
DEMYELINATING DISORDERS (J. BERNARD AND M. CAMERON, SECTION EDITORS)

Telehealth in Multiple Sclerosis Clinical Care and Research

Xinran Maria Xiang1
& Jacqueline Bernard1

Accepted: 21 January 2021
# The Author(s), under exclusive licence to Springer Science+Business Media, LLC part of Springer Nature 2021

Abstract
Purpose of Review The COVID-19 pandemic has provided us with a unique opportunity to experiment with telehealth and
evaluate its benefits and limitations. This review discusses the impact of telehealth onmultiple sclerosis (MS) care and research in
adults and children.
Recent Findings Telehealth visits for MS patients have been shown to reduce missed workdays and costs for patients. Brief
telephone-based counseling may be associated with better adherence to disease-modifying therapy, although results of multiple
home-based tele-rehabilitation for people withMS have been equivocal. Overall, patients and providers have reported high levels
of satisfactions with telehealth. Several remote disability measures and numerous other technological tools have emerged for use
in remoteMS research and care. Major challenges of telehealth include limitations to performing a complete neurologic exam and
disparities in access to telehealth amongst vulnerable populations with limited access to virtual platforms.
Summary Following the rapid expansion of telehealth during the pandemic, it is highly likely that we will continue to embrace
the benefits of this valuable tool. Future directions for improving telehealth should include more evidence-based research on the
diagnostic accuracy in neuroimmunology and reducing disparities in the access to telehealth.
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Introduction

Telehealth is the use of virtual technology-based platforms to
deliver health information and medical care, and it includes
several distinct types of services [1]. Synchronous telehealth is
defined as the delivery of health information in real-time that
allows for a live discussion conducted remotely. In asynchro-
nous telehealth, a patient or physician collects and sends med-
ical information such as medical history, images, and lab re-
ports to a specialist for medical expertise. Novel technologies,
including biosensors and mobile devices, have also expanded
the scope of telehealth in recent years.

Before the onset of the COVID-19 pandemic, telehealth in
neurology had been driven primarily by the lack of access to
adult and child neurologic consultations for certain geographic
parts of the country [2]. Teleneurology has been used for a

variety of neurologic disorders, including cerebrovascular disor-
ders, neuro-oncological disorders, and multiple sclerosis (MS)
[3]. A retrospective study in 2002 compared outpatient neurolo-
gy telehealth encounters with two cohorts of face-to-face neurol-
ogy evaluations, and with neurology outpatients seen by general
physicians [4]. The study found that management of patients
from the telehealth group was also not significantly different
from those seen face-to-face by neurologists in hospital clinics,
but the telehealth patients had significantly fewer investigations
and follow-ups than those patients managed by general physi-
cians [4]. This study showed that the management of outpatient
neurology patients by neurologists using telehealth is similar to
that by neurologists in face-to-face visits [4].

While the COVID-19 pandemic has accelerated our inte-
gration of telehealth platforms in all areas of neurologic care,
this article will primarily address the impact of telehealth on
MS care and research in adults and children.

Use of Telehealth in MS Clinical Care

HIPPA-Compliant Platforms

Although the US Department of Health and Human Services
allows for HIPAA flexibility for good faith use of
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telemedicine during the COVID-19 pandemic, a HIPAA-
compliant platform is recommended to avoid potential com-
plications after the pandemic has ended. The American
Academy of Neurology (AAN) does not endorse specific ven-
dors of telemedicine platforms. There are now numerous
HIPAA-compliant platforms available, and some of which
have been integrated into electronic health records, but the
integration is not necessary to conduct a telehealth visit [5, 6].

Remote Neurologic Examination for Adults and
Children

One of the major challenges of telehealth is the limitation
in the ability to complete a remote neurologic exam, es-
pecially when evaluating sensation, reflexes, tone, motor
strength, and optic nerve function [7]. In March 2020, the
AAN released a guide for implementing telemedicine and
included a detailed description of performing the adult
neurologic exam via virtual platforms [5]. Some platforms
offer technical focusing options that allow examiners to
evaluate pupils and palate. Most of the remaining neuro-
logic exam requires an additional person with the patient
to help the remote examiner. The neurologist may inspect
for subtle signs of weakness by checking for drift and
asking the patient to perform functional assessments such
as standing up with arms crossed and crouch then stand
(sit to stand). The neurologist may then use an assistant
present with the patient to assess individual roots and
branches of the brachial and lumbar plexus. During the
sensory exam, an assistant may be instructed to evaluate
for sensory differences between left and right, differences
between dermatomes, and evaluate for extinction with
double simultaneous stimulation. Examination of reflexes
may be difficult without a skilled examiner, but an assis-
tant present with the patient may be instructed to look for
the plantar response [5].

In May 2020, the Child Neurology Society published a
guide for the pediatric neurologic examination via tele-
medicine [8]. Included in the guide are instructions for
the exam based on three different age groups: infant (<
12 months), toddler (12–36 months), and child (3–10
years). This guide emphasizes that pediatric neurologic
exams via telemedicine are mostly observational and
therefore require ongoing and careful observation of the
patient throughout the visit [8]. The authors also recom-
mended having a shiny or visually interesting toy and a
noise-making toy available for all ages [8]. Additional tips
for performing the cranial nerve exam include assessing
for extraocular eye movements by having the patient fix-
ate on the camera while the caregiver rotates the patient’s
head from side to side. For the evaluation of reflexes in
young patients, the examiner may instruct the caregiver to
assess for Moro [8].

Use of Telehealth in Adult MS Care

In 2019 prior to the COVID-19 pandemic, the Telemedicine
Work Group of the AAN reported that telemedicine visits for
MS patients reduced missed workdays by 65%, saved travel
by an average of 258 km, and reduced costs of lodging by
17% [9]. A randomized controlled pilot trial found that brief
telephone-based counseling was associated with better adher-
ence to disease-modifying therapy (DMT) amongst veterans
with MS [10]. Another longitudinal cohort study among vet-
erans with MS found that 87.5% of participants reported pos-
itive experiences with home telehealth monitor [11].

Results of multiple home-based tele-rehabilitation for peo-
ple with MS have shown equivocal results [12••]. Several
prospective studies found that telephone- or web-based inter-
ventions were feasible and effective for reducing fatigue and
increasing physical activity in MS patients [13–17]. A pilot
study of a web-based module designed for self-management
of MS showed significant improvement in the timed 25-foot
walk (T25FW) and the 6-min walk, but a larger randomized
trial of the same platform did not show a significant difference
in the T25FW [12••]. A randomized, controlled study found
no significant difference in the T25FW following 12 weeks of
internet-based physical therapy compared to usual care in peo-
ple with MS, and the same study also found that participants
who were less familiar with the internet required more tech-
nological support and showed decreased login rates over the
course of the program [12••, 18]. Another randomized, con-
trolled tele-rehabilitation study found decreased compliance
over time with no improvements in health-related quality of
life after 6 months despite noting significant improvements in
muscles strength and sports activity [12••, 19].

Overall, patients and providers have reported high levels of
satisfactions with telehealth across multiple specialties
[20–23]. A prospective study of 36 MS patients found that
97% of participants would recommend telemedicine visits to
others, and 94% of participants rated it easy to connect via
telemedicine [22]. Participants in this study provided qualita-
tive comments that expressed appreciation for the conve-
nience of telemedicine visits and similarity to in-clinic visits
[22]. Another study included 36 patients with movement dis-
orders who completed telepsychiatry visits for management of
psychiatric symptoms [23]. Ninety-five percent of the partic-
ipants were very satisfied with the care, and 76% of partici-
pants reported they were very satisfied with the technical qual-
ity [23]. A third study evaluated the implementation of in-
hospital teleneurology consultations conducted using hand-
held tablet technology and found that community physicians
were able to successfully manage 87% of patients in partner-
ship with neurologists at a community-based hospital, and
91% of community physicians were satisfied or somewhat
satisfied with the overall service [20]. In specialties beyond
neurology, a controlled study included patients who were
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referred for dermatology consultation, and patients were ex-
amined in-person, by video, and by store-and-forward
methods [21]. While both dermatologists and patients pre-
ferred in-person examinations, satisfaction with telehealth
remained high. Patients in this study were equally divided
with preference for store-and-forward and live video interac-
tions [21].

Telemedicine in Child Neurology and Pediatric MS
Care

The use of telemedicine in general child neurology has also
been widely implemented following the COVID-19 pandem-
ic. A study that analyzed over 2,500 child neurology
telehealth encounters necessitated by the COVID-19 pandem-
ic found no differences in patient’s age and major ICD10
codes before and after the transition to telehealth [24].
Ninety-three percent of the encounters were considered satis-
factory by clinicians [24]. Eighty-nine percent of follow-up
encounters included telemedicine as a component, and face-
to-face assessments were recommended following 5% of en-
counters [24]. While technical difficulties were reported in
40% of encounters, patients or caregivers reported interest in
using telemedicine for future care in 86% of the encounters
[24].

While studies on the use of telehealth for children with MS
are limited, one double-blind randomized controlled pilot
study evaluated the efficacy of a home-based computerized
program for retraining attention in 16 pediatric-onset MS pa-
tients and 20 attention-deficit hyperactivity disorder patients
who failed at least two out of four attention tests on a neuro-
psychological battery [25]. The participants were randomized
to either specific computerized training based on the Attention
Processing Training program or non-specific computerized
training that consisted of a series of non-specific exercises.
In participants with pediatric-onset MS, exposure to specific
computerized training was associated with significantly im-
proved cognitive impairment index and improved attention,
concentration, and visuospatial memory performances [25].

Applying Telehealth to MS Clinical Research

Clinical research in MS depends on the ability to assess for
disability. The Expanded Disability Status Scale (EDSS) has
been the standard disability assessment tool in both clinical
practice and research studies. A proof of principle study eval-
uated disability using telemedicine in people with mild to
moderate MS by comparing EDSS scores obtained using a
standardized in-person EDSS evaluation to a tele-EDSS score
[26•]. The tele-EDSS evaluation required an “in-home neuro
kit” that included standard neurologic examination tools such
as a vision card, cotton swab, tuning fork, and alcohol swab.

The authors found that in 88% of evaluations, tele-EDSS and
standardized EDSS scores were within 1 point, which was
similar to reported in-person interrater differences [26•].
Another study showed good agreement between remote and
face-to-face evaluators when obtaining disability scores; how-
ever, the remote evaluation required an in-person examiner
available to guide the patient [9, 27•, 28]. A third study
showed modest agreement between conventional and tele-
medicine formats for EDSS score ≤ 4.0 and good agreement
for EDSS scores ≥ 4.5 [9]. Other investigators have proposed
using more non-conventional forms of data such as those from
biosensors to substitute for the EDSS score [12••, 29•]. For
example, authors have found that lower step counts measured
by an accelerometer correlated with higher EDSS disability
score and captured variability in walking masked by standard
disability scales [12••, 27•, 30].

While remote disability assessments studied prior to the
COVID-19 pandemic suggest that telemedicine may be used
as part of follow-up assessments for MS clinical care and
research, the additional requirements such as the in-home
neuro kit, assistant examiners, and biosensory data integration
have imposed challenges for the immediate implementation of
remote EDSS evaluations during the pandemic [26•, 29•]. A
different approach to disability assessment has focused on
patient-reported outcome measures (PROMs) that would be
exclusively reported online. One example of PROM is the
Patient Determined Disease Steps (PDDS) available online
[29•]. The PDDS has been found to strongly correlate to
EDSS scores and has been validated in multiple languages
[29•, 31].

Investigators in other specialties are also searching for
ways to facilitate ongoing research during the COVID-19
pandemic [32, 33]. Remote measures of upper limb function
and ambulation have been associated with functional recovery
following rehabilitation in stroke care; remotemonitoringmay
help to predict falls in patients with Parkinson’s disease [33].
Researchers in geriatrics have continued studies during the
pandemic by offering electronic consents, implementing re-
mote assessments by using alternative tools and scales that can
be administered by phone or virtual visits, and proactively
partnering with the institutional IRBs to develop language to
easily report such minor protocol deviations [32].

Technologic Devices for MS Telehealth

As a supplement to the synchronous video visits, numerous
other technological tools have emerged over the past two de-
cades that have become relevant to the management of MS.
Wearable devices include biosensors that convert biological
signal into electrical signal and allow easy accessibility with
potential for asynchronous remote monitoring. The most com-
mon biosensors are accelerometers and gyroscopes.

Page 3 of 7     14Curr Neurol Neurosci Rep (2021) 21: 14



Accelerometers are worn on a patient’s hip, arm, or thigh
and can measure steps and activity patterns that include time
spent in different intensity of activities. Many commercial
devices such as smart phones and smart watches have incor-
porated accelerometers. Tracking the daily step count in a
person with MS has been shown to reliably measure free-
living walking behavior [34, 35]. In MS patients with EDSS
between 0.0 and 6.5, moderate to good correlations have been
shown between daily step count and EDSS [34, 36]. Lower
step counts may also capture variability in walking masked by
standard disability scales [12••, 27•, 30].

Gyroscopes measure angular velocity and record orienta-
tion, changes in posture, and the acceleration and angle of
force for movements, allowing a more objective measurement
of patients’ stability and balance. Studies have shown good-
to-excellent reliability of gyroscope measurements during
Time Up and Go tests for people with MS [36]. Gyroscopes
may also help distinguish gait patterns and tremors associated
with the severity of disease and have been used to detect subtle
differences in the 6-min walk test and the Timed Up and Go
tests [36].

New composite disability metrics such as the self-
administered Multiple Sclerosis Performance Test (MSPT)
now include gyroscope and accelerometer data. The MSPT
was developed to be used on the iPad computer platform to
resemble the Multiple Sclerosis Functional Composite. The
MSPT includes four neuroperformance subtests: Contrast sen-
sitivity test (CST) to assess vision, manual dexterity test
(MDT) to assess upper extremity motor function, walking
speed test (WST) to assess lower extremity motor function,
and processing speed test (PST) to assess processing speed
and cognition. A study found that the CST, MDT, and WST
were reliable, valid, and sensitive measures of MS outcomes
in 30 MS patients and 30 healthy controls [37]. An earlier
study compared the PST with the Symbol Digit Modalities
Test (SDMT) and found the PST had excellent test-retest re-
liability, was highly correlated with the SDMT, and was
slightly more sensitive than the SDMT in differentiating pa-
tients with MS from healthy controls [38].

Other biosensors, such as force sensors and eye trackers,
have also been studied in people with MS. Grip force sensors
measure grip, load force, and movement speed during simple
tasks and may provide an objective measure of upper extrem-
ity motor function. Studies have shown that increased peak
grip force and longer time lag before peak grip force correlate
with EDSS scores in MS patients with mild disability [36].
Eye trackers use near-infrared light to capture the cornea and
pupil and detect subtle efferent vision abnormalities, including
diplopia, oscillopsia, and fixation abnormalities that may not
be easily detectable on the standard neurologic exam but may
impair the ability to read or lead to dizziness and falls [36].
Biosensors designed to evaluate autonomic dysfunction in-
clude sensors measuring heart rate, core temperature, and

other vital signs; however, these sensors still require further
investigations before they could be incorporated into standard
assessments for disability in people with MS [39].

Wearable devices and biosensors continue to evolve as an
asynchronous form of telehealth. Although these technologies
have been more useful in the research arena in recent years,
they may become increasing incorporated into clinical appli-
cations due to the social distancing demands of the COVID-19
pandemic.

Challenges of Telehealth

While synchronous telehealth visits offer numerous benefits
such as reduced missed workdays, cost, travel, and exposure
to COVID-19, several major challenges remain.

One limitation of synchronous telehealth is the challenge of
performing a complete neurologic exam. Although the AAN
and CNS have released formal guidelines for remote neuro-
logic exams as described in earlier sections of this article, there
is still no reliable way for the remote neurologist to evaluate
tone, sensation, reflexes, and fundoscopy via telehealth [7].
This limitation poses a concern for potential misdiagnosis
and mismanagement. For example, an abnormal neurologic
exam in the setting of a non-concerning history would prompt
neurologists to obtain neuroimaging; similarly, the inability to
perform a full neurologic exam may theoretically lead to the
overuse of and over-dependence on neuroimaging and other
diagnostic tests instead of relying at least partially on the neu-
rologic exam to provide reassurance. A randomized study of
non-acute headache patients found no difference between
telehealth and traditional consultations in long-term treatment
efficacy over a 12-month period as measured by change in the
Headache Impact Test-6 and pain intensity [40]. Importantly,
the presence of secondary headache within 12 months after
consultation was assessed as the primary safety endpoint. One
secondary headache was identified in the 200 patients ran-
domized to telehealth, and the number of telehealth consulta-
tions needed to miss one secondary headache was 20,200
[40]. Overall, however, research in this arena has been limited,
but the pandemic will likely provide the opportunity for more
objective evaluations of the diagnostic accuracy of telehealth.

Within MS care, several opportunities exist to capitalize on
the unique benefits of telehealth for clinical care while
avoiding some of its current limitations. Following the initial
diagnosis and evaluation of anMS patient, a dedicated follow-
up visit is usually necessary to discuss disease-modifying
treatment (DMT) options and for symptom management.
Similarly, follow-up visits to review the results of crucial di-
agnostic evaluations such as neuroimaging or lumbar punc-
tures are often planned to offer physicians ample time to ad-
dress patients’ questions and concerns. During these discus-
sions, a full neurologic exam is usually not essential unless the
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patient has new concerns. Telehealth visits offer families ease
and flexibility while avoiding the potential risks of misdiag-
nosis and mismanagement.

Another limitation of telehealth in its current form is the
equity of access. A study examining telehealth and outpatient
subspecialty visits amongst pediatric Medicaid patients in
2014 found that although children in rural communities were
more likely to use telehealth, early telemedicine policies and
implementation did not close disparities in rates of subspecial-
ty visits by geographic and sociodemographic characteristics
and may actually exacerbate or perpetuate disparities for ur-
ban and minority patients [41]. Disparities to the access of
healthcare have been highlighted following the rapid expan-
sion of telehealth due to the COVID-19 pandemic [42, 43].
Primary care clinicians at UCSF compared a 2-week period
before telemedicine implementation to a 2-week period after
implementation, and the proportion of telehealth visits in-
creased from 3 to 80% of the total weekly visit; however,
the proportion of visits with population at risk for limited
digital access had decreased significantly [43]. Proportion of
visits with patients ≥ 65 years of age decreased from 41 to
35% (p = 0.002), of non-English language preference from 14
to 7% (p < 0.001), insured by Medicare from 43 to 22% (p <
0.001), and insured by Medicaid from 17 to 10% (p < 0.001)
[43]. Patients identifying as non-Hispanic White and other
showed increased proportion of visits, whereas all other
groups, including Black/African American, Latinx, and
Asian/Pacific Islander, represented a smaller proportion of
visits (p = 0.006) [43]. The authors of this study identified
several strategies to overcome barriers for telehealth access.
Training and teaching specific populations on how to use tools
for telemedicine have been shown to be effective, and UCSF
has recruited health community members such as research
coordinators and medical students to contact all patients ≥
65 years of age to guide them through setting up and
connecting to virtual platform applications [43]. Other inter-
ventions include creating video tutorials in different languages
on how to set up telehealth visits and offering telephone visits
if video visits are not possible [43]. Broadband internet access
is also an essential determinant in the use of telehealth [43,
44]. Expanding low-cost or free broadband Internet access and
ensuring pay parity for both telephone and video visits are
crucial to addressing the access barriers faced by many vul-
nerable patient groups [42, 43, 45].

Conclusion

The COVID-19 pandemic has provided us with a unique op-
portunity to experiment with telehealth and evaluate its bene-
fits and limitations for both synchronous forms—more useful
in clinical care—and asynchronous forms, which are more
applicable for research. Following the rapid expansion of

telehealth during the pandemic, it is highly likely that we will
continue to embrace the benefits of this valuable tool, espe-
cially given the chronic healthcare needs of people with mul-
tiple sclerosis and other neuroimmunologic disorders. Future
directions for improving telehealth should include more
evidence-based research on the diagnostic accuracy in
neuroimmunology, especially amongst the pediatric popula-
tion, as well as reducing disparities in the access to telehealth.
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