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Welcome! We will begin shortly. 
Save The Date! 

Wednesday, January 26, 2022, 3:00 PM ET
“Update 2022: COVID-19, Multisystem Inflammatory Syndrome in Children, and the Heart”

Jane W. Newburger, M.D., M.P.H. 
Associate Cardiologist-in-Chief for Academic Affairs, Department of Cardiology, Boston Children’s Hospital; 
Commonwealth Professor of Pediatrics, Harvard Medical School

Dongngan Truong, M.D., M.S. 
Associate Professor of Pediatrics, Division of Pediatric Cardiology, University of Utah and Primary Children’s 
Hospital

Introduction by Victoria Pemberton, R.N.C., M.S., C.C.R.C., Program Officer, NHLBI

https://www.childrenshospital.org/directory/physicians/n/jane-newburger
https://healthcare.utah.edu/fad/mddetail.php?physicianID=u0714490&name=dongngan-truong
mailto:prevention@nih.gov


“Does Transcranial Direct Current Stimulation Have a Role in 
the Management of Multiple Sclerosis Symptoms?”

Presented by
Leigh E. Charvet, Ph.D. 
Director of Multiple Sclerosis Research and Professor of Neurology, New York 
University Langone Health

Introduction by Jennifer N. Baumgartner, Ph.D., Health Scientist/American 
Association for the Advancement of Science (AAAS) Science and Technology 
Policy Fellow, NIH/Office of Disease Prevention
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Upcoming Q & A Session
Please send us your questions via the 

Q & A pod directed to All Panelists

You may use the Chat pod for general commentary or to 
request technical assistance
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Department of Neurology

DOES TRANSCRANIAL DIRECT CURRENT 
STIMULATION HAVE A ROLE IN THE MANAGEMENT 
OF MULTIPLE SCLEROSIS SYMPTOMS? 

Leigh Charvet PhD
Director of MS Research
Professor of Neurology



• Disclosures:

– Funding: 
• NIH 1R01NS112996-01A, R21NS101712-01
• US Department of Defense W81XWH-17-1-0320
• VA Healthcare GRANT13010404
• National MS Society RG-1803-30492

– Consultant: J&J/Janssen, YBrain, Springer Healthcare

– Equipment: Soterix Medical
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1. Why tDCS? The unmet need of MS symptom burden 

2. tDCS overview

3. Our approach with participation from home: Remotely Supervised (RS)-tDCS

4. RS-tDCS studies in MS
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MS is a chronic, progressive, and common CNS disease

• >1 million people in the U.S. alone

• 3:1 women to men

• Lifespan disease: typical age of onset in early adulthood (20 to 50 years)

• Progressive and without cure- but does not significantly alter life expectancy
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Progressive Symptom Burden
❖ Relapsing-remitting MS (RRMS) 

▪ 80-85% of new onset MS.

▪ Acute episodes of neural dysfunction followed by recovery to varying extents (no full recovery)

▪ Accumulated disability over time

▪ Frequency of relapses can be significantly reduced by disease-modifying treatments (DMTs)

❖ Secondary progressive MS (SPMS)

▪ Acute episodes are replaced with a slow steady increase in symptom severity.  

▪ Pattern usually changes after 5-25 years post-onset.

▪ Limited response to immunotherapy.

▪ High rates of disability

▪ High rates of cognitive involvement

❖ Primary progressive MS (PPMS)

▪ Less than 10% of patients.

▪ Slow steady deterioration without acute episodes.

▪ Limited response to immunotherapy.

▪ High rates of disability

▪ Usually greater involvement of spinal cord; cognition is relatively preserved
(Lublin et al., 2014; Di Filippo et al., 2018)11



MS Symptom Burden: Unmet Need
• MS results in cumulative CNS damage over 

time 

• Disease-modifying therapies (DMTs) slow 
disease activity…but do not directly target MS 
symptoms

• Increasing symptom burden over disease 
course…resulting in disability and reduced 
quality of life 

• Goal is for reliable and effective options for 
symptomatic management

Diverse and varying range of persisting symptoms

Cognitive 
Dysfunction

Motor 
Dysfunction

“Invisible 
Symptoms”

Fatigue

Distress/Depression
Pain
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Noninvasive Brain Stimulation

Liew et al., 2014 
Frontiers in Human Neuroscience14



(Hallett, 2000; Muller et al., 2000; Reis et al., 2009; Podda et al., 2016)

• tDCS applies weak currents (1.0 - 4.0 mA) via scalp electrodes placed to 
modulate brain regions of interest

• tDCS alters neuronal resting membrane potentials, increasing likelihood of 
depolarization or hyperpolarization (without inducing action potentials) 

• tDCS is known to induce mechanisms of synaptic plasticity (LTP, LTD), 
production of neurotrophic factors
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“Hype Cycle”
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Level I Evidence is Needed (PRISMA)
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Critical Need for Large RCTs

MS: 
Depression

Definitely Effective (Level A): Major Depressive Disorder
*Also very limited evidence to determine “Definitely Not Effective”
Probably Effective (Level B):
Pain (neuropathic, fibromyalgia, migraine, post-operative patient-controlled analgesia)
Chronic and subacute stroke motor rehabilitation
Epilepsy 
Schizophrenia (auditory hallucinations) 
Cerebellar Ataxia
Alcohol use disorder (craving/relapse) 
Parkinson’s Disease (motor and cognitive)
MS (gait)
Many potential uses remain “Possibly Effective (Level C)”
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Exponential growth in clinical studies…

…BUT clinical conclusions remain 
limited

 














































































Fregni et al., 2015

• Small sample sizes (n < 25) in most reports – many “proof-of-principle” trials

• Too few “doses” administered for optimal evaluation of behavioral effect
– Many trials reporting effect after only 1 session
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Dosing parameters must be defined and be consistent 
to reach Level A of evidence

Current intensity/ Current Polarity

Duration of Stimulation

Target Area 
Functional/Anatomical

Brain State 
Paired Activity drives in a specific way the 
stimulation

Number/Frequency of 
Stimulation Sessions
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Trials are challenged by number/frequency of sessions

Current intensity/ Current Polarity

Target A rea
Functional/Anatomical

Brain State 
Paired Activity drives in a specific way the 
stimulation

Number/Frequency of 
Stimulation Sessions

tDCS is cumulative: extended repeated 
application for adequate evaluation of 
behavioral effect

Duration of Stimulation
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Example: Many Trials - Limited Conclusions
RCTs of tDCS for Alcohol Use Disorder

Trial Sample Size #Sessions Stimulation Montage Tasks
(Y/N)+ Outcome

Boggio 2008 13 outpatient 1 2.0 mA, 20 min L&R DLPFC N Lowered AUQ

DaSilva 2013 13 outpatient 5 (1/wk) 2.0 mA, 20 min L DLPFC N Lowered OCDS

den Uyll 2015 41 inpatient 1 1.0 mA, 10 min L DLPFC Y Lowered AAAQ

den Uyll 2016 78 inpatient 3 1.0 mA, 15 min L DLPFC Y No sig. Effect, AAAQ

den Uyll 2017 91 inpatient 4 2.0 mA, 20 min L&R DLPFC Y No sig. Effect, PACS relapse

den Uyll 2018 83 inpatient 4 2.0 mA, 20 min L&R DLPFC Y No sig. Effect, PACS relapse

Holla 2020 15 inpatient 5 (5/w) 2.0 mA, 20 min L&R DLPFC N No sig. Effect, ACQ

Klauss 2014 33 outpatient 5 (5/w) 2.0 mA, 20 min L&R DLPFC N Lowered 6mo relapse

Klauss 2018 45 inpatient 10 (3/w) 2.0 mA, 20 min L&R DLPFC N No sig. effect, OCDS

Vanderhasselt 2020 45 community 1 2.0 mA, 20 min L&R DLPFC N Lowered drinking, No sig. effect 
AAAQ

Wietschorke 2016 30 inpatient 1 1.0 mA, 20 min L&R DLPFC N No sig. effect, VAS-craving

Claus 2019 79 community 4 (1/wk) 2.0 mA, 20-30 min R IFG Y No sig. effect

Witkiewitz 2019 84 community 8 (1/wk) 2.0 mA, 30 min R IFG Y No sig. effect
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At-Home Participation: 
Advantages for RCT Design Include:

• Faster recruitment of larger sample sizes
– Access for the participants who may benefit the most

• Extended number of tDCS sessions
– Adequate “dosing” to evaluate behavioral/clinical effect
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Research and clinical use needs to continue…
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Remote supervision allows for the 
extension of lab standards to the 
home:

• Monitoring for safety

• Precise dosing

• Reliable electrode placement

• Reproducible results

▪ Training research staff, participants/ 
caregivers

▪ Initial and ongoing assessment of 
participant’s capability operating tDCS 
equipment

▪ Supportive training procedures and 
materials

▪ Simple and fail-safe electrode preparation 
and positioning

▪ Strict dose control for each session



Solution for At-Home Research Trials: 
Remotely Supervised (RS) tDCS

• Extension to deliver tDCS sessions to patients at home maintaining clinical trial standards
• Live supervision via HIPAA-compliant videoconference at each treatment
• Standardized protocol with extensive stop criteria to ensure safety and uniformity

Minimal technical burden for patient:
• tDCS device: Pre-programmed, remotely operated
• Headset: Cap-like, snap sponge electrodes
• Computer/iPad: Remote video visit, digital therapy
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RS-tDCS Device Components:
Portable * Wearable * Easy to Use * Controlled Dosing

1

1x1 Mini-CT tDCS device

Pre-programmed devices 
Dose Control

• Single-use “unlock code” for 
predetermined “dose”

• Program session type (active or sham), 
stimulation time and dose

2

SNAPstrap Headgear

“Cap”-like placement for simple 
positioning 

Uniform electrode placement
• Markers for guidance in placement
• Clear electrode polarity labeling 

with fixed wiring

3

EASYpad Electrodes

Easy electrode preparation 
• Individually-packaged pre-

moistened sponges
• Perforated for easy opening
• Snap connectors
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RS-tDCS: Live Video Supervision
• Laptop computers/iPads

– Large screens
– Adaptive mouse (if needed)
– Background rating scales

• Connected in real-time

– VSee:
• HIPAA-compliant
• Cell-phone backup

• Remote control of computer

– TeamViewer
– Initiate videoconferencing
– Training activities, assessment

⮚ Minimum technical burden 

– Connect to Wi-Fi
– Open computer 
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 RS-tDCS Developed in Collaboration with People With MS:
Generalizable for Use Across Conditions

Diversity of MS can inform symptom management and rehabilitation 
across conditions:

▪ Demographically diverse – lifespan disorder
▪ Range of disability levels – minimal to severe
▪ Variability in symptoms=cognitive/motor/psychological
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At-Home Treatment:
Saves Time and Money, Reaching More Patients

For those with homes within NYC:

Average visit travel time 
1.28 hours

Average visit transportation cost 
$15.60 

Reaching MANY more 
people living with MS

For those with homes outside of 
NYC (NJ/CT/Long Island):

Average visit travel time 
3.5 hours
Average visit transportation cost 
$45.00
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RS-tDCS:
Safe, Tolerable, Feasible

Pilloni et al., under review

⮚ 6 sham-controlled RCTs and open label 
active trials 

⮚ n=308 participants (91% MS)
⮚ 6,779 sessions
• TOLERABLE:

• n=1/308 failed the tolerability test at study entry

• AEs rated on the VAS pain > 7 occurred in 27/6779 RS-
tDCS sessions

• 3/6779 (0.04%) sessions were aborted due to 
tolerability 

• No session-limiting AE resulted in study 
discontinuation 

• FEASIBLE: 

• Ages 18-78

• Minimal to Moderate/Severe Disability (EDSS 0-7.5)



COGNITIVE FUNCTIONING IN MS

• >75% of all people living with MS

• Typically “mild”, led by slowed information processing speed

• Typically progresses “slowly” over time to include new learning 

Deluca, Chiaravalloti & Sandroff, 2020
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Adaptive Cognitive Training Improves Cognitive Functioning in MS

• At-home, remotely monitored
• n=135 MS, mild-moderate cognitive impairment
• 60 hours x 12 weeks

– Posit BrainHQ vs. computer game control
• Rapid recruitment- 20 months enrollment
• High rates of completion: 

– n=130/135 completers
– 68% compliance with training
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Can we “boost” rehabilitation? 
Potential synergistic effect of tDCS and training

 




LTP, LTD synaptic plasticity

Production of neurotrophic factors

Neuronal gene expression

Bolognini et al., 2009; Nowak et al., 2010; Hsu 2012



RS-tDCS Paired with Cognitive Training 

 



 


   















































































Buschkuehl et al. 2014

Functional 
Targeting 
with tDCS

Seibt et al. 2016
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tDCS for Fatigue?

• Overwhelming sense of tiredness, lack of energy, feeling of exhaustion
– Distinct from weakness, depression, sleepiness
– 85% report fatigue among their most disabling problems

• 10-20% report it to be their worst symptom
• Interferes significantly with daily functioning

• Major unmet treatment need
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Dorsolateral Prefrontal Cortex: 
Target in Fatigue Circuit?

Author (Year) N Design #Sessions, Treatment Montage
Acler et al. (2013)73 32 (Post-polio) Sham vs. active 15 sessions x 1.5 mA motor cortex x 15 minutes
Ferrucci et al. (2014) 63 25 (MS) Sham-controlled, crossover 5 sessions x 1.5 mA motor cortex x 15 minutes
Saiote et al. (2014 )62 13 (MS) Sham-controlled, crossover 5 sessions x 1.0 mA DLPFC x 20 minutes
Tecchio et al. (2014)60 10 (MS) Sham-controlled, crossover 5 sessions x 1.5 mA sensorimotor cortex 15 minutes
Forogh et al. (2016)74 23 (Parkinson’s) Randomized sham vs. active 8 sessions x 0.6 A/m2A DLPFC x 20 minutes
Chalah et al. (2017)71 10 (MS) Sham-controlled, crossover 5 sessions x 2.0mA DLPFC or PPC x 20 minutes
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Pilot RCT: tDCS Significantly Reduces MS Fatigue

 






































 













  























lDLFPC, 20 
sessions x 
2.0 mA vs. 
sham
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tDCS for the Management of MS-Related Fatigue

Enrollment

• Randomized Active (n=60) or Sham (n=60) tDCS
• Baseline assessment fatigue and cognitive assessment

Intervention

• 30 x 20 min active or sham tx 6 weeks

• Left anodal DLPFC electrode placement 2.0 mA

• Sham= 3 (initial/middle/end) 60 second ramp up/down

• Simultaneous cognitive training (Posit Science BrainHQ)

Outcomes

• Change in fatigue (primary)
• Change in cognitive functioning (secondary)

National MS Society; NCT03838770

• Enrollment: 
– Total n=120 enrolled (22 months)
– Ages 20 to 68 years
– Minimal to moderate neurological impairment
– Fatigue at entry (FSS)

• Screened out for depression (BDI)
• Screened out for severe cognitive impairment (SDMT)

• Compliance with 30 session protocol:
– 92% of the participants completed >25 

sessions
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Preliminary RCT Results: Fatigue

• PROMIS Fatigue 

• Both active and sham group 
significantly improved from 
baseline to treatment end 

• No significant difference in 
active vs. sham change in 
fatigue
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Preliminary findings: 
Considerations for fatigue outcomes
• Differs from pilot findings

• Depression/distress mediating pilot findings of benefit?

• Role of cognitive training? 

• Stimulation in sham?

• Consistent with fatigue research to date:

– Medications not superior to placebo, with more AEs

– tDCS active vs. sham tolerability profile: 

• Implications for clinical use?

44



Preliminary RCT Results: Cognitive

• BICAMS: Brief International 
Cognitive Assessment in MS

• SDMT
• RAVLT
• BVMT-R

• Only active group significantly 
improved from baseline to 
treatment end

• Active significantly greater 
cognitive improvement vs. 
sham outcomes  
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Preliminary findings: 
Considerations for Cognitive Outcomes 
• Confirms pilot findings

• Benefit in sample not selected for cognitive impairment

– Majority of people with MS have some cognitive involvement

– Processing speed underlies cognitive functions

• 30 days x 20 min with tDCS – vs 60 day x 60 min without

– Potentiate benefits of cognitive training?
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In vivo assessment of tDCS-induced neuronal responses 
NIH R21NS101712-01 (Ge & Charvet)

Imaging Markers of tDCS Response: 
Cognitive and Symptom Outcomes

Pending Analyses:
n=31 MS 
n=32 Healthy Controls
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tDCS Functional Targeting for Motor Recovery?

Multiple factors contributing to lower and upper 
extremity dysfunction

“Boost” known benefits of aerobic physical 
activity in MS for functional mobility

Increase neural plasticity mechanisms in 
rehabilitative training

• Provoking changes at the functional and structural level of 
brain organization

• 2019

Sandroff  and Motl, 2018; Prosperini and Di Filippo, 2019 

Tomassini V, Matthews PM, Thompson AJ, et al. Neuroplasticity and functional 
recovery in multiple sclerosis. Nat Rev Neurol. 2012

Leocani L,  Chieffo  R, Gentile A,  Centonze D. Beyond rehabilitation in MS: 
Insights from non-invasive brain stimulation. Mult Scler. 2019;25(10):1363-1371. Adapted from El-Sayes et al. 2019
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Pilot: tDCS+Aerobic Exercise for Walking Impairments in MS: 
Randomized, double-blind, sham controlled, parallel arm pilot study

Giuseppina Pilloni, PhD
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Significant benefit with repeated sessions
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RCT to Follow Pilot Using RS-tDCS

• At-home aerobic exercise to improve gait and balance using RS-tDCS

• Structured program of aerobic exercise + tDCS

• Remote gait assessment
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A Pilot Trial of Remotely-Supervised Transcranial Direct Current Stimulation (RS-tDCS) 
to Enhance Motor Learning in Progressive MS
• Sample Size Enrollment:

– Total n=66 enrolled (30 months)
– Progressive MS
– Moderate to severe neurological 

impairment
– Manual dexterity impairment at entry 

(9HPT)

• Compliance for Extended 
Treatment: 
– 98% of the participants completed 

>18 sessions

Enrollment

• Randomized to Active vs. Sham tDCS
• Baseline UE assessment

Intervention

• 20 x 40 min x 4 weeks
• M1-SO x 20 min; Active= 2.0 mA
• Simultaneous UE exercises 
• 20 min. continued exercises 

Outcomes

• Pilot grip force device during tDCS (primary)
• UE motor functioning pre/post intervention 

(secondary)

US DoD; NCT03499314 
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Raghavan & Kapila

Primary Outcome:
Instrumented grip 
device
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Preliminary Results: 
Clinical Manual Dexterity Outcomes (secondary)

Manual dexterity 
improved in active vs. 
sham tDCS

 

9-HPT, MPUT

Change in 9-HPT performance:
By affected hand
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Goal: Level A Evidence to Guide Clinical Use in MS

• At-home tDCS is both possible and necessary to r each our participants

• RS-tDCS is a validated protocol to extend lab standards for tDCS RCTs

• A broad range of patients can participate in RS-tDCS

• RS-tDCS demonstrated advantages for Class I/II RCT design

– Recruiting adequate sample sizes 

– Faster rate of study completion 

• n=120 in 22 months, n=66 in 30 months- including during COVID-19

– Repeated daily sessions for evaluation of cumulative benefit and define parameters

– High fidelity to treatment

• 92% completion rate in 30 session protocol, 98% completion rate 20 session protocol
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Summary: Towards tDCS Telehealth in MS care
• People living with MS have many unmet treatment needs 
• tDCS- and other noninvasive brain stimulation therapies- offer much promise:

– Recovery of cognitive or motor functioning

– “Invisible symptoms”: Distress, Depression, Pain

• At-home tDCS is both possible and necessary to reach our MS participants
• RS-tDCS is feasible, safe and well-tolerated for most

• Highly accessible for enrolling a highly diverse range of patients 

• Allows for extended repeated sessions for optimal evaluation

• Preliminary RCT findings - tDCS may be used to “boost” cognitive and motor recovery

• More research is needed
– Including optimization of “dosing” and maintenance of benefit
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tDCS Team
Giuseppina Pilloni, PhD
Hyein Cho, PhD
Amy Vogel-Eyny, PhD
Matt Lustberg MA
Allan George MA
Pam Best
Ibraheem Mizra
Wenni Fan
Kazi Muztabir
Raisa Tahsin

Carrie Sammarco, NP
Robert Charlson, MD
Lauren Krupp, MD

https://med.nyu.edu/research/charvet-lab/
@NYUNeuromod
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