability assessment, disease management, remote treatment,
rehabilitation/exercise) but have generally shown that the applied procedures provide
clinical benefit, user satisfaction, time gain, and/or cost-effectiveness [3,12]. Notably
though, scientific data on synchronous communication for TC purposes remain scarce
in this field. Two independent pilot studies have recently demonstrated that such single
sessions, using an audiovisual Internet platform, were feasible and well-received in patients
with MS [13,14]. The outcomes after repeated utilization over extended periods of time,
however, are still unknown and form the subject of our current paper, hereby addressing
an important and actual knowledge gap in the anticipation that TC—once we have reached
the post-COVID-19 era—will consolidate its newly obtained place in the MS clinic [15].

2. Materials and Methods
2.1. Study Design, Objectives and Ethics

We performed a single-center prospective study exploring the feasibility (primary
endpoint) of multiple planned synchronous TCs, using an audiovisual Internet platform, in
the longitudinal clinical monitoring of patients with MS. Effects on functional status, medi-
cal costs estimates, and satisfaction were assessed as secondary outcomes; a randomized
control trial design was adopted because most of these exploratory analyses required a com-
parison to standard care. Our study was approved by the ethics committee of the Nationaal
Multiple Sclerose Centrum (NMSC) Melsbroek (local; internal reference: AvN/AVDZ) and
the Universitair Ziekenhuis Brussel (leading; internal reference: 2018/269, Belgian Unique
Number: 143201836797). Written informed consent was obtained from all participants prior
to inclusion. Recruitment and teleconsulting procedures were similar to a preparatory pilot,
in which one digital visit was planned in twenty patients with MS [14], who all agreed to
be involved in this longitudinal project as well.

2.2. Participants

Sixty French- and/or Dutch-speaking patients with MS, according to the 2017 revised
McDonald criteria [16], were recruited at the NMSC Melsbroek, which is a specialized
Belgian MS center, during routine medical follow-up. Home access to the Internet with a
webcam-equipped device was mandatory for study participation. Inclusion of individuals
with a high suspicion of moderate to severe cognitive impairment (based on common
sense judgement of the medical record and/or initial patient contact; any known cognitive
dysfunction defined as scoring less than 21 on the Mini Mental State Evaluation, if present
in the medical record, was used as an exclusion criteria) was actively avoided. Eligible can-
didates were 1:1 randomized to receive standard care (control group) versus standard care,
augmented by four scheduled TM visits (intervention group) over the following 12 months,
using “Research Randomizer” (https://randomizer.org; last accessed on 22 February 2020).

https://randomizer.org
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2.3. Teleconsultations

The study period started with an inclusion visit and terminated with a close-out
evaluation (both face-to-face), conducted by the study supervisor (MiD), with an interval
of 12 ± 2 months between both. Subjects in the intervention group received the date and
time of their first TC after randomization, and subsequent appointments were planned
at the end of each digital contact, striving for an equal distribution over the study period
(i.e., one TC every 3 months). The rescheduling of digital appointments was permitted as
this regularly occurs with standard visits as well. All TCs were performed by the same MS
nurse or neurologist—derived from a pool of three consulting nurses (PE, CC, KVG) and
one neurologist (MiD)—for each individual patient, using an Internet-based audiovisual
communication platform obtained from Zebra Academy [17]. The main goal of the TCs
was to explore the patient’s current global health status during a routine clinical consult.
A checklist (with questions about e.g., general and neurological health, medication, and
life-style factors—see Table in Ref. [14]), similar to the usual content of a regular face-to-face
MS consultation, was used as the backbone for the conversation, but deviations at the
patient’s initiative were allowed. Patients were provided with a unique hyperlink by email
in advance, leading them directly to the virtual waiting room where they could see and
accept our incoming call (see Figure in Ref. [14]). Access was possible from any device
with a webcam (i.e., laptop, desktop, tablet, smartphone). Google Chrome (Google LLC,
Mountain View, CA, USA) was used as the web browser on both sides of the connection, as
advised by Zebra Academy. All subjects had 30 min to respond to the call, starting from
the scheduled time, with maximum of three attempts. A written report was forwarded by
the study team to the treating neurologist after each TC.

2.4. Evaluations
2.4.1. Feasibility

Our TC approach was considered feasible if at least 80% of the patients in the interven-
tion group could complete at least one digital visit and if at least 80% of the total number of
scheduled digital visits could be completed (a priori defined).

2.4.2. Functional Status

Clinical relapses during the study period were recorded, as self-reported by the
patients, at the close-out visit. Disability, clustered symptomatology, and health-related
quality of life were assessed at both the inclusion and close-out visit. The following variables
were recorded: general disability with the Expanded Disability Status Scale (EDSS), mobility
with the Timed 25-Foot Walk Test (T25FWT), dexterity with the Nine-Hole Peg Test (9HPT),
information-processing speed with the Symbol Digit Modalities Test (SDMT), fatigue with
the Fatigue Severity Scale (FSS), depression with the Beck Depression Inventory (BDI) and
the Hospital Anxiety and Depression Scale (HADS), anxiety with the HADS, sleep quality
with the Pittsburgh Sleep Quality Index (PSQI), and overall health-related quality of life
with the Multiple Sclerosis Impact Scale (MSIS-29).

2.4.3. Medical Costs

The number of emergency room visits, days of hospital admission (not including the
study site) and visits to the general practitioner over the study period, as self-reported by
the patients, were recorded at the close-out visit, as a proxy of medical costs.

2.4.4. Satisfaction

The satisfaction with the study trajectory was enquired about for all patients, and
their respective digital caregiver if applicable, at the close-out visit by means of 5-point
Likert scales containing the following categories: very unsatisfied, unsatisfied, neutral,
satisfied, very satisfied. Assessments were independently carried out for (a) global quality
of care, (b) technical quality of the TCs, (c) convenience of the TCs, (d) quality of care
of the TCs, and (e) added value of the TCs to medical care. Only item (a) was relevant
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for participants of the control group. Quantification per item was performed by giving a
score of one for responding ‘very unsatisfied’ and increasing by one point for each higher
response category.

2.5. COVID-19 Interference

Patients were enrolled in this project from 26 August 2019 to 21 February 2020. Due to
unexpected COVID-19 measures, non-urgent medical appointments had to be postponed
in Belgium on multiple occasions during the course of the study (particularly March–June
and October–November 2020). This resulted in (a) two close-out evaluations falling outside
the foreseen time frame (15 and 16 months after the inclusion visit, respectively) and
(b) the need for scheduling several TCs sooner than initially intended. Timelines containing
inclusion, close-out and all TC visits for each participant of the intervention group are
displayed in the Figure 1.
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Figure 1. Timeline of study visits for each participant of the intervention group. M: month, P: patient.
** close out visit, ◦◦ drop-out. Successful teleconsultations are indicated in green, unsuccessful
attempts in red. Corrections: 1 the successful teleconsultation was performed at M6, 2 two successful
teleconsultations were performed at M6, 3 two successful teleconsultations were performed at M10.

2.6. Statistics

All statistical procedures were performed with GraphPad Prism version 9.0.0 (Graph-
Pad Software; San Diego, CA, USA). Data are expressed as mean ± SD for reasons of
uniformity. Group differences were assessed by means of unpaired Student t tests or
Mann–Whitney U tests, where appropriate, depending on the data distribution revealed by
Shapiro–Wilk testing. All reported p values are two-tailed and were considered statistically
significant at the 0.05 level.

2.7. Data Availability

Anonymized data will be shared upon reasonable request from any qualified investigator.

3. Results
3.1. Participants

Baseline demographical data of all participants are shown in Table 1. Twenty-four of
the patients randomized to the intervention group were under disease-modifying treatment
at study inclusion (interferon beta: 1; teriflunomide: 1; dimethylfumarate: 3; fingolimod: 1;
ocrelizumab: 4; natalizumab: 8; alemtuzumab: 6), versus 26 of the controls (interferon
beta: 5; glatiramere acetate: 4; teriflunomide: 3; dimethylfumarate: 3; fingolimod: 1;
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ocrelizumab: 4; natalizumab: 6). Four subjects in each group dropped out during the study;
reasons were loss of follow-up (one intervention subject who cancelled his first TC versus
three controls), loss of interest (two intervention subjects versus one control), and a suitable
device being no longer available (one intervention subject). Timing of drop-out in the
intervention group can be deduced from the Figure 1.

Table 1. Baseline demographic of the study participants.

Intervention Group Control Group

Number of subjects 30 30

Age * [years] 41.3 (10.4) 45.9 (9.1)

Gender [Female/Male] 19/11 15/15

MS subtype [RR/SP/PP] 21/8/1 21/7/2

Disease duration * [years] 10.1 (7.1) 11.2 (6.4)

Education [ES/HS/HE] 0/8/22 3/15/12

Employment status
[U/E/S/D/R] 1/14/0/14/1 0/10/1/19/0

MS: multiple sclerosis, RR: relapsing-remitting, SP: secondary progressive, PP: primary progressive, ES: elementary
school, HS: high school, HE: higher education, U: unemployed, E: employed (active), S: sick leave (temporary),
D: disability leave (permanent), R: retired. * Data expressed as mean (SD).

3.2. Feasibility

Eighty-nine out of 108 scheduled TCs (82.4%) were successfully completed during the
study while 26 patients could successfully complete at least one TC (86.7%). Failures were
due to patients not responding (14/19) and technical issues (5/19). The non-responders
were contacted at a later time by telephone and advised us that they either had forgotten
the appointment or did not want to participate any longer (two subjects). Technical issues
included no notification of the incoming call (three occasions), difficulties maintaining
the Internet connection (one occasion), and insufficient quality of sound (one occasion).
Isolated success rates were 21/29 (72.4%) for TC-1, 24/27 (88.9%) for TC-2, and 22/26
(84.6%) for TC-3 and -4.

3.3. Functional Status

The mean number of patient-reported relapses during the study period did not differ
between participants of the intervention and control groups (0.3 ± 0.5 each, p = 0.54)
who completed the study. Results of all other functional outcome measures are shown in
Tables 2 and 3. Mean changes were not statistically significant except for the FSS scores,
which decreased by 0.3 ± 1.2 in patients of the intervention group, compared with an
increase of 0.4 ± 1.0 in those of the control group (p = 0.03).

3.4. Medical Costs

No significant differences were observed in the mean number of emergency room
visits (0.3 ± 0.5 versus 0.2 ± 0.5, p = 0.91), days of hospital admission (0.7 ± 2.7 versus
2.7 ± 8.0, p = 0.18), and the number of visits to a general practitioner (3.1 ± 4.5 versus
2.1 ± 2.1, p = 0.77) over the study period between patients of the intervention and control
groups, respectively, who completed the study.

3.5. Satisfaction

Quantified results of the satisfaction enquiry are demonstrated in Table 4. The propor-
tion of patients in the intervention group—who completed the study—declaring themselves
to be satisfied or highly satisfied was 26/26 for global quality of care, 19/26 for technical
quality of the TCs, 24/26 for convenience of the TCs, 24/26 for quality of care of the TCs,
and 23/26 for added value of the TCs to medical care; results for the health professionals
who performed the TCs were 25/26, 16/26, 21/26, 25/26, and 25/26, respectively.
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Table 2. Functional outcomes in patients randomized to the intervention group who completed the
study (N = 26) *.

Inclusion Close-Out Change

EDSS 4.2 (2.1) [0] 4.2 (2.3) [0] 0.1 (0.9) [0]; 0.82

T25FWT 15.6 (34.4) [0] 26.6 (53.1) [1] 10.8 (34.1) [1]; 0.75

9HPT-dom 25.6 (13.7) [0] 24.7 (9.9) [1] −0.8 (11.8) [1]; 0.82

9HPT-ndom 34.4 (53.5) [0] 37.4 (55.0) [1] 2.4 (11.9) [1]; 0.77

SDMT 58.3 (12.5) [2] 55.0 (13.6) [2] −1.8 (10.0) [4]; 0.38

FSS 4.9 (1.2) [0] 4.6 (1.7) [0] −0.3 (1.2) [0]; 0.03

BDI 10.9 (7.2) [0] 11.5 (11.4) [0] 0.7 (6.9) [0]; 0.56

HADS-anx 6.7 (4.0) [0] 6.3 (4.9) [0] −0.3 (5.3) [0]; 0.55

HADS-dep 5.0 (3.5) [0] 5.5 (5.2) [0] 0.5 (4.6) [0]; 0.58

PSQI 6.3 (3.7) [1] 6.8 (4.7) [5] −0.2 (4.0) [5]; 0.69

MSIS-29-phy 29.1 (20.2) [1] 34.6 (24.8) [0] 4.8 (18.1) [1]; 0.33

MSIS-29-psy 29.2 (22.5) [3] 29.2 (24.2) [0] 1.3 (23.9) [3]; 0.79
EDSS: Expanded Disability Status Scale; T25FWT: Timed 25-Foot Walk Test; 9HPT-dom: Nine-Hole Peg Test for
dominant hand; 9HPT-ndom: Nine-Hole Peg Test for non-dominant hand; SDMT: Symbol Digit Modalities Test;
FSS: Fatigue Severity Scale; BDI: Beck Depression Inventory; HADS-anx: Hospital Anxiety and Depression Scale
for anxiety; HADS-dep: Hospital Anxiety and Depression Scale for depression; PSQI: Pittsburgh Sleep Quality
Index (PSQI); MSIS-29-psy: Multiple Sclerosis Impact Scale for psychological impact; MSIS-29-phy: Multiple
Sclerosis Impact Scale for physical impact. * Scores expressed as mean (SD) [missing values]; p value for
comparison with the respective change in the control group, as expressed in Table 3.

Table 3. Functional outcomes in patients randomized to the control group who completed the study
(N = 26) *.

Inclusion Close-Out Change

EDSS 4.4 (2.1) [0] 4.6 (2.0) [0] 0.2 (0.7) [0]

T25FWT 6.8 (2.9) [2] 27.9 (74.3) [0] 0.8 (2.2) [2]

9HPT-dom 48.9 (74.0) [0] 54.6 (77.9) [0] 5.6 (20.7) [0]

9HPT-ndom 50.0 (73.7) [0] 52.0 (74.4) [0] 2.1 (6.3) [0]

SDMT 53.6 (14.5) [4] 52.5 (13.9) [1] 0.9 (9.6) [5]

FSS 4.3 (1.2) [0] 4.6 (1.5) [0] 0.4 (1.0) [0]

BDI 8.8 (5.7) [0] 7.4 (4.9) [1] −1.4 (3.8) [1]

HADS-anx 6.1 (3.6) [0] 6.4 (3.5) [1] 0.4 (3.7) [1]

HADS-dep 4.8 (3.1) [0] 4.5 (2.5) [1] −0.2 (3.0) [1]

PSQI 6.4 (3.9) [0] 5.8 (3.4) [2] −0.7 (3.4) [2]

MSIS-29-phy 33.1 (16.2) [3] 39.5 (18.2) [0] 7.7 (11.2) [3]

MSIS-29-psy 29.1 (22.0) [4] 29.8 (17.6) [0] 1.9 (17.6) [4]
EDSS: Expanded Disability Status Scale; T25FWT: Timed 25-Foot Walk Test; 9HPT-dom: Nine-Hole Peg Test for
dominant hand; 9HPT-ndom: Nine-Hole Peg Test for non-dominant hand; SDMT: Symbol Digit Modalities Test;
FSS: Fatigue Severity Scale; BDI: Beck Depression Inventory; HADS-anx: Hospital Anxiety and Depression Scale
for anxiety; HADS-dep: Hospital Anxiety and Depression Scale for depression; PSQI: Pittsburgh Sleep Quality
Index (PSQI); MSIS-29-psy: Multiple Sclerosis Impact Scale for psychological impact; MSIS-29-phy: Multiple
Sclerosis Impact Scale for physical impact. * Scores expressed as mean (SD) [missing values].
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Table 4. Satisfaction as quantified from 5-point Likert scales with regard to patients who completed
the study *.

Intervention Group (N = 26) Control Group (N = 26) HCPs Performing the TCs

Global QoC 4.6 (0.5) ◦ 4.5 (0.5) ◦ 4.4 (0.6)

Technical quality of the TCs 4.1(1.0) - 3.9 (1.0)

Convenience of the TCs 4.5 (0.6) - 4.2 (0.9)

QoC of the TCs 4.5 (0.6) - 4.3 (0.7)

Added value of the TCs to medical care 4.4 (0.7) - 4.6 (0.6)

HCPs: healthcare providers; TCs: teleconsultations; QoC: quality of care. * Scores expressed as mean (SD);
◦ p value not significant (0.58).

4. Discussion

We present the first ever study, to our knowledge, demonstrating the feasibility of
synchronous TC using an audiovisual Internet platform, when repeatedly applied for the
clinical monitoring of individuals with MS over a substantial time period (i.e., one year). In
addition, the appraisal of general care, technical quality, and convenience, as related to the
digital visits, was excellent in the majority of patients and healthcare providers involved in
the interventional arm. These results are in line with a recent and similarly designed trial
among subjects with Parkinson disease—representing another frequently occurring chronic
disorder of the central nervous system—living throughout the United States of America, in
which 98% of the 97 participants randomized to the intervention group completed at least
one digital visit, and 91% of the 388 planned digital visits were completed as scheduled.
Here, the authors calculated that each virtual session would have saved patients a median
of 88 min (95% CI 70–120; p < 0.001) and 38 miles per visit (95% CI 36–56; p < 0.001),
compared to their usual care [18]. Feasibility was considered as a binary outcome measure
in both studies (i.e., either the TC works or not) and the prespecified success target of at least
80% corresponds well to previously reported ‘no-show’ rates associated with in-person
visits at neurology clinics [19,20].

Our TC approach did not lead to significant differences in parameters reflecting
functional status (with the exception of fatigue) and medical costs. These secondary
analyses were incorporated mainly for exploratory purposes, accepting a possible risk of a
type II error. The likelihood of inducing a clinically relevant benefit with our intervention
was considered low during study preparation, since it was never the intention to offer
specific nor standardized treatment programs. Nonetheless, retaining the status quo
can also be valuable as we, a priori, did consider the possibility of (increased) virtual
attention inducing or aggravating MS-related symptomatology, such as anxiety and/or
sleep difficulties. The positive impact of the intervention on fatigue levels should be
interpreted with caution because the effect size was small and would not have survived a
statistical (Bonferoni) correction for multiple comparisons. It is worth noting, however, that
fatigue and physical activity levels showed improvement with other web- and telephone-
based interactive sessions primarily based on educational and motivational coaching [21,22].
Surrogates of medical costs did not significantly differ between our two groups and were
preferred above direct values because TC still occurred in addition to standard care. Gain in
that domain, though, can be expected in future studies which actually replace face-to-face
with digital visits in routine follow-up.

COVID-19 has deeply disrupted human socialization and forced our health system
towards a large-scale adoption of TC on very short notice. Our findings can help solid-
ify the scientific basis for continuing such practice, using the Internet as the flagship of
modern-day communication, within a complementary hybrid model for next-generation
MS care [15]. A number of reasons can be given to explain why patients with MS may be
particularly suitable candidates to benefit from digitalization of neurological care. First,
diagnosis is typically established during young adulthood [11], when time availability for
medical attention is limited due to other priorities in life. Second, MS may lead to cumu-



J. Pers. Med. 2022, 12, 433 8 of 10

lative physical disability [11], complicating access to neurological facilities, even in areas
offering sufficient and dense resources. Third, over the past two decades, we have seen a
spectacular growth of the disease-modifying and symptomatic treatment armamentarium
for individuals with MS, which is expected to ameliorate at least short- to medium-term
prognosis but also increases the complexity of routine follow-up. Fourth, a significant
proportion of affected patients (i.e., 30%) appears to completely miss out on neurological
care [23], likely decreasing their chance of receiving state-of-the-art disease management
and jeopardizing a favorable clinical outcome. Simultaneously, there seems to be a high
interest among individuals with MS for using the Internet as a health information source
and for online interaction with medical specialists [24]. As a final, general, and perhaps
most convincing argument, we can state that nervous system disorders are currently the
leading source of disability, affecting over one billion people worldwide [25], and represent
a burden that is expected to at least double over the next two decades, mostly because of
a growing elderly population [26]. In parallel, we have recently witnessed an increased
prevalence and life-expectancy in patients with MS [27,28]. Access to neurological care is
indigent already, as expressed by several health authorities in statements that do not solely
apply to remote or low-income regions [4]. Consequently, the pressure on our classic health
model will naturally rise to levels necessitating at least some form of digital redesign in
order to avoid a total overflow, a rationale that has recently been put to the forefront by
COVID-19 but survives even in complete abstraction of this crisis.

The most important limitations of this study were caused by the heterogeneity of the
healthcare provider pool and the absence of a clinical neurological exam in the TC protocol.
Neurology has long remained a very bedside-orientated ‘hands-on’ specialty, and the fear
of missing subtle yet critical clinical details during a remote physical evaluation likely
forms the Achilles heel of teleneurology in general. Supportive proposals are starting to be
published [3,29], and it is of interest to mention that Bove and colleagues recently reported
an agreement within one point between in-person and televideo-enabled EDSS scores for
88% of the cases, which is similar to the in-person inter-rater reliability described earlier by
others [30]. The NMSC Melsbroek is a highly specialized hospital specifically focusing on
the neurological management, multidisciplinary care, and/or rehabilitation of individuals
with MS. All participants were allowed to use the ambulatory and in-hospital rehabilitation
services of the center as a part of standard care during the study, if deemed necessary by
their treating physicians. This decision was based on ethical considerations, but it cannot
be excluded that such rehabilitation activities have influenced our secondary outcomes.
As explained above (see Section 3.5), a priori unforeseen COVID-19 measures may have
resulted in reduced access to the clinic and/or delay of standard care on multiple occasions
during the study, which could have created a disproportionately positive welcoming of
digital solutions. Furthermore, there might be other reasons to be cautious when generaliz-
ing our findings to the full MS community, as it cannot be ruled out that disease-specific,
geographic, cultural, and/or social differences may lead to less positive outcomes. Previous
studies have disclosed that patients with cognitive or visual impairment experienced more
difficulties while using home-based TM systems [31,32], whereas we have actively avoided
recruitment of participants with apparent cognitive dysfunction. We also have to acknowl-
edge that there was a greater proportion of participants with a higher education level in our
interventional group, as compared to the controls. TM has generally been praised for its
potential to facilitate access to medical care, but recent reports have, somewhat surprisingly,
warned of the persistence or even aggravation of ethnical and other disparities [33–35].
Possible solutions include wide-spread promotional campaigns, mobile paramedical teams,
assistance by (educated) caregivers, and fully equipped community centers, of which most
examples can also help with the more challenging aspects of the clinical exam. These factors
related to background variability should not be forgotten when designing future research
aimed at demonstrating the non-inferiority of replacing face-to-face with digital visits in
the MS clinic, compared to the classic approach.
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In conclusion, our study demonstrated the technical and practical feasibility of live
audiovisual TC over the Internet for routine neurological follow-up in patients with MS.
The digital approach was well-appreciated by both participating patients and healthcare
providers. Future trials can now be designed in which the effect (e.g., non-inferiority) of
replacing classic face-to-face visits with such TM modalities can be assessed for multiple
purposes. We believe that this will be the phase where their full potential will come to
expression but also one in which we must factor in the abovementioned systemic pitfalls
and tailor the interventions to the individual patient needs.

Author Contributions: M.D. and G.N. conceptualized the study. The statistical analyses were
conducted by M.D., G.N. and J.V.S.; N.S. and M.D. wrote the first draft of the paper, while all authors
were involved in the critical reading and revision process. All authors have read and agreed to the
published version of the manuscript.

Funding: This research received no external competitive funding.

Institutional Review Board Statement: Our study was approved by the ethics committee of the
Nationaal Multiple Sclerose Centrum (NMSC) Melsbroek (local; internal reference: AvN/AVDZ)
and the Universitair Ziekenhuis Brussel (leading; internal reference: 2018/269, Belgian Unique
Number: 143201836797).

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: Anonymized data will be shared upon reasonable request from any
qualified investigator.

Acknowledgments: The authors thank Zebra Academy for offering their technology free of charge for
this study. We would also like to express our gratitude toward Gert Ooms and Ann Van Remoortel
(NMSC Nursing Deparment), Thomas Van Oosthuysen (NMSC Information and Communications
Technology Department) and the Zebra Academy crew for providing logistic and/or technical support.

Conflicts of Interest: This study was supported by a non-competitive research grant from Roche
(Basel, Switzerland). G.N. is a shareholder of Zebra Academy. The authors have no potential conflicts
of interest to report.

References
1. Sola-Valls, N.; Blanco, Y.; Sepúlveda, M.; Martinez-Hernandez, E.; Saiz, A. Telemedicine for Monitoring MS Activity and

Progression. Curr. Treat. Options Neurol. 2015, 17, 47. [CrossRef]
2. Rubin, M.N.; Wellik, K.E.; Channer, D.D.; Demaerschalk, B.M. Systematic review of teleneurology: Neurohospitalist neurology.

Neurohospitalist 2013, 3, 120–124. [CrossRef]
3. Xiang, X.M.; Bernard, J. Telehealth in Multiple Sclerosis Clinical Care and Research. Curr. Neurol. Neurosci. Rep. 2021, 21, 14.

[CrossRef] [PubMed]
4. Dorsey, E.R.; Glidden, A.M.; Holloway, M.R.; Birbeck, G.L.; Schwamm, L.H. Teleneurology and mobile technologies: The future

of neurological care. Nat. Rev. Neurol. 2018, 14, 285–297. [CrossRef]
5. Hatcher-Martin, J.M.; Adams, J.L.; Anderson, E.R.; Bove, R.; Burrus, T.M.; Chehrenama, M.; O’Brien, M.D.; Eliashiv, D.S.;

Erten-Lyons, D.; Giesser, B.S.; et al. Telemedicine in neurology: Telemedicine Work Group of the American Academy of
Neurology update. Neurology 2020, 94, 30–38. [CrossRef]

6. Rothan, H.A.; Byrareddy, S.N. The epidemiology and pathogenesis of coronavirus disease (COVID-19) outbreak. J. Autoimmun.
2020, 109, 102433. [CrossRef]

7. Guzik, A.K.; Switzer, J.A. Teleneurology is neurology. Neurology 2020, 94, 16–17. [CrossRef]
8. Klein, B.C.; Busis, N.A. COVID-19 is catalyzing the adoption of teleneurology. Neurology 2020, 94, 903–904. [CrossRef] [PubMed]
9. Keesara, S.; Jonas, A.; Schulman, K. Covid-19 and Health Care’s Digital Revolution. N. Engl. J. Med. 2020, 382, e82. [CrossRef]
10. Sastre-Garriga, J.; Tintore, M.; Montalban, X. Keeping standards of multiple sclerosis care through the COVID-19 pandemic. Mult.

Scler. 2020, 26, 1153–1156. [CrossRef]
11. Reich, D.S.; Lucchinetti, C.F.; Calabresi, P.A. Multiple Sclerosis. N. Engl. J. Med. 2018, 378, 169–180. [CrossRef] [PubMed]
12. Yeroushalmi, S.; Maloni, H.; Costello, K.; Wallin, M.T. Telemedicine and Multiple Sclerosis: A Comprehensive Literature Review.

J. Telemed. Telecare 2020, 26, 400–413. [CrossRef] [PubMed]
13. Robb, J.F.; Hyland, M.H.; Goodman, A.D. Comparison of telemedicine versus in-person visits for persons with multiple sclerosis:

A randomized crossover study of feasibility, cost, and satisfaction. Mult. Scler. Relat. Disord. 2019, 36, 101258. [CrossRef]
[PubMed]

http://doi.org/10.1007/s11940-015-0377-y
http://doi.org/10.1177/1941874413483754
http://doi.org/10.1007/s11910-021-01103-4
http://www.ncbi.nlm.nih.gov/pubmed/33646409
http://doi.org/10.1038/nrneurol.2018.31
http://doi.org/10.1212/WNL.0000000000008708
http://doi.org/10.1016/j.jaut.2020.102433
http://doi.org/10.1212/WNL.0000000000008693
http://doi.org/10.1212/WNL.0000000000009494
http://www.ncbi.nlm.nih.gov/pubmed/32238505
http://doi.org/10.1056/NEJMp2005835
http://doi.org/10.1177/1352458520931785
http://doi.org/10.1056/NEJMra1401483
http://www.ncbi.nlm.nih.gov/pubmed/29320652
http://doi.org/10.1177/1357633X19840097
http://www.ncbi.nlm.nih.gov/pubmed/31042118
http://doi.org/10.1016/j.msard.2019.05.001
http://www.ncbi.nlm.nih.gov/pubmed/31472419


J. Pers. Med. 2022, 12, 433 10 of 10

14. D’Haeseleer, M.; Eelen, P.; Sadeghi, N.; D’Hooghe, M.B.; Van Schependom, J.; Nagels, G. Feasibility of Real Time Internet-Based
Teleconsultation in Patients With Multiple Sclerosis: Interventional Pilot Study. J. Med. Internet Res. 2020, 22, e18178. [CrossRef]
[PubMed]

15. D’Haeseleer, M. Teleconsultation will replace most face-to-face interactions in the multiple sclerosis clinic—Commentary. Mult.
Scler. 2021, 27, 178–179. [CrossRef] [PubMed]

16. Thompson, A.J.; Banwell, B.L.; Barkhof, F.; Carroll, W.M.; Coetzee, T.; Comi, G.; Correale, J.; Fazekas, F.; Filippi, M.;
Freedman, M.S.; et al. Diagnosis of multiple sclerosis: 2017 revisions of the McDonald criteria. Lancet Neurol. 2018, 17, 162–173.
[CrossRef]

17. Valenzuela Espinoza, A.; Van Hooff, R.J.; De Smedt, A.; Moens, M.; Yperzeele, L.; Nieboer, K.; Hubloue, I.; de Keyser, J.;
Convents, A.; Fernandez Tellez, H.; et al. Development and Pilot Testing of 24/7 In-Ambulance Telemedicine for Acute Stroke:
Prehospital Stroke Study at the Universitair Ziekenhuis Brussel-Project. Cerebrovasc. Dis. 2016, 42, 15–22. [CrossRef] [PubMed]

18. Beck, C.A.; Beran, D.B.; Biglan, K.M.; Boyd, C.M.; Dorsey, E.R.; Schmidt, P.N.; Simone, R.; Willis, A.W.; Galifianakis, N.B.;
Katz, M.; et al. National randomized controlled trial of virtual house calls for Parkinson disease. Neurology 2017, 89, 1152–1161.
[CrossRef] [PubMed]

19. Morera-Guitart, J.; Mas-Server, M.A.; Mas-Sese, G. Analysis of the patients who missed their appointments at the neurology clinic
of the Marina Alta. Rev. Neurol. 2002, 34, 701–705. [PubMed]

20. Guzek, L.M.; Gentry, S.D.; Golomb, M.R. The estimated cost of “no-shows” in an academic pediatric neurology clinic. Pediatr.
Neurol. 2015, 52, 198–201. [CrossRef]

21. D’Hooghe, M.; Van Gassen, G.; Kos, D.; Bouquiaux, O.; Cambron, M.; Decoo, D.; Lysandropoulos, A.; van Wijmeersch, B.;
Willekens, B.; Penner, I.; et al. Improving fatigue in multiple sclerosis by smartphone-supported energy management: The MS
TeleCoach feasibility study. Mult. Scler. Relat. Disord. 2018, 22, 90–96. [CrossRef] [PubMed]

22. Finlayson, M.; Preissner, K.; Cho, C.; Plow, M. Randomized trial of a teleconference-delivered fatigue management program for
people with multiple sclerosis. Mult. Scler. 2011, 17, 1130–1140. [CrossRef] [PubMed]

23. Minden, S.L.; Hoaglin, D.C.; Hadden, L.; Frankel, D.; Robbins, T.; Perloff, J. Access to and utilization of neurologists by people
with multiple sclerosis. Neurology 2008, 70, 1141–1149. [CrossRef]

24. Lejbkowicz, I.; Paperna, T.; Stein, N.; Dishon, S.; Miller, A. Internet usage by patients with multiple sclerosis: Implications to
participatory medicine and personalized healthcare. Mult. Scler. Int. 2010, 2010, 640749. [CrossRef]

25. Feigin, V.L.; Vos, T.; Nichols, E.; Owolabi, M.O.; Carroll, W.M.; Dichgans, M.; Deuschl, G.; Parmar, P.; Brainin, M.; Murray, C. The
global burden of neurological disorders: Translating evidence into policy. Lancet Neurol. 2020, 19, 255–265. [CrossRef]

26. Dorsey, E.R.; Constantinescu, R.; Thompson, J.P.; Biglan, K.M.; Holloway, R.G.; Kieburtz, K.; Marshall, F.J.; Ravina, B.M.;
Schifitto, G.; Siderowf, A.; et al. Projected number of people with Parkinson disease in the most populous nations, 2005 through
2030. Neurology 2007, 68, 384–386. [CrossRef]

27. Walton, C.; King, R.; Rechtman, L.; Kaye, W.; Leray, E.; Marrie, R.A.; Robertson, N.; la Rocca, N.; Uitdehaag, B.; van der Mei, I.; et al.
Rising prevalence of multiple sclerosis worldwide: Insights from the Atlas of MS, third edition. Mult. Scler. 2020, 26, 1816–1821.
[CrossRef] [PubMed]

28. Marrie, R.A.; Elliott, L.; Marriott, J.; Cossoy, M.; Blanchard, J.; Leung, S.; Yu, N. Effect of comorbidity on mortality in multiple
sclerosis. Neurology 2015, 85, 240–247. [CrossRef]

29. Moccia, M.; Lanzillo, R.; Brescia Morra, V.; Bonavita, S.; Tedeschi, G.; Leocani, L.; Lavorgna, L. Assessing disability and relapses
in multiple sclerosis on tele-neurology. Neurol. Sci. 2020, 41, 1369–1371. [CrossRef]

30. Bevan, C.; Crabtree, E.; Zhao, C.; Gomez, R.; Garcha, P.; Morrissey, J.; Dierkhising, J.; Green, A.J.; Hauser, S.L.; AC Cree, B.; et al.
Toward a low-cost, in-home, telemedicine-enabled assessment of disability in multiple sclerosis. Mult. Scler. 2019, 25, 1526–1534.

31. Atreja, A.; Mehta, N.; Miller, D.; Moore, S.; Nichols, K.; Miller, H.; Harris, C.M. One size does not fit all: Using qualitative methods
to inform the development of an Internet portal for multiple sclerosis patients. AMIA Annu. Symp. Proc. 2005, 2005, 16–20.

32. Settle, J.R.; Maloni, H.W.; Bedra, M.; Finkelstein, J.; Zhan, M.; Wallin, M.T. Monitoring medication adherence in multiple sclerosis
using a novel web-based tool: A pilot study. J. Telemed. Telecare 2016, 22, 225–233. [CrossRef] [PubMed]

33. Strowd, R.E.; Strauss, L.; Graham, R.; Dodenhoff, K.; Schreiber, A.; Thomson, S.; Ambrosini, A.; Thurman, A.M.; Olszewski, C.;
Smith, L.D.; et al. Rapid implementation of outpatient teleneurology in rural Appalachia: Barriers and disparities. Neurol. Clin.
Pract. 2020, 11, 232–241. [CrossRef] [PubMed]

34. Cummings, C.; Almallouhi, E.; Al Kasab, S.; Spiotta, A.M.; Holmstedt, C.A. Brief report: Blacks are less likely to present with
strokes during the COVID-19 pandemic: Observations from the buckle of the stroke belt. Stroke 2020, 51, 3107–3111. [CrossRef]
[PubMed]

35. Plow, M.; Motl, R.W.; Finlayson, M.; Bethoux, F. Response heterogeneity in a randomized controlled trial of telerehabilitation
interventions among adults with multiple sclerosis. J. Telemed. Telecare 2020. [CrossRef] [PubMed]

http://doi.org/10.2196/18178
http://www.ncbi.nlm.nih.gov/pubmed/32447274
http://doi.org/10.1177/1352458520979303
http://www.ncbi.nlm.nih.gov/pubmed/33325790
http://doi.org/10.1016/S1474-4422(17)30470-2
http://doi.org/10.1159/000444175
http://www.ncbi.nlm.nih.gov/pubmed/26950076
http://doi.org/10.1212/WNL.0000000000004357
http://www.ncbi.nlm.nih.gov/pubmed/28814455
http://www.ncbi.nlm.nih.gov/pubmed/12080486
http://doi.org/10.1016/j.pediatrneurol.2014.10.020
http://doi.org/10.1016/j.msard.2018.03.020
http://www.ncbi.nlm.nih.gov/pubmed/29649789
http://doi.org/10.1177/1352458511404272
http://www.ncbi.nlm.nih.gov/pubmed/21561960
http://doi.org/10.1212/01.wnl.0000306411.46934.ef
http://doi.org/10.1155/2010/640749
http://doi.org/10.1016/S1474-4422(19)30411-9
http://doi.org/10.1212/01.wnl.0000247740.47667.03
http://doi.org/10.1177/1352458520970841
http://www.ncbi.nlm.nih.gov/pubmed/33174475
http://doi.org/10.1212/WNL.0000000000001718
http://doi.org/10.1007/s10072-020-04470-x
http://doi.org/10.1177/1357633X15597115
http://www.ncbi.nlm.nih.gov/pubmed/26253748
http://doi.org/10.1212/CPJ.0000000000000906
http://www.ncbi.nlm.nih.gov/pubmed/34484890
http://doi.org/10.1161/STROKEAHA.120.031121
http://www.ncbi.nlm.nih.gov/pubmed/32755454
http://doi.org/10.1177/1357633X20964693
http://www.ncbi.nlm.nih.gov/pubmed/33100184

	Introduction 
	Materials and Methods 
	Study Design, Objectives and Ethics 
	Participants 
	Teleconsultations 
	Evaluations 
	Feasibility 
	Functional Status 
	Medical Costs 
	Satisfaction 

	COVID-19 Interference 
	Statistics 
	Data Availability 

	Results 
	Participants 
	Feasibility 
	Functional Status 
	Medical Costs 
	Satisfaction 

	Discussion 
	References

