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Stroke Recovery 

Use the Brain Plasticity to Recover the Brain 
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Mild Stroke 
Increase dose of 

rehabilitation therapy. 

reduce time to full recovery 

Moderate stroke, 

still has neural 

substrate 

Severe stroke,

Minimal or no neural 

substrate  

Live Normal 

Live near normal 

Find a different way 

to live 

Brain Stimulation + intensive therapy 

Cell based therapy, exoskeleton and 

brain computer interface

Electrical

Ultrasonic

Magnetic

Light  
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Brain Stimulation for Stroke Recovery 



Interhemispheric Inhibition 

& Modality of Brain Stimulation



Dosage

Montage

Blinding

Time of intervention

Patient selection 

Outcome measure(s)

Peripheral Rehab Therapy

power issue in small study
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Derived Stimulation Parameters

– Current (mA)

– Current Density (A/m2) = 

Current ÷ pad Size

– Charge (C) = Current × Duration

– Charge Density (C/m2) = 

Current Density × Duration

– Total Charge (C) = Charge × Sessions

– Total Charge Density (C/m2) = 

Charge Density × Sessions

Described Stimulation Parameters

– Current (mA) [1-2mA]

– Pad Size (cm2)  [3*5; 5*5; 5*7]

– Duration (min)   [10 -40]

– Number of Sessions [5-30]
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Define Dosage FIRST
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V/m

Electric Field Spherical Model

10 mA

Spheres-tDCS Modeling Interface; http://neuralengr.com/spheres/ 

Human (8cm radius)

0.1mA
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The crude estimate of 

generated electric field with 4 

mA bitemporal tDCS at the level 

of subthalamic nuclei was 0.19-

0.26 mV/mm
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Pre-specified major responses or 

stopping rules:
• Second degree scalp burn at the site of 

electrode pad; or

• Clinical Seizure; or

• New lesion(s) on DWI sequence of MRI 

scan and the lesion(s) not explained by any 

other cause(s) or decreased ADC under the 

electrode pad; or

• Patient discontinues from the study due to 

any reasons above. 



“The results of this study are 

important, because they deliver 

first evidence about the safety 

profile and tolerability of tDCS

intensity relevantly higher than  

that used thus far in most 

clinical trials. Studies of this 

type are required to extend the 

parameter space for optimized 

clinical studies.”



In support of the estimated voltage gradients from the cadaver experiments

and the ‘minimum’ fields (~1 mV/mm) in rodents to affect network activity, we

found that >4.5 mA currents were required to reliably bias the amplitude of

occipital alpha waves.



Dosage 

Montage

Blinding issue

Patient selection 

Outcome measure(s)

Peripheral Rehab Therapy

power issue in small study
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• Meta-analysis suggests there is a 

dose-response relationship between 

current density and motor impairment 

reduction 

• High current level up to 4mA is likely 

safe and tolerable in ischemic stroke 

patients

• Direct current can penetrate inside of 

human brain and can be detected. 

• Majority of prior tDCS studies are 

small sample and likely all under 

powered



Bihemispheric Montage is likely Better
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Selection of Rehabilitation Therapy
Mean difference = ( tDCS + RT) – (sham stimulation + RT)
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Key Features of 

Constraint-Induced 

Movement Therapy 

(CIMT)

Effective

Standardized 

Quantifiable

Available



Timing of Intervention
critical period after stroke

Acute phase

Challenging medical issues

Lack of validated patient 

selection tool

Robust natural stroke 

recovery

Chronic phase

Stable deficit

Easy to detect treatment effect

Few confounders

Odds of success is a little 

higher

We choose the subacute phase: 1-6 months from the stroke

Now CPASS study support this subacute phase is likely the 

critical period after stroke 



Patient Selection
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• >10° of active wrist extension, >10° of thumb 

abduction/extension, and > 10° of extension in at least 2 

additional digits; and

• Unilateral limb weakness with a Fugl-Meyer Upper Extremity 

score of ≤ 54 (out of 66) to avoid ceiling effects; and

• An absolute difference of FM-UE scores between the two 

baseline assessments that is ≤ 2 points indicating stable 

motor impairment; if subject is not stable, then he/she will 

be invited for a reassessment after 1-2 weeks (but no more 

than 3 reassessments); and



Blinding & Randomization
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• Centrally controlled 

automated randomization 

process

• Participant, therapist, PI 

and tDCS technician are 

all blinded. 

• Therapist is not allowed to 

do tDCS and outcome 

assessment to minimize 

bias 



Choices of Outcomes

• Primary Outcome
– Fugl-Meyer Upper Extremity scale:  

Motor Impairment

• Secondary Outcomes

– Wolf Motor Function Test: Motor Function

– Stroke Impact Scale (Hand Subscale): Quality of 

Life

– Secondary outcomes should have the same trend 

or consistent with the primary outcome

• Good psychometric property: reliability, validity 

and responsiveness
21



TRANSPORT2 Study Design
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Primary Aim: To determine whether there is an initial overall 
treatment effect (FM-UE) among 3 dosing groups: (sham + 
mCIMT vs. 2 mA + mCIMT vs. 4 mA + mCIMT)
– Efficacy (FM-UE change) is measured at day 15 after the initiation of 

the 10-day intervention.

Secondary Aims: To confirm that the proposed intervention is 
safe, tolerable, and feasible to administer in a multi-site trial 
setting.

Safety: Rate of Adverse Events

Tolerability: Visual Analog Scale

Feasibility: Treatment Completion Rate
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Exploratory Aims

To examine whether wCST-LL

(structural assessment of integrity of

descending motor tract) or MEPs

(functional assessment of integrity

of descending motor tract) or

combination of both are correlated

with changes in FM-UE scale, and

evaluate the utility of these measures

as biomarkers for subject selection

criteria in the future confirmatory Phase

III study

To examine whether functional or

structural changes in motor tracts

correlates with changes in impairment

and functional motor activity induced by

the intervention.
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Go or No-Go Decision for Phase II >> Phase III 



Eligibility

Inclusion

1) 18-80 years old; and

2) First-ever unihemispheric ischemic stroke 

radiologically verified and occurred within the past 

30-180 days; and

3) >10° of active wrist extension, >10° of thumb 

abduction/extension, and > 10° of extension in at 

least 2 additional digits; and

4) Unilateral limb weakness with a Fugl-Meyer 

Upper Extremity score of ≤ 54 (out of 66) to avoid 

ceiling effects; and

5) An absolute difference of FM-UE scores between 

the two baseline assessments that is ≤ 2 points 

indicating stable motor impairment; if subject is not 

stable, then he/she will be invited for a 

reassessment after 1-2 weeks (but no more than 3 

reassessments); and

6) Pre-stroke mRS ≤2; and

7) Signed informed consent by the subject or 

Legally Authorized Representative (LAR)

Exclusion
1) Primary intracerebral hematoma, subarachnoid 

hemorrhage or bi-hemispheric or bilateral brainstem 

ischemic strokes; 

......

5) Moderate to severe cognitive impairment defined as 

Montreal Cognitive Assessment (MOCA) score < 18/30;

....

8) Presence of any MRI/tDCS/TMS risk factors including 

but not limited to: 

• 8a) an electrically, magnetically or mechanically 

activated metallic or nonmetallic implant including 

cardiac pacemaker, intracerebral vascular clips or 

any other electrically sensitive support system; 

• 8b) a non-fixed metallic part in any part of the body, 

including a previous metallic injury to eye; 

• 8c) pregnancy (effects of MRI, TMS, and tDCS on 

the fetus are unknown); 

• 8d) history of seizure disorder or post-stroke 

seizure; 

• 8e) preexisting scalp lesion under the intended 

electrode placement or a bone defect or 

hemicraniectomy;

.......

11) Has received Botulinum toxin injection to the affected 

upper extremity in the past 3 months prior to 

randomization or expectation that Botulinum will be given 

to the Upper Extremity prior to the completion of the last 

follow-up visit;

13) Doesn’t speak sufficient English to comply with study 

procedures;

14) Expectation that subject cannot comply with study 

procedures and visits.



TRANSPORT2 MAJOR TIME LINES
– First presentation with recovery working group (03/10/16)

– Budget approval by NIH Executive Scientific Committee 
(07/25/16)

– First grant submission (10/05/16)

– Study section meeting (04/18/2017, delayed from 02/25/17) 
Impact score:  51

– Revised submission (07/10/2017)

– Study section meeting  (11/02/2017) Impact score: 29

– NINDs advisory council met and approved  (02/01/2018)

– Transport2 weekly meeting started (03/14/2018)

– NOA released (08/15/2018 and start grant on 09/01/2018)

– cIRB approved (10/29/2018)

– First investigator meeting/training workshop (02/25-02/26/2019)

– Expected first participant enrollment (04/30/2019) but the first 
participant was enrolled in 09/01/2019

– Strokenet shutdown trial enrollment due to covid19 on 03/2020

– Strokenet resume trial enrollment on 08/2020

– Trial reach 50% enrollment on 03/2022 

Almost 2 years 



Duke University

Duke University

77/129

(60%)

N (%) MISSING VISITS 

OVER EXPECTED VISITS

15 Day Follow-Up 1/62 (1.6%)

45 Day Follow-Up 6/59 (10.2%)

105 Day Follow-Up 2/54 (3.7%)

1 patient suffered covid19, had to be discontinued 

from study (3 visits), 4 patients could not be 

Followed due to strokenet shut down for nearly 5 months 

(5 visits) and only 1 patients missed one visit.

With regard to the primary endpoint = 98.4%



Lessons Learned - Part I

Things are easy in one site may not be easy on multi-

center trial setting 

– Manual of operation has to be crystal clear

– List of frequently asked question is useful

The first enrollment is always tough
– Implement training protocol 

– Protocol warm-up site call on the Friday before the first enrollment 

You need to learn to compromise which can be not-easy 

for scientist

– Set up small meeting to reach overall consensus and get nod 

from the big meeting 

You need to be positive and find opportunity to 

recognize/praise your team

28



Lessons Learned – Part II

Sometimes you have to be hands-on certain things

– We provide detailed information – nailed down on days to enroll 

or not to enroll during the holiday season

Build a fast respond team 

– Everyone has project manager’s and my cellphone number

Be a good listener to the study coordinators

– Monthly study coordinators only meeting to specifically hear their 

needs and concerns

Communication, communication, communication
– Weekly operation committee meeting

– Biweekly PIs and project managers meeting 

– Bimonthly site-wide call meeting 

– Monthly study coordinators only meeting 
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TRANSPORT2 ORGANIZATION

National 

Coordination 

Center (NCC)

National Data 

Management 

Center (NDMC)

TRANSPORT2 

Central Team

TRANSPORT2 Sites 

• Contracting

• Site initiation & 

Payment 

• Regulatory  

• Data management

• Site monitoring 

• Statistical Analysis 

• Protocol development

• MOP development & 

Training

• Imaging and TMS Data 

analysis

• Grant Management  

• Patient recruitment

• Study protocol 

execution 

• Data collection 

NINDS • Sponsor

• Grant management



CIMT core Outcome assessment 

core

tDCS core 

Imaging core TMS core Project manager

Assemble team and appoint the right person 



Standardization & Quality Control

TMS protocol

tDCS protocol

MRI protocol

Outcome assessment certification process

– Fugl-Meyer Upper Extremity scale 

Online certificate, one-day workshop, training subject 

with self & central assessment, central adjudication, 

recertification process  

– Wolf motor function test

– Stroke impact scale

Constraint-induced movement therapy protocol & 

certification process
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Team Engagement and Connection
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TRANSPORT2 Family Picture 
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Transcranial direct current 

stimulation 

Multi-center Phase II study 

Low intensity focused transcranial ultrasonic 

stimulation Phase I parameter 

optimization study 

Motor imagery driven Brain-

Computer Rehab system 

Phase I/IIa study 



Questions?
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feng@musc.edu

mailto:feng@musc.edu
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• Animal study suggest our dosing regimen is only 

about 1/100 of safety threshold dose in animal.

• Simulation data suggest there is likely under 

dosing issue in human tDCS study.

• Meta-analysis suggests there is a dose-response 

relationship between current density and motor 

impairment reduction 

• Direct current can penetrate inside of human 

brain in a cohort of patients with Parkinson 

disease and can be detected.

• High current level up to 4mA is likely safe and 

tolerable in ischemic stroke patients
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Dosage

Montage

Blinding

Time of intervention

Patient selection 

Outcome measure(s)

Peripheral Rehab Therapy

power issue in small study


