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Abstract

Background: Progressive cerebellar ataxia is a neurodegenerative disorder without effective treatment options that
seriously hinders quality of life. Previously, transcranial direct current stimulation (tDCS) has been demonstrated to benefit
cerebellar functions (including improved motor control, learning and emotional processing) in healthy individuals and
patients with neurological disorders. While tDCS is an emerging therapy, multiple daily sessions are needed for optimal
clinical benefit. This case study tests the symptomatic benefit of remotely supervised tDCS (RS-tDCS) for a patient with
cerebellar ataxia.

Methods: We report a case of a 71-year-old female patient with progressive cerebellar ataxia, who presented with
unsteady gait and balance impairment, treated with tDCS. tDCS was administered using our RS-tDCS protocol
and was completed daily in the patient’s home (Monday – Friday) with the help of a trained study technician.
tDCS was paired with 20 min of simultaneous cognitive training, followed by 20 min of physical exercises directed
by a physical therapist. Stimulation consisted of 20 min of 2.5 mA direct current targeting the cerebellum via an
anodal electrode and a cathodal electrode placed over the right shoulder. The patient completed baseline and
treatment end visits with neurological, cognitive, and motor (Lafayette Grooved Pegboard Test, 25 ft walk test
and Timed Up and Go Test) assessments.

Results: The patient successfully completed sixty tDCS sessions, 59 of which were administered remotely at the
patient’s home with the use of real time supervision as enabled by video conferencing. Mild improvement was
observed in the patient’s gait with a 7% improvement in walking speed, which she completed without a walking-aid at
treatment end, which was in stark contrast to her baseline assessment. Improvements were also achieved in manual
dexterity, with an increase in pegboard scores bilaterally compared to baseline.

Conclusions: Results from this case report suggest that consecutively administered tDCS treatments paired with
cognitive and physical exercise hold promise for improving balance, gait, and manual dexterity in patients with
progressive ataxia. Remotely supervised tDCS provides home access to enable the administration over an extended
period. Further controlled study in a large group of those with cerebellar ataxia is needed to replicate these findings.

Trial registration: ClinicalTrials.gov Identifier: NCT03049969. Registered 10 February 2017- Retrospectively registered.
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Background
Progressive cerebellar ataxias are the result of diverse
disease processes that can be genetic or acquired [1, 2].
Cerebellar ataxias are characterized clinically by oculo-
motor deficits, dysarthria, limb dysmetria, delay in move-
ment initiation, dyskinesia, and kinetic tremor [3]. Among
the wide spectrum of motor signs, ataxic gait is the most
relevant and it is characterized by unsteadiness, increased
step width, reduced step length, slow walking speed, vari-
able foot placement and irregular foot trajectories [1, 4].
Such unsteady movements and variable gait patterns may
be caused by deficits either in dynamic inter- and intra-
limb coordination or in balance control [1]. During the
clinical course of the disease, patients with cerebellar dys-
function may endure slowed reaction times, or limitations
in cognitive domains, such as attention, memory and flexi-
bility [5]. Taken together, the symptom burden can nega-
tively impact mood, productivity, and quality of life in
patients.
Currently, therapeutic approaches for cerebellar disorders

rely heavily on rehabilitation since there are no pharmaco-
logical evidence-based treatments [6], which has led to
interest in finding innovative techniques to improve clinical
symptoms in this wide spectrum of debilitating disorders
[6, 7]. Transcranial direct current stimulation (tDCS), a
non-invasive brain stimulation technique, has demon-
strated beneficial effects in modulating several cerebellar
skills, including motor control and learning and emotional
processing in both healthy patients as well as those with
neurological disorders [8, 9]. tDCS is presumed to increase
cortical excitability and is often administered simultan-
eously with another intervention to achieve clinical benefit
[10]. Based on this concept, tDCS is widely considered as a
complementary technique in conjunction with motor and/
or cognitive rehabilitation [11, 12].
Studies have highlighted the therapeutic potential of

cerebellar tDCS in modulating behavioral performance
and reducing motor and neurocognitive symptoms for
those with cerebellar ataxia [7, 8, 13–16]. Additionally,
other studies have shown patients with progressive cere-
bellar ataxia to attain positive clinical outcomes in upper
limb tremor, dysmetria, gait, postural control, and finger
dexterity after only one session of cerebellar tDCS [15,
17]. The effects of tDCS have been demonstrated to per-
sist beyond the acute stimulation period, and, additionally,
repeated and consecutive tDCS treatments have been
found to produce longer persisting changes in brain excit-
ability [17] and clinically relevant effects [10, 15]. After ten
tDCS sessions targeting the cerebellum and spine, a re-
duction in motor symptoms and improvement in quality
of life in patients with neurodegenerative ataxia was re-
ported [13]. Most recently cerebellar tDCS has been
shown to lead to improved outcomes in patients with clin-
ical ataxia in a two-week controlled trial [14]. Evidence

from these clinical studies that investigated the role of
tDCS in modulating the activity of the cerebellum in
ataxia disorders reported changes in walking patterns,
posture control, and motor learning [14, 18]. In sum, des-
pite few publications testing the effects of multiple cere-
bellar tDCS sessions in patients with cerebellar ataxia, all
have reported significant and lasting improvement in
ataxic symptoms and physiological cerebellar brain inhib-
ition pathways [13, 14, 17, 18].
As cumulative treatment sessions appear to lead to the

strongest clinical benefit, extended treatment is needed in
order to enhance the outcome of rehabilitation for indi-
viduals with cerebellar ataxia. Unfortunately, real-world
obstacles have prevented completion of extended treat-
ment schedules in clinical trials as the burden of time and
travel on the patient to receive daily sessions in the clinic
is great. As a solution, we have developed and extensively
validated a remotely supervised or RS-tDCS protocol for
patients to self-administer tDCS in their homes while be-
ing monitored in real-time via video conferencing [11,
19–28]. This provides strict clinical supervision while en-
abling study protocols with a greater number of stimula-
tion sessions than previously reported [11, 21, 29].
Here we report a case of real-world clinical tDCS appli-

cation, where a patient with cerebellar ataxia completed
extended tDCS treatments from home. Following previous
studies demonstrating the beneficial effects of tDCS for
those with cerebellar ataxia, the purpose of this study was
to document and assess how an extended schedule of daily
tDCS sessions targeting the cerebellar pathway would im-
prove the symptoms of progressive cerebellar ataxia.

Case report
The patient was a 71-year-old female with a history of
progressive cerebellar ataxia. She first experienced the
onset of her current illness nine years ago, when she
developed unsteady gait with difficulty performing a
tandem walk.
She was initially treated for suspected inner ear prob-

lems, but approximately two years ago, magnetic reson-
ance imaging (MRI) revealed cerebellar atrophy, which
has led to her current diagnosis. Neuro-ophthalmologic
evaluation indicated ophthalmoplegia, requiring her to
wear prisms lenses to assist with reading.
To date, her symptoms have gradually progressed with

notable worsening over the past year, and include balance
disorder, increased risk of falling, reduced manual dexter-
ity, fatigue, and episodes of speech slurring. She uses a
cane for ambulation with difficulty turning and moving
between a standing to seated position. She tried several
pharmacological treatments over the years without any
lasting clinical benefits. She completes daily-prescribed
physical rehabilitation training exercises at home.
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Methods
Multiple sessions of consecutively delivered tDCS are
described as having a greater potential for efficacy than
treatments that are infrequent or are temporally distant
[11, 21, 25]. To enable remote delivery of an extended
tDCS treatment schedule to this patient, she was en-
rolled in an open-label exploratory tDCS protocol. The
patient provided written informed consent to receive
this remotely supervised tDCS treatment. All study pro-
cedures were approved by the NYU Langone Health In-
stitutional Review Board.
The procedure for training and at home self-administration

followed the RS-tDCS protocol [19, 20, 22–26]. At the
baseline visit, after training with a technician, tolerability
and capacity for self-administration were determined and
the participant completed her first tDCS session in
clinic as part of training procedures. This session was
followed by 59 remotely supervised sessions using a
HIPAA compliant video conferencing platform. tDCS ses-
sions were completed daily, in the morning, 5 days a week
for eight weeks. After the 40th session, the participant
took a two-week break before completing another 20
sessions.
tDCS was delivered utilizing a Soterix Medical

mini-CT device that operates by a single use “unlock”
code, provided to the participant in advance of each
daily session after meeting safety clearance and head-
set placement. Each session consisted of 20 min, 2.5
mA continuous direct current, applied by
saline-soaked surface sponges (surface 25 cm2) at-
tached to a customized headstrap with electrodes tar-
geting the cerebellar region. The anodal electrode was
placed on the median line over the cerebellum, while
the cathodal electrode was placed on the right shoul-
der (Fig. 1) [30]. The theoretical distribution of the
electric field intensity in the cerebellar electrode mon-
tage is shown in Figs. 2 and 3 [31].
Per the RS-tDCS protocol [11, 19, 21, 22, 25–27, 32],

computer-based cognitive training exercises targeting
processing speed, attention and working memory were
performed simultaneously with the stimulation [33]. The
cognitive training consisted of a pre-selected assortment
of computerized cognitive games based on five trad-
itional tasks: n-back, auditory and visual span, simple
arithmetic, and match-to-sample. Immediately after each
session, the participant completed 20min of physical ex-
ercise as prescribed by her physical therapist for improv-
ing postural stability, reinforcing physical endurance and
core strengthening [34]. It was a standard routine re-
peated each day for practice (Table 1).
The protocol included a baseline visit consisting of a

neurological assessment, cognitive testing, and adminis-
tration of motor tests. Motor assessments were repeated
after both the 40th and 60th sessions, and cognitive and

neurological assessments were conducted again after the
60th session during her follow up visit.

Evaluation procedures
Motor assessment
Fine motor function was measured with the Lafayette
Grooved Pegboard Test [35], administered separately for
each hand to evaluate manual dexterity and upper limb
coordination. The pegboard has 25 grooved holes ar-
ranged in rows of five; the shape of each hole is identical,
but the orientation varies so that subject must rotate the
peg to match the hole before it can be inserted. The pa-
tient was instructed to put 25 pegs in the holes in a fixed
order from side to side and from top to bottom, as quickly
as possible. The recorded score was the total time in sec-
onds to complete a trial, for each separate hand (dominant
and non-dominant). Adjusted age-normative z scores
were computed for both hands [36].
Gait was assessed with the 25 ft walking test (25FWT),

defined as the time needed to walk 25 ft, as quickly as pos-
sible but safely, with the assistance of any walking-aid if
needed.
The Timed Up and Go Test (TUG) was used to assess

functional mobility. The TUG test measures the patient’s
ability to stand up from a chair with armrests, walk 3 m,
turn, walk back and sit down. Assistance is not permit-
ted, but a walking-aid is allowed. The time needed to
perform this task is the TUG test score.
All motor assessments used in this case study have

been shown to be reliable and accurate and are com-
monly used to assess motor functions in neurological
disease.

Clinical assessment
The participant completed self-reported question-
naires measuring fatigue, the Fatigue Severity Scale
(FSS) [37], and Patient-Reported Outcomes Measure-
ment Information System (PROMIS) – Fatigue [38]. The
FSS consists of nine items assessing frequency and se-
verity of fatigue in the last past week, with higher scores
indicative of more severe fatigue. The PROMIS- Fatigue
assesses the impact and experience of fatigue during the
past week. Item responses are rated on a five-point scale
ranging from “never” to “always”. Higher scores are indi-
cative of more fatigue.
Mood and affect were measured by the Positive and

Negative Affect Schedule (PANAS) [39] and the PROMIS-
Positive Affect (PA) scale. Positive affect reflects the extent
to which a person feels enthusiastic, active and alert, while
negative affect is a general dimension of subjective distress
and unpleasant engagement. The PANAS is a twenty-item
measure reflecting the extent of positive and negative
affect felt over the past week. Item responses are rated on
a five-point scale, with the total score separated into both
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a positive and negative affect score, ranging from 10 to 50,
where higher scores representing higher levels of positive/
negative affect. The PROMIS-PA scale is a nine-item
measure reflecting the extent to which a person feels
enthusiastic, active and alert. Item responses are rated on
a five-point scale from “never” to “always”. Information
about daytime sleepiness, pain and tDCS tolerability were
recorded for each stimulation session as well.

Results
Following RS-tDCS protocol guidelines [11, 21–23, 25–
27], the patient demonstrated competence and aptitude to

complete her treatments at home and learned how to
self-administer treatment at the first treatment session.
Including the initial in-clinic tDCS session, the training
procedures took approximately one hour at the baseline
treatment session to complete. Then, using the remote
supervision procedures with video conferencing, she suc-
cessfully completed the following 59 sessions from her
home. Treatment was well-tolerated, and she did not re-
port any treatment-limiting adverse events related to the
tDCS treatment.
Mild to moderate improvement was observed across

multiple domains for this patient following treatment

Fig. 1 Example of the RS-tDCS kit and the electrodes preparation and positioning: tDCS headstrap for electrode cerebellar montage with the
anode aligned with the median line over the cerebellum and the cathode over the right shoulder; stimulation device; single-use pre-saturated
electrodes; laptop. a and b showed the positioning of the headstrap and the checking of its correct placement by the study technician
connected via video conferencing. c and d showed the positioning of the cathode over the right shoulder and the releasing of the code to
unlock the stimulation device for starting the session

Fig. 2 Modelling of the electric field intensity of cerebellar electrode placement. Theoretical model of electric field distribution generates
using anodal electrode on the medial line over the whole cerebellum and cathodal electrode on the right shoulder at 2.5 mA. The
stimulation montage targeting the cerebellar region is tailored by generating the current flow using the HD-Explore software (Soterix
Medical, NY, USA)
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as compared with her baseline performance (see
Table 2). Interestingly, the patient was able to
complete the post-treatment motor assessments with-
out a walking-aid, whereas she relied on a cane to
stabilize herself at baseline. A mild improvement was
observed in the 25-FWT, with the patient completing
the test 7% faster. The patient improved on the TUG
Test, with a post-treatment completion time of 9.88 s
compared to 11.90 s at baseline. Noticeable improve-
ments were also achieved in manual dexterity, with
pegboard scores improving bilaterally from the base-
line assessment. The patient performed 18% faster
with the dominant hand, and 19% faster with the
non-dominant hand, with a reduction amount to 2.07
and 1.92 in the z-score for the dominant and
non-dominant hand, respectively.

The patient reported a reduction in perceived fatigue,
from 22 to 14 on the FSS and from 14 to 10 on the
PROMIS-Fatigue (See Table 3). At baseline, cognitive
functioning was intact across all measures without indica-
tion of clinical impairment. Findings from the clinical
measures repeated at the follow up visit did not indicate
any notable change in the areas assessed.

Discussion
This report describes the benefit and feasibility of an ex-
tended schedule of RS-tDCS paired with cognitive and
motor rehabilitation for a patient with cerebellar ataxia.
The patient had improvement in functional motor as-
pects, balance capacity, fatigue, and positive affect. Full
treatment compliance was observed on the part of the
patient.

Fig. 3 3-D Model showing the electric field intensity distribution of cerebellar electrode placement. 3-D theoretical model of electric field
distribution generates using anodal electrode over the cerebellum and cathodal electrode on the right shoulder at 2.5 mA. The current flow
distribution is generated using the HD-Explore software (Soterix Medical, NY, USA)

Table 1 Physical Exercise Program

Physical Domain Exercise Repetitions

Kinesthetic warm up • Side step
• Forward step
• Backward step
• Front and back cross-step

30 repetitions each leg

Core strengthening • Standing anterior-posterior weight shift
• Rise from chair with arms crossed

20 repetitions

Static and dynamic balance • Standing position with legs apart and arms crossed
• Standing position with feet together

10 repetitions open/close eyes x 30s

• Standing position up on toe
• Standing position up on heels

10 repetitions open eyes x 30s

• Turning in circle 3 repetitions in both directions
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We have now demonstrated the feasibility of our
RS-tDCS protocol to deliver at-home tDCS under clinical
supervision in participants with a range of neurologic
disabilities. We have established methods and com-
pleted preliminary trials in participants with MS [11,
21–23, 27], and, more recently, in Parkinson’s disease
[25, 26]. Across these studies, participants of all ages (18
to 75 years) and levels of disability (including those
wheelchair- and/or caregiver-dependent) have been suc-
cessful in receiving tDCS at home. The RS-tDCS proto-
col maintains the standards of clinic administration,
while allowing for the extended protocols that we believe
are necessary to have optimal and continued benefit.
This case study provides preliminary support for the use
of the RS-tDCS protocol for the clinical population of
cerebellar ataxia.
Furthermore, this case study supports the clinical role of

tDCS and cognitive and motor rehabilitation to improve
balance and ambulatory abilities for individuals with cerebel-
lar ataxia, as shown by improved performance on the
25-FW and TUG test from baseline to follow up visit fol-
lowing treatment. The patient was dependent on her walk-
ing aid at the first assessment, but was able to complete the
motor measures independently after treatment. Interestingly,
consistent with previous reports of extended treatment [12,
13], she experienced a cumulative benefit across the sixty
tDCS sessions. The patient also reported experiencing direct
benefit, noticing a longer endurance for standing in general

and a direct improvement in static upright posture and base
of support.
Regarding the movement of upper limbs, we observed

a large improvement in fine manual dexterity, as shown
by a reduction in time performing the pegboard test, bi-
laterally. Subjectively, the participant reported that she
experienced an enhancement of movement quality from
about the first thirty sessions onward. She also reported,
in particular, an improvement in manual activities and in
attending daily activities that required a deal of standing
and walking.
Consistent with the results of previous studies in mul-

tiple sclerosis (using a different montage) [40, 41], tDCS
was effective in improving perceived fatigue, as evi-
denced by change in fatigue scores. This is consistent
with the patient’s own improvement in self-reported
fatigue.
Recent studies have investigated the potential of tDCS

of the cerebellum in regulating synaptic plasticity in motor
cortical networks, also providing evidence that the cere-
bellum contributes to the learning processes underlying
motor adaptation both in healthy and degenerative cere-
bellar diseases. Further support for the potential thera-
peutic efficacy of cerebellar tDCS strategies in the
neurorehabilitation of ataxic gait has recently been pro-
vided by evidence that anodal tDCS applied over the cere-
bellum can induce significant clinical improvement in
patients with neurodegenerative ataxia, also providing evi-
dence that long-term gain can be made with a protocol in-
volving multiple stimulation sessions [9]. The results of
this case study are in part supported by the interesting
therapeutic effect observed by Benussi and colleagues that
reported significant clinical motor improvement in ataxic
patients [14, 15].
In their first double-blind, randomized, sham-controlled

study, Benussi and colleagues [15] showed functional but
temporary improvement in gait and hand dexterity in
patients with ataxia after a single session of cerebellar
tDCS. Additionally, in their more recent study involving
10 sessions over two weeks, they report evidence of
long-lasting motor effects in an 8-m walking test and in
the 9-hole peg test [13, 14]. Evidence further supporting
the observed clinical improvement is related to an in-
crease in excitability of the cerebellar motor-cortex, as
demonstrated by an increase of the cerebellar brain inhib-
ition [13, 14]. Some authors showed also that one session
of anodal tDCS applied to the right cerebellar hemisphere
reduced postural tremor and amplitude of the oscillation
in ataxia, with slight improvement in dysmetria [17, 18].
The improvements, achieved by means of tDCS, may

reflect more effective cerebellar control over motor
function, supporting the current hypotheses that anodal
cerebellar tDCS restores the inhibitory effect exerted by
Purkinje neurons upon cerebellar nuclei, promoting

Table 2 Motor assessment main parameters

Motor Assessment

Motor Functioning Measure Baseline 40th 60th

T25-FW [s] 6.96 ± 0.13a 7.37 ± 0.12 6.48 ± 0.07

TUG [s] 11.90 ± 0.52a 9.88 ± 0.06 12.35 ± 0.19

PEGS [s] Dominant 205.00 172.00 168.14

Non- Dominant 260.00 181.00 209.95

PEG z-score Dominant −6.54 −4.77 − 4.57

Non- Dominant −6.57 −3.55 −4.65

The symbol a indicate the use of walking aid (cane) for the performance of
the test

Table 3 Clinical assessment main parameters

Clinical Assessment

Clinical Measures Baseline 60th

FSS 22 14

PROMIS - Fatigue 14 10

PROMIS – Positive Affect 43 45

PANAS - SF Positive Affect 38 44

PANAS – SF Negative Affect 10 10

The scores reported in bold means an improvement at 60th session
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appropriate patterns of nuclear discharge [16]. This
inhibitory effect of cerebellar nuclei would improve
motor aspects. In our patient, cerebellar tDCS
reduced unsteadiness of the walking and finger
dexterity.
Results from this case report suggest that multiple

RS-tDCS sessions are promising for improving bal-
ance, gait and manual dexterity in patients with pro-
gressive ataxia. Better functional gains in walking and
finger dexterity, however, may be achieved with the
simultaneous practice of tDCS and physical exercise.
This suggests that, in addition to intensity, targeting
the area of the cerebellum and number of sessions
performed are critical factors in determining out-
comes [30]. Findings from this case report suggest
that offline effects (post-stimulation) of tDCS are ef-
fective in enhancing the outcome of physical proto-
cols performed after the stimulation session. Targeted
studies are needed to define various issues concerning
the application of tDCS for therapeutic purposes in
cerebellar ataxia, e.g. which areas are the most benefi-
cial for stimulation, when patients should perform
physical exercise, and even which clinical features
should be considered in individual patients, to guide
the choice of the best stimulation parameters.
There are several limitations to this case study. As the

treatment was open-label, there is no way to determine
the role of any potential for a placebo effect in the ob-
served benefits of the treatment. Additionally, this study
lacked specific measures to assess the ataxic symptoms
of our participant, and specifically, the Scale for Assess-
ment and Rating of Ataxia (SARA) [42], thereby limiting
the interpretability of this case study’s results. Following
the standard RS-tDCS protocol, computer-based cognitive
training games were completed during the stimulation
period. In addition to potential cognitive remediation, this
serves the purpose of having a uniform activity across all
sessions (and, in larger studies, across participants), and
also has the participant remain seated and observable
by the supervising study team member. However,
greater clinical benefit may have been achieved if the
active stimulation period was paired with physical re-
habilitation or exercise, which may produce stronger
clinical effects. Finally, the generalizability of case stud-
ies can be limited, especially considering our study,
which worked with a single patient.
While these findings are promising for the extended ad-

ministration of RS-tDCS and the treatment of motor
symptoms and fatigue in cerebellar ataxia, larger and con-
trolled trials are needed to guide clinical use.

Conclusion
The case study supports feasibility of the remotely su-
pervised tDCS protocol for use with ataxic populations.

Since there is currently no approved therapy to treat
cerebellar motor dysfunction, based on the results of this
case study, multiple tDCS treatments targeting the cere-
bellum should be considered a promising neurorehabil-
itation tool for improving motor symptoms in patients
with cerebellar ataxia.
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