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Table S1. Baseline characteristics 
Patient characteristics Total 

(n = 59) 
Active cTBS 

(n = 28) 
Sham cTBS 

(n = 31) 

Sex, n (%)    

Male 40 (68) 18 (64) 22 (71) 

Female 19 (32) 10 (36) 9 (29) 

Age, mean (SD), years 60.2 (12) 56.8 (12) 63.4 (12) 

Race, n (%)    

White 53 (90) 24 (86) 29 (94) 

Non-white1 6 (10) 4 (14) 2 (6) 

Education level    

ISCED, median (IQR) 5.0 (3.8) 4.0 (3.0) 6.0 (4.8) 

Intervention    

cTBS onset, mean (SD), days post-stroke 14 (4) 14 (5) 15 (4) 

Stroke information    

Lesion type, n (%)    

Ischaemic stroke 50 (85) 24 (86) 26 (84) 

Intracerebral haemorrhage 9 (15) 4 (14) 5 (16) 

Lesion location, n (%)    

Subcortical 24 (41) 12 (43) 12 (39) 

Cortical 16 (27) 7 (25) 9 (29) 

Brainstem 9 (15) 6 (21) 3 (10) 

Unknown 10 (17) 3 (11) 7 (23) 

Lesion volume, cm3 (SD)2 27 (49) 25 (40) 29 (56) 

Impaired arm, n (%)    

Left arm 33 (56) 15 (54) 18 (58) 

Right arm 26 (44) 13 (46) 13 (42) 

Dominant arm3 24 (41) 15 (56) 9 (29) 

Stroke severity on hospital admission    

NIHSS, median (IQR) 7.0 (7.0) 7.0 (7.0) 8.0 (7.0) 

Acute intervention    

Intravenous thrombolysis, n (%) 11 (19) 4 (14) 7 (23) 

Intra-arterial therapy, n (%)  2 (3) 0 (0) 2 (7) 

Both, n (%) 5 (9) 2 (7) 3 (10) 

Onset intervention    

Days post-stroke, mean (SD) 16 (4) 16 (4) 17 (4) 

Baseline assessment    

Days post-stroke, mean (SD) 14 (4) 14 (5) 15 (4) 

Electrophysiology    

MEP presence, n (%)    

Affected hemisphere 20 (34) 11 (39) 9 (29) 

Unaffected hemisphere 59 (100) 28 (100) 31 (100) 

Resting Motor Threshold, mean (SD), %MO    

Affected hemisphere4 84 (26) 84 (23) 83 (28) 

Unaffected hemisphere 39 (10) 40 (11) 39 (8) 

Baseline function    

Motor impairment, mean (SD)    

Fugl-Meyer Assessment Arm score 25.6 (18.6) 24.1 (18.0) 27.0 (19.3) 

Motor function, mean (SD)    



Action Research Arm Test  12.4 (16.6) 11.5 (16.6) 13.2 (16.8) 
Motor activity, mean (SD)    

Stroke Upper Limb Capacity Score 3.1 (2.8) 2.9 (2.7) 3.3 (3.0) 

Jebsen Taylor Test 100.7 (32.7) 104.3 (28.9) 97.6 (35.8) 

Nine Hole Peg Test 1.7 (4.4) 1.3 (3.7) 2.1 (4.9) 

Barthel Index 12.4 (4.2) 12.6 (3.9) 12.3 (4.5) 
Disability, median (IQR)    

modified Rankin Scale 4 (1) 4 (1) 4 (1) 

Quality of life, mean (SD)    

Stroke Impact Scale – upper limb 7.6 (4.3) 7.6 (4.1) 7.6 (4.6) 

EuroQol-5D 7.1 (4.3) 6.0 (4.0) 8.2 (4.4) 

Other, mean (SD)       

Hospital Anxiety and Depression Scale 10.1 (7.4) 9.9 (5.4) 10.3 (8.9) 

1Middle-Eastern, Black or Asian. 2Reported for patients who underwent an MRI scan. 3Bimanual 
ignored.4RMT was 100%MO if an MEP could not be measured. cTBS: continuous Theta Burst Stimulation; 
SD: Standard deviation; ISCED: International Standard Classification of Education; IQR: Inter Quartile 
Range; NIHSS: National Institutes of Health Stroke Scale; MEP: Motor-evoked potential;  %MO: 
Percentage of maximum machine output.  

 



Table S2. Primary and secondary outcomes.  

Outcome Visit (n) 

Mean change score (95% CI) 
Mean difference in 
the change score 

between groups or 
odds ratio (95% CI)  

P-value 
active cTBS sham cTBS 

Primary outcome     

Action Research Arm Test 3 months (56) 27.6 (21.6-33.6) 18.0 (12.3-23.7) 9.6 (1.2-17.9) 0.0244 

Secondary outcomes     

Motor impairment     

Fugl-Meyer Assessment Arm <12 hours     
 1 week (58)  17.2 (12.8 to 21.7) 12.2 (7.9 to 16.5) 5.0 (-1.2 to 11.3) 0.1149 

 1 month (57) 22.9 (18.1 to 27.7) 15.2 (10.6 to 19.7) 7.7 (1.0 to 14.4) 0.0241 

 3 months (55)  24.2 (18.7 to 29.7) 15.1 (9.9 to 20.3) 9.1 (1.5 to 16.7) 0.0196 

 6 months (47)  24.6 (18.5 to 30.7) 16.1 (10.4 to 21.8) 8.5 (0.1 to 16.9) 0.0461 

 12 months (50) 25.2 (18.1 to 32.3) 17.6 (10.9 to 24.3) 7.6 (-2.3 to 17.5) 0.1316 

Motor function     

Action Research Arm Test <12 hours (59)  15.6 (11.4 to 19.7) 9.2 (5.3 to 13.2) 6.4 (0.6 to 12.1) 0.0310 

 1 week (58)  19.1 (14.5 to 23.7) 11.8 (7.4 to 16.2) 7.3 (0.9 to 13.7) 0.0259 

 1 month (57) 25.3 (19.9 to 30.7) 16.3 (11.2 to 21.4) 9.0 (1.5 to 16.5) 0.0183 
 3 months  See primary outcome 

 6 months (45)  27.5 (20.0 to 35.1) 19.1 (12.1 to 26.2) 8.4 (-2.0 to 18.8) 0.1121 

 12 months (49)  31.2 (22.7 to 39.7) 21.4 (13.4 to 29.4) 9.8 (-1.9 to 21.6) 0.1011 

Motor activity      

Stroke Upper Limb Capacity Scale <12 hours      

 1 week      

 1 month (55) 3.6 (2.7 to 4.4) 2.5 (1.7 to 3.3) 1.1 (-0.1 to 2.3) 0.0812 

 3 months (55)  4.2 (3.3 to 5.0) 2.9 (2.1 to 3.7) 1.3 (0.1 to 2.5) 0.0496 
 6 months (46)  5.0 (4.0 to 6.0) 3.1 (2.2 to 4.0) 1.9 (0.5 to 3.2) 0.0082 

 12 months      

Jebsen Taylor Hand Test <12 hours      

 1 week (57)  -37.9 (-50.1 to -25.7) -23.4 (-34.8 to -12.0) -14.5 (-31.4 to 2.4) 0.0911 

 1 month (56)   -49.6 (-61.7 to 37.5) -34.2 (-45.5 to -22.9) -15.4 (-32.1 to 1.4) 0.0714 

 3 months (55)  -58.3 (-71.3 to -45.3) -39.0 (-51.0 to -26.9) -19.4 (-37.3 to -1.5) 0.0342 

 6 months (45)  -62.7 (-77.7 to -47.6) -40.8 (-54.5 to -27.0) -21.9 (-42.5 to -1.3) 0.0372 
 12 months      

Nine Hole Peg Test <12 hours      

 1 week (58)  -2.6 (-5.2 to 0.0) -2.1 (-4.6 to 0.3) -0.5 (-4.1 to 3.1) 0.7908 

 1 month (57)  -7.1 (-9.7 to 4.6) -4.0 (-6.4 to -1.6) -3.1 (-6.7 to 0.5) 0.0873 

 3 months (57) -7.6 (-10.5 to -4.7) -4.1 (-6.9 to -1.4) -3.5 (-7.5 to 0.6) 0.0907 

 6 months (47)  -10.1 (-13.5 to -6.8) -4.7 (-7.8 to -1.6) -5.5 (-10.1 to -0.9) 0.0204 

 12 months (49)  -12.8 (-16.5 to -9.1) -5.1 (-8.6 to -1.7) -7.6 (-12.7 to -2.5) 0.0036 
Barthel Index <12 hours      

 1 week (58)  6.4 (5.6 to 7.3) 4.7 (3.9 to 5.6) 1.7 (0.5 to 2.9) 0.0069 

 1 month (57)  7.1 (6.4 to 7.8) 6.0 (5.4 to 6.7) 1.1 (0.1 to 2.0) 0.0310 

 3 months (56)  7.6 (7.1 to 8.2) 6.4 (5.9 to 6.9) 1.2 (0.5 to 2.0) 0.0015 

 6 months (57)  7.6 (7.1 to 8.0) 7.1 (6.7 to 7.5) 0.5 (-0.1 to 1.1) 0.1273 

 12 months (53) 7.4 (6.9 to 7.9) 7.1 (6.7 to 7.6) 0.2 (-0.4 to 0.9) 0.4564 

Disability (OR)     

modified Rankin Scale1 <12 hours      
 1 week      

 1 month (57)    0.23 (0.05 to 0.95) 0.0418 

 3 months (58)    0.20 (0.05 to 0.79) 0.0225 

 6 months (57)    0.39 (0.1 to 1.58) 0.1886 

 12 months (53)    1.81 (0.44 to 7.44) 0.4109 

Quality of life      



Stroke Impact Scale – upper limb <12 hours      

 1 week      

 1 month (55) 9.1 (7.2 to 11.0) 6.4 (4.5 to 8.3) 2.7 (-0.1 to 5.4) 0.0552 
 3 months (58)  10.4 (8.4 to 12.5) 6.1 (4.1 to 8.1) 4.3 (1.4 to 7.2) 0.0041 

 6 months (50)  10.9 (8.7 to 13.1) 7.8 (5.6 to 10.0) 3.1 (-0.1 to 6.2) 0.0545 

 12 months      

EuroQol-5D <12 hours      

 1 week      

 1 month     

 3 months (56)  -4.0 (-5.0 to -3.1) -3.6 (-4.5 to -2.6) -0.5 (-1.9 to 0.9) 0.4852 

 6 months (55)  -3.8 (-4.8 to -2.8) -3.9 (-4.9 to -3.0) 0.1 (-1.3 to 1.5) 0.8421 

 12 months (51) -4.6 (-5.5 to -3.6) -5.1 (-6.0 to -4.2) 0.6 (-0.8 to 1.9) 0.4029 
1Mean change scores are unavailable because an ordinal statistical analysis was performed. Visits within 
12 hours, at 1 week and at 1 month are post-treatment, while visits at 3, 6 and 12 months are post-
stroke. n = number of observed data points per visit. OR: Odds ratio.  
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LIST OF ABBREVIATIONS AND RELEVANT DEFINITIONS  

 

ABR ABR form, General Assessment and Registration form, is the application 

form that is required for submission to the accredited Ethics Committee 

(In Dutch, ABR = Algemene Beoordeling en Registratie) 

AE Adverse Event 

CV Curriculum Vitae 

DSMB Data Safety Monitoring Board 

EU European Union 

GCP Good Clinical Practice 

IC Informed Consent 

METC  Medical research ethics committee (MREC); in Dutch: medisch ethische 

toetsing commissie (METC) 

(S)AE (Serious) Adverse Event  

Sponsor The sponsor is the party that commissions the organisation or 

performance of the research, for example a pharmaceutical 

company, academic hospital, scientific organisation or investigator. A 

party that provides funding for a study but does not commission it is not 

regarded as the sponsor, but referred to as a subsidising party. 

WMO Medical Research Involving Human Subjects Act (in Dutch: Wet Medisch-

wetenschappelijk Onderzoek met Mensen 
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SUMMARY 

 

Rationale: Many surviving stroke patients are left with moderate to severe functional deficits 

and long-term dependency on rehabilitation services. The most common functional deficits 

after stroke are sensorimotor impairments, especially no or limited ability to execute muscle 

movements with the affected arm or hand.1-2 Hemiparetic stroke recovery is often associated 

with an imbalanced interaction between the damaged and undamaged hemispheres, with 

reduced excitability of the ipsilesional primary motor cortex (M1) while excitability in the 

contralesional M1 is increased.19-25 Theta Burst Stimulation (TBS), one of many forms of 

rTMS, can elicit significant behavioral improvement in recovering stroke patients.26-28 Despite 

these promising findings, a randomized controlled trial (RCT) on the long term effects of TBS 

treatment in subacute, hemiparetic stroke patients is lacking.35-37 We hypothesize that in 

stroke patients who receive TBS the upper limb motor recovery is more pronounced (faster 

with higher motor scores) in contrast to patients receiving sham TBS.  

Objective: To determine the therapeutic effect of contralesional cTBS on recovery of 

function of the paretic arm, at 3 months after ischemic and hemorrhagic stroke. Secondary 

objectives: 1) To characterize the mode of action of contralesional cTBS on neural network 

reorganization after ischemic and hemorrhagic stroke, at different time-points, 2) To 

determine the therapeutic effect of contralesional cTBS on additional sensorimotor functions, 

at different time-points post treatment, 3) To determine the therapeutic effect of 

contralesional cTBS on disability and quality of life at different time-points post treatment 

Study design: A double-blind randomized placebo-controlled intervention study. Patients will 

be randomly assigned to one of two groups: one group of patients will receive cTBS 

stimulation and the other group will receive sham stimulation. Both groups will receive 

stimulation (followed by standard care upper limb training) for 10 days, during 2 weeks, and 

will be tested 7 times (in total). 

Study population: 60 first-ever unilateral ischemic and hemorrhagic stroke patients with 

paresis of one arm, defined as a SA score of ≥9 for shoulder abduction (Motricity Index).   

Intervention (if applicable): Contralesional cTBS over the hand area of the primary motor 

cortex on a daily basis for 2 weeks (except the weekends), with a duration of 40 seconds. 

Sham stimulation will be with the stimulator in sham mode. 

Main study parameters/endpoints: Performance on an upper limb function test of the 

paretic arm.   

Nature and extent of the burden and risks associated with participation, benefit and 

group relatedness: TBS is relatively well-tolerated in the adult and child population 

according to several systematic reviews. Generally, it is a safe technique, especially when 

safety guidelines are followed.58-61 The burden will consist of daily stimulation sessions, 
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lasting 40 seconds, (during two weeks) and multiple outcome measurements (at baseline 

and at 6 follow-up time-points). This is extensive, but the research can only be performed 

with these patient groups (patients in the subacute phase after stroke). 
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1. INTRODUCTION AND RATIONALE 

Stroke – i.e. sudden loss of blood flow to the brain – is the leading cause of adult disability in 

many countries, including the Netherlands. Worldwide more than 15 million people have a 

stroke each year. Many surviving stroke patients are left with moderate to severe functional 

deficits and long-term dependency on rehabilitation services. The burden of stroke will 

significantly increase with our ageing population. The most common functional deficits after 

stroke are sensorimotor impairments – e.g. no or limited ability to perceive sensory 

information and/or execute muscle movements with the affected arm or hand – which occur 

in the majority of acute stroke patients. Rehabilitation programs contribute to partial 

functional recovery, and significant improvements in sensorimotor function can be achieved, 

but most stroke survivors are left with a permanent sensorimotor deficit.1-2  

Effective therapy for acute stroke is available: thrombolysis or thrombectomy to restore 

blood flow to the brain.3, 57 Unfortunately, only 5-15% of stroke patients receive this therapy 

due to a very narrow treatment time-window.4 Hence, there is urgent need for additional 

therapeutic strategies that are beneficial and safe when applied at later stages, as 

emphasized in several recent review papers.5-9 Recent studies suggest that functional 

improvement after stroke may be augmented by a promising strategy that involves 

neuromodulation through non-invasive brain stimulation, such as transcranial magnetic 

stimulation (TMS), in combination with rehabilitative training.10-15 TMS provides a non-

invasive and safe way to directly facilitate or suppress brain activity to modulate motor 

functions. TMS induces current in the cortex with a coil that generates a magnetic field.16 

Delivery of repetitive trains of TMS (rTMS) at high-frequency enhances cortical excitability, 

while repetitive low-frequency TMS suppresses cortical excitability.16 Recently, patterned 

protocols consisting of short trains of high-frequency TMS (30-100 Hz) in the theta-frequency 

range (4-7 Hz) (theta-burst stimulation (TBS))17 have been shown to provide effective and 

reliable paradigms for excitatory (intermittent TBS (iTBS)) or inhibitory (continuous TBS 

(cTBS)) brain stimulation, with lasting effects that exceed those induced by standard rTMS 

protocols.18  

  Hemiparetic stroke patients often have a functionally imbalanced interaction between the 

damaged and undamaged brain hemispheres, with reduced excitability of the ipsilesional 

primary motor cortex (M1) while excitability in the contralesional M1 is increased.19-25 Recent 

proof-of-principle studies have demonstrated that specific TMS paradigms – i.e. facilitatory 

stimulation of the affected hemisphere to upregulate excitability, or inhibitory stimulation of 

the unaffected hemisphere to downregulate excitability – can elicit significant behavioral 

improvement in recovering stroke patients.26-28 Most of these studies applied single 

stimulation sessions, but data suggest that longer lasting effects on motor function, up to at 

least a year after treatment, can be achieved by multiple sessions of rTMS in acute/subacute 
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stroke patients.29-30 This probably reflects long-term potentiation (LTP)- or long-term 

depression (LTD)-like cortical plasticity, induced by facilitatory or inhibitory stimulation, 

respectively.31-33 As non-invasive brain stimulation can prime M1, additional rehabilitative 

training may further enhance the beneficial effects of TMS.15, 34 TBS paradigms are 

particularly promising because sessions are shorter (i.e. more practical), and effects are 

longer-lasting (i.e. more effective) as compared to standard rTMS protocols. The feasibility, 

safety and (partial) efficacy of TBS in hemiparetic stroke patients has been demonstrated in 

a number of studies.34-37 cTBS of the intact contralesional M1 offers the most straightforward 

and accurate approach, as this region is easily identified from single-pulse TMS-induced 

motor evoked potentials (MEPs), which is more complicated in the structurally and/or 

functionally injured ipsilesional M1.38-39 In a recent study with a small group of chronic 

hemiparetic stroke patients (n=10), daily cTBS sessions combined with occupational therapy 

led to significant improvement in motor function of the upper limb after a 15-day protocol.40  

  Despite these promising findings, a randomized controlled trial (RCT) on the long-term 

effects of TBS treatment in hemiparetic stroke patients is lacking. Moreover, most earlier 

studies involved chronic patients in whom post-stroke neural network reorganization had 

probably stabilized already, which may have limited the therapeutic potential of TBS.34-37 A 

RCT in subacute stroke patients would provide important new insights on the therapeutic 

efficacy of this non-invasive and practicable intervention during an optimal time-window for 

neurorehabilitation after stroke, especially in combination with a straightforward upper limb 

training approach, such as exercises described in the recently developed Exercise Guide.80 

In 2010 this guide was developed for the project ‘Snel in Beweging’ by the University Medical 

Center Utrecht and Rehabilitation Center De Hoogstraat in collaboration with seven 

hospitals, rehabilitation centers and nursing homes, and patients of the Dutch stroke patients 

association. The guide was translated into English in 2013. The core idea is the importance 

of the intensity of the rehabilitation treatment after stroke: the more therapy, the more 

recovery during the first 6 months after stroke.81-83 Patients can start exercising 

independently from day one after stroke. The application of the exercise guide has been 

shown to be effective, because the implementation of the guide, together with some other 

interventions, increased the time spent on moderate to intensive activities (24% versus 38% 

before and after the implementation) and patients practiced more independently and under 

supervision (3% versus 6% before and after the intervention).84 

  In addition to lack of knowledge on the extent of cTBS-induced effects on post-stroke 

functional recovery, we don’t know the underlying mode of action of cTBS – specifically its 

influence on neural network reorganization over prolonged periods. Neither do we know how 

to efficiently optimize or monitor the effects of therapeutic cTBS. Hypothetically, suppression 

of hyperexcitability in contralesional M1 would relieve transcallosal inhibition of ipsilesional 
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M1, particularly subacutely after stroke when interhemispheric functional connectivity is 

disturbed and contralesional hyperactivation is associated with poor outcome.41-42 These 

effects may be ideally measured with MRI, which enables non-invasive assessment of brain 

structure and function over time. We and others have shown with functional MRI (fMRI) that 

preservation or reinstatement of perilesional activity is strongly associated with functional 

recovery after stroke.43-44 Furthermore, interhemispheric interactions may be critically 

involved in this process, as recently demonstrated with resting-state fMRI.45-46 In addition, 

with diffusion tensor imaging (DTI), an MRI method for the assessment of neuroanatomical 

structure, we found that 1) a preserved corticospinal tract is predictive of good motor 

outcome, and 2) sensorimotor network rearrangements are accompanied by improvement of 

structural integrity in neuronal tract regions.47 Thus, MRI offers a powerful tool to monitor the 

effects of non-invasive brain stimulation on structural and functional neural networks, and to 

identify biomarkers that can predict to what extent a patient will be able to recover and/or 

benefit from this therapy. Finally, the views and experiences from stroke patients who have 

undergone the TBS treatment can best be recorded through an interview. Combining 

quantitative and qualitative data will give a broader picture of the feasibility of this type of 

intervention.  
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2. OBJECTIVES 

 

Primary Objective:  

To determine the therapeutic effect of contralesional cTBS on recovery of function of the 

paretic arm, at 3 months after ischemic and hemorrhagic stroke  

 

Secondary Objectives:  

To characterize the mode of action of contralesional cTBS on neural network reorganization 

after ischemic and hemorrhagic stroke, at different time-points  

 

To determine the therapeutic effect of contralesional cTBS on additional sensorimotor 

functions, at different time-points post treatment 

 

To determine the therapeutic effect of contralesional cTBS on disability and quality of life at 

different time-points post treatment 

 

To explore the experiences of stroke patients participating in a clinical trial for upper limb 

recovery following cTBS 
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3. STUDY DESIGN 

The study will have a RCT design. Subjects will be randomly allocated to real or sham 

stimulation, and blinded for the specific treatment. Non-invasive brain stimulation will involve 

daily sessions of cTBS of the contralesional hand area of the primary motor cortex over a 

period of two weeks (5 days a week). Duration of the cTBS is only 40 seconds. cTBS will be 

directly followed by upper limb training, part of standard care in rehabilitation program in De 

Hoogstraat. However, for this study, the upper limb training is now linked to the cTBS. The 

patients will be recruited from the University Medical Center Utrecht and rehabilitation center 

de Hoogstraat over a period of 3 years. Only patients who are going to revalidation center De 

Hoogstraat for their revalidation process, are eligible for the study. Follow-up will continue 

until one year after inclusion of the last patient. The total study period is expected to be four 

years. Figure 1 gives a schematic overview of the study procedures.  

 Sensorimotor function testing and diagnostic TMS will be conducted one to three days 

before brain stimulation, one week (±2 days) and one month (±4 days) after stimulation and 

90 days (±14 days), 180 days (±14 days) and one year (±14 days) after stroke onset. The 

primary outcome measure will be assessed on the last day of stimulation as well. Primary 

outcome measure will be the Action Research Arm Test (ARAT) score at 3 months post 

stroke, which assesses the ability to perform gross movements and the ability to grasp, move 

and release objects differing in size, weight and shape.48 The ARAT will be applied similarly 

as described in the EXPLICIT program, which also has taken place at the UMCU and 

rehabilitation center De Hoogstraat.53 Additional sensorimotor function tests will include the 

Fugl-Meyer upper extremity (FM-UE) score, Nine Hole Peg Test (9HPT), Jebson-Taylor hand 

test (JTT), Stroke Upper Limb Capacity Scale (SULCS), skilled reaching and Finger Tapping 

(FT). Other questionnaires will include the Hospital Anxiety and Depression Scale (HADS), 

modified Rankin Scale (mRS), Stroke Impact Scale (SIS) and EuroQol-5D (EQ-5D). 

Corticospinal excitability and intracortical inhibition will be assessed from MEP responses 

induced by single-pulse TMS to the ipsi- and contralesional M1, measured by EMG of the 

first dorsal interosseous (FDI) muscle of both hands.18  

Patients will undergo MRI (optional) to measure ischemic and hemorrhagic injury 

(structural MRI), white matter integrity (diffusion tensor imaging), functional connectivity 

(resting-state fMRI) and cortical activation (task-related fMRI) prior to brain stimulation, and 

one week, three months, six months and one year after stimulation. Optionally, patients can 

share their views and experiences about the cTBS treatment in a single interview.  
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Figure 1. Schematic overview of study procedure  
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4. STUDY POPULATION 

4.1 Population (base)  

 Recruitment of the participants will be performed in the University Medical Center Utrecht

 (UMCU) and rehabilitation center De Hoogstraat. The study population will consist

 of 60 patients within 21 days of stroke onset, in whom there is an optimal time

 window for rehabilitative treatment because of enhanced plasticity in the brain. 

4.2 Inclusion criteria 

In order to be eligible to participate in this study, a subject must meet all of the following 

criteria: 

1) Adult patient age ≥ 18; 

2) first-ever unilateral ischemic and hemorrhagic stroke (i.e. within cerebral hemispheres, 

brainstem);  

3) paresis of one arm, with a SA score shoulder abduction ≥9 (Motricity Index)  

4) within the first 3 weeks after stroke onset; 

5) signed informed consent. 

 

4.3 Exclusion criteria 

A potential subject who meets any of the following criteria will be excluded from 

participation in this study: 

1) Disabling medical history (severe or recent heart disease, severe head trauma, 

coercively treated at a psychiatric ward); 

2) history of epilepsy; 

3) normal to almost normal use of hand; maximum Motricity Index hand score of 33 

4) severe deficits in communication, memory, or understanding that impede proper study 

participation, as determined by the treating physician;  

5) contraindications for TMS and MRI18, 51 (e.g. metal (implants) in skull/scalp/head or 

fragments from welding or metalwork, implanted device, pregnancy). N.B. metal fillings 

(i.e. conductive) or non-ferromagnetic dental implants are an exception to the rule. 

 

4.4 Sample size calculation 

Sample size will be 60 patients, 30 patients in each group, based on a recent meta-

analysis that showed a mean effect size on motor outcome after rTMS of 0.55 with a 

confidence interval 0.18 at a confidence level of 95% (calculated at 

www.surveysystem.com/sscalc.htm).62  
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Analysis is based on a statistical power of 80%, alpha of 5% and an effect size of 0.55. 

The statistical program G*Power has been used for this analysis.98 

 

 

Analysis: A priori: Compute required sample size  

Input: Effect size f(V) = 0.55 

 α err prob = 0.05 

 Power (1-β err prob) = 0.80 

 Number of groups = 2 

 Number of measurements = 7 

 Nonsphericity correction ε = 0.75 

Output: Noncentrality parameter λ = 12.7050000 

 Critical F = 2.3232187 

 Numerator df = 4.5000000 

 Denominator df = 243 

 Total sample size = 56 

 Actual power = 0.8016012 

 

As additional support for our sample size, we refer to Suppa et al. (2016) who have 

suggested that an amount of 30 people per group is sufficient to reliably detect a 

difference in response magnitude of at least 20%.  

 

 

 

 



NL58423.041.16  B-STARS 

Version number: 9.0, 07-02-2019  18 of 51 

5. TREATMENT OF SUBJECTS 

 

5.1 Investigational product/treatment 

All patients will receive standard rehabilitation therapy. In addition, real cTBS or sham 

cTBS in combination with upper limb training will be applied in daily sessions during two 

weeks (10 working days), starting within 21 days after stroke onset. cTBS will only be 

performed at rehabilitation center De Hoogstraat. The stimulation will be performed by the 

researchers with the necessary knowledge and skills. We will employ a standard cTBS 

paradigm consisting of three stimuli bursts at 50 Hz, repeated at 5 Hz frequency, resulting 

in 600 stimuli in 40 seconds.17 cTBS intensity will be at 70% of resting motor threshold, 

which induces highly consistent LTD-like MEP depression with low intersubject 

variability.49 Sham stimulation will be done with the stimulator in sham mode. We will use 

a figure-of-eight coil and the magnetic stimulator ‘Neuro-MS’, which will be purchased for 

this research (CE-certificate). These coils are tailor-made to provide therapeutic rTMS and 

placebo stimulation without overheating.50 For each session, resting motor threshold will 

be determined from EMG (recorded with two Ag/AgCl surface electrodes) from the 

contralateral FDI muscle. A digital neurophysiological system for EMG will be used (CE-

certificate).The motor threshold will be defined as the minimum intensity of TMS over the 

hand area of the contralesional primary motor cortex to elicit at least five contralateral 

MEPs with >50 μV peak-to-peak amplitude in ten trials with 7 s intertrial intervals. After the 

first treatment session the RMT will be checked again for the stimulated hemisphere. The 

optimal position to evoke a MEP from contralateral FDI will be guided by the Neural 

Navigator (if the CT scan from the standard care has a good quality or when the MRI scan 

is made before stimulation) to ensure consistent coil placement for cTBS (CE-certificate, 

Brain Science Tools BV). Applied protocol(s) will be in accordance with most recent safety 

and tolerability guidelines for TMS applications.18, 51-52, 85  

 Directly after each cTBS session, subjects will undergo upper limb training as part of 

standard care. This upper limb training consists amongst others of exercises from the 

Exercise Guide.80 In 2010 this guide was developed for the project ‘Snel in Beweging’ by 

the University Medical Center Utrecht and Rehabilitation Center De Hoogstraat in 

collaboration with seven hospitals, rehabilitation centers and nursing homes, and patients 

of the Dutch stroke patients association. The guide was translated into English in 2013. 

There are 3 different levels depending on the experienced problems by the patients. The 

selection of exercises will be done by the treating therapist (ergotherapist and/or physical 

therapist).  
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5.2 Use of co-intervention (if applicable) 

Patients in both treatment groups will be treated according to the standard care in 

rehabilitation center De Hoogstraat. Patients are divided into 6 subgroups (1a, 1b et 

cetera) depending on their motor abilities, cognitive abilities and the presence of aphasia. 

Placement into one of the 6 groups determines the weekly program with physiotherapy, 

occupational therapy, hand group, speech therapy et cetera. 

 

5.3 Escape medication (if applicable) 

Not applicable.  
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6. METHODS 

6.1 Study parameters/endpoints 

6.1.1 Main study parameter/endpoint 

The primary functional outcome measure will be the change in ARAT score as 

described by Van der Lee et al.54 assessed at 3 months post stroke.   

6.1.2 Secondary study parameters/endpoints (if applicable) 

In addition to the ARAT score, we will measure sensorimotor function with the 

following tests: Fugl-Meyer score, Nine Hole Peg Test, Jebson-Taylor hand test, 

Stroke Upper Limb Capacity Scale, skilled reaching and Finger Tapping. 

 The following outcome measurements will be used to measure 

dependency, quality of life and depression: modified Rankin Scale, Stroke Impact 

Scale, Hospital Anxiety and Depression Scale and EQ-5D.  

   The characteristics of motor-evoked potentials evoked by single pulse TMS will be 

assessed. Single pulse TMS will be delivered to several targets in a grid which is projected 

onto the left and right primary motor cortices at T0-T6.  

 

 To assess patients’ functional and structural brain status, we will measure 

fMRI-based sensorimotor activation (i.e. amount of voxels with significant task-

induced responses), resting-state fMRI-based neuronal network parameters (i.e. 

functional connectivity between regions) and DTI-based white matter integrity (i.e. 

fractional anisotropy) within the bilateral sensorimotor system.  

 These secondary parameters will be measured at baseline, 1 week (±2 

days), 1 month (±4 days), 90 days (±14 days), 180 days (±14 days) and 1 year (±14 

days) after stimulation. 

 

To explore the views and experiences of the included patients in the trial, a single 

interview will be held, when the last treatment session has been performed. Open 

questions will be asked to allow patients to express their views on the brain 

stimulation intervention.  

6.1.3 Other study parameters (if applicable) 

The following parameters will be used to control for possible interfering effects 

(based on information from the medical records): 

- Demographic parameters: gender, age, education level, handedness, marital 

status, ethnicity 
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- Stroke related parameters: type of stroke, stroke severity (NIHSS, BI), side 

affected limb, days since stroke onset, cognition (MOCA) 

These parameters will only be assessed at baseline (they are not expected to be 

influenced by the cTBS intervention).   

  

6.2 Randomisation, blinding and treatment allocation 

Patients will be stratified based on the severity of their arm paresis. Based on the 

EXCITE study101 the patients will be divided into 2 groups (higher- and lower 

functioning), and then randomly assigned to either the real cTBS or sham cTBS 

group. A randomisation list will be used. Randomisation will be performed as late as 

possible, after the baseline assessment, because of possible improvements in motor 

function during the first days after stroke. Based on some set criteria patients will be 

divided into a higher- and lower functioning group.101 Higher functioning patients must 

demonstrate a minimal presence of finger extension; thumb or one or more fingers 

that can move somewhat arbitrarily. Lower functioning patients must demonstrate no 

voluntary movement in fingers.101  

 

Randomisation will take place at the Julius data management department through a 

computerized method. The randomisation code is kept at the Julius data 

management department. Prof. dr. Visser-Meily has access to the randomisation 

code when needed. This may occur during a research visit when according to the 

physician the symptoms of the patient are such that the code needs to be broken. 

 

The investigator will execute the treatment. The main study parameter, the ARAT 

score, will be measured by other trained and blinded researchers not involved in the 

research (at the 3 month time-point). The other tests will be tested by the investigator. 

The nurses, physicians, and physical therapist(s) who will observe the patients until 

the final study time-point will be unaware of the patient’s group assignment. 

 

6.3 Study procedures 

Patients will be recruited and included from the UMC Utrecht (only patients who are 

moving to De Hoogstraat for their revalidation process) and rehabilitation center De 

Hoogstraat. Patients who fulfil the study criteria will be asked to participate, and they 

will receive a Patient Information Letter explaining the background and methods of 

the study. Patients can decide to participate with or without additional MRI scanning 

at the UMC Utrecht. After written informed consent, patients will be randomly 
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allocated to the treatment procedures. A TMS questionnaire to confirm safe 

participation is collected. The first assessment of outcome parameters will take place 

in the first 21 days after stroke onset, which includes sensorimotor function tests and 

diagnostic TMS. Patients who approve a MRI scan, will also undergo MRI at this 

stage. One to three days after the first assessment, patients will undergo daily 

treatment sessions (with a duration of 40 seconds) of cTBS or sham cTBS (10 

working days) in combination with upper limb training during two weeks, at the 

rehabilitation center De Hoogstraat. Patients not involved in the research and patients 

receiving sham stimulation will receive the upper limb training as well, because it's 

part of the standard care in the rehabilitation center. Subsequently, sensorimotor 

function testing and diagnostic TMS will be done at one week, one month, three 

months, six months and one year after the cTBS or sham cTBS treatment. The 

primary outcome measure will be tested at the last stimulation day. Additional MRI will 

be executed after the first week, the third month, the sixth month and one year after 

real/sham cTBS treatment. The optional interview will be scheduled when the last 

treatment session has been performed. A schedule of all the assessments can be 

found in Table 1-3. Table 1 is an overview of all the sensorimotor function tests and 

questionnaires. Table 2 provides information about all the single-TMS and (f)MRI 

measurements. All patients will receive standard care and rehabilitation therapy. 

Table 3 is an overview of all the measurements that are part of standard care.  
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Table 1. Overview of all measures (motor function tests and questionnaires) for the stroke patient and the moment of 

administering. The first assessment (T0) takes place in the first 7-14 days post-stroke. The follow-up assessments are at the last 

day of stimulation session (T1), 1 week (T2), 1 month (T3) after stimulation, 3 months (T4), six months (T5) and 1 year (T6) 

post-stroke. 

 

 Instrument T0 T1  T2              T3 T4 T5 T6  Assessment 

time  

Primary Outcome 

measure  

         

Motor function Action Research Arm Test 

(ARAT) 
X X X X 

X X 
X 

max. 20 min 

Secondary 

outcome measures  

 
    

  
 

 

Function           

Motor function  Fugl-Meyer (FM) X  X X X X X max. 20 min 

Motor function Stroke Upper Limb 

Capacity Scale (SULCS) X   X 

 

X 

 

 

X  

max. 6 min 

Motor function Finger Tapping (FT) 
X   X 

 

X 

 

X 
X 

max. 1 min 

Motor function Skilled reaching 
X X X X 

 

X 

 

X 
X 

max. 4 min 

Activities           

Coordination Nine-hole Peg Test 

(9HPT) 
X  X X 

X X 
X 

max. 10 min 

Speed Jebsen Taylor Test (JTT) X  X X X X  max. 10 min 

Participation          

Quality of life Stroke Impact Scale (SIS; 

hand function subscale + 

thermometer  

X   X 

X X 

 

max. 3 min 

 EuroQol-5D (EQ-5D) X    X X X  

Dependency Modified Rankin Scale  X   X X X X max. 2 min 

Determinants/ 

characteristics  

 
    

  
 

 

Stroke related 

factors  

 
    

  
 

 

Mood Hospital Anxiety and 

Depression Scale (HADS) X   X 

 

X 

 

X 
 

 

 

2-6 min 
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Table 2. Overview of all measures for the stroke patient and the moment of administering. The first assessment (T0) takes place 

in the first 7-14 days post-stroke. The follow-up assessments are at the last day of stimulation session (T1), 1 week (T2), 1 

month (T3) after stimulation, 3 months (T4), six months (T5) and 1 year (T6) post-stroke. 

 

 

 

 Instrument T0 T1 T2 T3 T4 T5 T6 Assessment 

time 

  Secondary 

outcome measures 

 
    

  
 

 

Brain reorganization          

Corticospinal 

excitability and 

intracortical inhibition 

Single-pulse TMS 

X X X X 

 

X 

 

X X 

 

15 min 

Ischemic/hemorrhagic 

injury, white matter 

integrity, functional 

connectivity, and 

cortical activation 

(f)MRI (optional) 

X  X  

 

 

X 

 

 

X X 

 

 

25 min 

Qualitative study  

Personal views and 

experiences from 

patients 

Interview 

  X 

 

30-60 min 
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Table 3. Overview of all measures part of care as usual. The first assessment (T0) takes place in the first 7-14 days post-stroke. 

The follow-up assessments are at the last day of stimulation session (T1), 1 week (T2), 1 month (T3) after stimulation, 3 months 

(T4), six months (T5) and 1 year (T6) post-stroke. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 Instrument T0 T1 T2 T3 T4 T5 T6 Assessment 

time 

  Secondary 

outcome measures 

 
    

  
 

 

Activities          

Activities of Daily 

Living (ADL) 

Barthel Index 

X  X* X* 

 

X* 

 

X* X* 

2-5 min 

*= not 

standard care 

Determinants/charac

teristics 

 
    

  
 

 

Demographics Age, gender, education, 

marital status, ethnicity, 

work status, handedness, 

medication 

X    

  

 

 

- 

Stroke related 

factors 

 
    

  
 

 

Cognition Montreal Cognitive 

Assessment (MOCA) 
X    

  
 

max. 10 min 

Stroke characteristics Type of stroke, stroke 

severity (NIHSS, MI), side 

affected limb 

X    

  

 

 

- 
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Sensorimotor function tests 

ARAT 

The ARAT is a performance test which assesses the ability to perform gross 

movements and the ability to grasp, move and release objects differing in size, weight 

and shape (F1). The original test consists of 19 items, rated on 4-point ordinal scales 

(0 to 3), with a maximum score of 57. The better the patient, the higher the score. By 

removing four items, a hierarchical 1-dimensional scale has been constructed.54 

 

Fugl-Meyer  

The Fugl-Meyer arm score is a reliable and valid motor performance test consisting of 

33 tasks performed by the affected upper limb .64-65 (F1). The FM-arm test evaluates 

the ability to make movements outside the synergistic pattern. Performance on each 

task is rated as 0, 1 or 2, with higher ratings representing better performance. The 

FM-arm measure will be used as the sum of 33 ratings (possible range 0 to 66 

points). The Fugl-Meyer assessment also has a lower extremity part. These tasks are 

also rated on a 0-2 point scale with a maximum of 34 points. This section of the 

assessment will also be measured to see if the stimulation has effects on the lower 

extremities. 

 

Nine Hole Peg Test 

The Nine Hole Peg Test (9HPT) examines the speed of movement of amongst others 

the fine motor skills (F1). The patient has to grab as quickly as possible 9 pegs from a 

bowl and put these into the openings of nine holes. Afterwards, the patient has to take 

the 9 pegs out of the holes again and put them back in the bowl. The duration of this 

operation is measured. The maximum time is 50 seconds, and then the number of 

pegs is counted. You can earn one point by place the peg into a hole, as well as take 

the peg out of the hole and put them back into the bowl. So you can achieve a 

maximum of 18 points. The patient can only use the affected hand and must take the 

pegs one by one.63 Reliability and validity have been demonstrated in patients with 

stroke.66 

 

Jebsen-Taylor hand test 

Hand skill is measured by the Jebsen-Taylor hand test (F1). A total of 7 subtests have 

to be performed, picking up small objects and place them in a container, card turning, 

stimulated feeding et cetera. Each item is scored according to time taken to complete 

the task. The scores for all 7 items are then summed for a total score.These hand 

functions refer to activities of daily living.74 The tasks have to be executed first with 
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the non-dominant hand, and then with the dominant hand. Hereby it is possible to see 

the effects of the stimulation on the unaffected hand.  

 

Stroke Upper Limb Cacapity Scale 

The SULCS consists of 10 items, each of which may receive a score of 0 or 1 

(maximum score of 10; F1). Score of 1 on an item means that the patient is able to 

perform the task in the manner described. The items are focused on arm capacity, 

and basal and complex hand capacity. The items have an hierarchical order.  Two 

scientific papers showed excellent clinimetric properties of the SULCS.99,100 

 

Skilled reaching 

The skilled reaching task assesses skilled reaching behavior and can be scored on multiple 

components (success score, first attempt, movement elements).  

Patientss will be seated in an armless chair, feet flat on the ground and their hands palm 

down on their thighs with the fingers extended. A small food item (Honey Loops, smarties, 

raisin, shelled peanut) will be placed on a pedestal placed in front of them, adjusted to the 

trunks’ height and arm length. Each hand will be used to make three to five reaches, 

accomplished within a few minutes (Klein, 2009; Melvin et al., 2005; Whishaw et al., 2002). 

The patients will have to reach for the food item and withdraw this to their mouth. The tasks 

will be video-recorded with a camera with a shutter speed of 1/1000 frames per second, to 

enable frame-by-frame analysis.  

 

Finger Tapping 

Finger tapping is an index of skilled movement or movement speed. Tapping 

frequency is measured by tapping with the index finger as fast as possible during 30 

seconds. The total number of hits is counted.105 

 

Brain reorganization (TMS and MRI) 

 

 Motor-evoked potentials (MEPs) evoked by single pulse TMS to the motor hotspot in the 

ipsi- and contralesional hemisphere will be assessed at T0-T6. Single pulse TMS will be 

delivered to several targets in a grid which is virtually projected onto the left and right primary 

motor cortices to visualize the changes in cortical motor representation. During the grid 

registration, EMG will be measured in the bilateral first dorsal interosseous, contralesional 

anterior pollicis brevis and contralesional abductor digiti minimi muscles. The grid is centered 

at the maximum MEP amplitude (as determined during the resting motor threshold 

procedure) and consists of 4 by 4 targets with 8 mm spacing between the targets. 5 

repetitions of single pulse TMS will be delivered at 120% relative to the resting motor 
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threshold to each target. In total, 125 pulses will be delivered. A beta version of the neural 

navigator software will be used to register the TMS coil position at the moment of TMS pulse 

delivery and visualization of this location on the brain surface.  

 Additionally, 5 TMS pulses will be delivered to 7th cervical vertebra in the neck to obtain 

the peripheral conduction time. The peripheral conduction time will be used to correct 

latencies for differences in upper limb length and differences in peripheral conduction 

velocities. This procedure is also applied clinically in clinical neurophysiological exams and is 

experienced similarly compared to cortical stimulation. 

 

MRI will be executed on a clinical 3T scanner. The MRI protocol will include standard 

anatomical MRI (4-8 minutes), DTI (6 minutes), task fMRI (5 minutes) and resting-

state fMRI (6 minutes), during which the patient is requested to lie still and relax with 

eyes closed. Task-related fMRI will be done during flexion-extension movement in a 

blocked design, comparable to the fMRI task described by Buma et al. (2015)103. 

Before fMRI scanning, patients will be trained to perform the task correctly. The 

patients will wear a data glove on each hand. Both arms will rest comfortably in a 

suspine position with the elbows bent in a comfortable position for the patient. The 

task will be presented on a screen. On the screen there are two hands moving up and 

down in a vertical fashion (representing the extension of the fingers and bending of 

the fingers in 90° flexion). The patients will be asked to follow the hand to the best of 

their ability. Movement of the individual left hand and right hand is alternated with 

rest.  

 

Other measures 

Barthel Index (BI) 

The BI is an ordinal scale used to measure performance in 10 activities of daily living 

(F1). Test scores range from 0 to 100, with higher scores indicating better 

performance in these activities.75-77 

 

Modified Rankin Scale 

The Modified Rankin Scale is an observation list to determine the functional status of 

a person post stroke (F1). The functional status of patients can be subdivided into 6 

subscales. Score '0' corresponds to no symptoms and score ‘5’ corresponds to 

severe handicap.73 

Stroke Impact Scale 

The Stroke Impact Scale (SIS) is a self-report health status measure, specifically for 

the stroke population (F1). This multidimensional instrument measures hand function, 
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strength, activities of daily living, communication, emotion, memory and thinking.78 

The hand item (question 7) and the last question about the subjective recovery after 

stroke (question 9) will be used. 

 

Hospital Anxiety and Depression Scale 

The Hospital Anxiety and Depression Scale (HADS) measures the core symptoms of 

anxiety and depression without involving physical symptoms (F1). It is an easy to use, 

short questionnaire. It consists of a depression scale and an anxiety scale, each 

containing 7 items.79 The highest possible score is 21, scores between 11-21 are 

indicative for a probable depression. 

 

EuroQol-6D 

The EuroQol-5D is a very short, efficient and general questionnaire. It consists of 5 

questions with each 5 answer possibilities. Each question captures one dimension of 

quality of life; mobility, self-care, daily activities, pain or other complaints and 

anxiety/depression. We added a sixth question in the theme of cognition based on the 

EQ-6D, but with 5 answer possibilities instead of 3. The result of this questionnaire is 

a 5-digit number than can be converted into a preference weight which is also called 

a single weighted index score. The EQ-5D has a good validity and is an efficient tool 

to measure health status.104  

 

Interview 

Open questions will be asked to allow patients to express their views on the brain 

stimulation intervention.  

 

6.4 Withdrawal of individual subjects 

Subjects can leave the study at any time for any reason if they wish to do so without 

any consequences. The investigator can decide to withdraw a subject from the study 

for urgent medical reasons. The collected questionnaires and cognitive data will be 

destroyed on request of the withdrawn participant. 
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6.4.1 Specific criteria for withdrawal (if applicable) 

Not applicable 

6.5 Replacement of individual subjects after withdrawal 

There will be no replacement of individual participants that withdraw. 

6.6 Follow-up of subjects withdrawn from treatment 

Patients who withdrew from this study will receive a follow-up measurement, when 

there is permission. 

6.7 Premature termination of the study 

This study is under surveillance of a Data Safety Monitoring Board, which can advise 

the sponsor to terminate the study prematurely; see 7.4. 
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7. SAFETY REPORTING 

7.1 Temporary halt for reasons of subject safety 

In accordance to section 10, subsection 4, of the WMO, the sponsor will suspend the 

study if there is sufficient ground that continuation of the study will jeopardise subject 

health or safety.  The sponsor will notify the accredited METC without undue delay of a 

temporary halt including the reason for such an action. The study will be suspended 

pending a further positive decision by the accredited METC. The investigator will take 

care that all subjects are kept informed.  

 

7.2 AEs, SAEs and SUSARs 

7.2.1 Adverse events (AEs) 

Adverse events are defined as any undesirable experience occurring to a subject 

during the study, whether or not considered related to cTBS in combination with 

upper limb training. All adverse events reported spontaneously by the subject to (or 

observed by) the investigator or his staff will be recorded for the period of the 

stimulation (2 weeks) and an additional week after the stimulation has stopped. 

Furthermore, all adverse events occurring within 24 hours after MRI will be reported 

as well. During the follow-up period (only diagnostic measurements) only SAEs will be 

reported in the annual progress report, see below. 

 

7.2.2 Serious adverse events (SAEs) 

A serious adverse event is any untoward medical occurrence or effect that  

- results in death; 

- is life threatening (at the time of the event); 

- requires hospitalisation or prolongation of existing inpatients’ hospitalisation; 

- results in persistent or significant disability or incapacity; 

- is a congenital anomaly or birth defect; or 

- any other important medical event that did not result in any of the outcomes listed 

above due to medical or surgical intervention but could have been based upon 

appropriate judgement by the investigator. 

An elective hospital admission will not be considered as a serious adverse event. 

 

The sponsor will report the SAEs (AEs which develop into SAEs), occurring during 

the 3-week period from the start of the stimulation, through the web portal 
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ToetsingOnline to the accredited METC that approved the protocol, within 7 days of 

first knowledge for SAEs that result in death or are life threatening followed by a 

period of maximum of 8 days to complete the initial preliminary report. All other SAEs 

will be reported within a period of maximum 15 days after the sponsor has first 

knowledge of the serious adverse events. SAEs occurring within 24 hours after MRI 

will be reported. SAEs occurring during the follow-up period will be reported in the 

annual progress report. Stroke survivors are often plagued by medical problems, and 

side effects of brain stimulation will only occur during and in rare cases for a short 

time period after brain stimulation. 

 

7.3 Follow-up of adverse events 

All AEs will be followed until they have abated, or until a stable situation has been 

reached. Depending on the event, follow up may require additional tests or medical 

procedures as indicated, and/or referral to the general physician or a medical specialist. 

SAEs need to be reported till end of study within the Netherlands, as defined in the 

protocol  

 

7.4 Data Safety Monitoring Board (DSMB) 

The central, internal DSMB of the UMC Utrecht is established to perform ongoing safety 

surveillance. The current composition of the internal DSMB is: 

· Prof. dr. M.J.C. Eijkemans, chair, biostatistician; 

· Dr. P. Blankestijn,, nephrologist; 

· Prof. dr. L.J. Bont, pediatrician; 

· Dr. M. Langenberg, oncologist; 

· Prof. dr. G.J. de Borst, surgeon. 

Contact: Dr. G.C.M. van Baal, secretary. 

 

At the moment we are looking for a temporary project specific member as an addition to the 

DSMB.  

 

This trial will be monitored by the internal DSMB of UMC Utrecht, following their procedures. 

A report on 1. progress of the study (accrual, quality of the data), and 2. safety will be 

submitted 1 time each year. Based on this information, the internal DSMB will advise to 

continue the study without adjustments to the protocol, continue after adjustments, or to stop 

the study. The advice will only be sent to the sponsor of the study. Should the sponsor 

decide not to fully implement the advice of the DSMB, the sponsor will send the advice to the 
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reviewing METC, including a note to substantiate why (part of) the advice of the DSMB will 

not be followed. 

 

The internal DSMB will monitor the following aspects of the study: 

1. Progress: Information on accrual (planned and actual), information on quality of the data 

(% missing etc.), randomization (check on stratification and baseline variables), losses to 

follow up with reasons. 

2. Safety: Evidence for significant treatment harm: number death, SAEs.  

The internal DSMB may also advise on protocol modifications suggested by investigators or 

sponsors and assess impact and relevance of external evidence. 
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8. STATISTICAL ANALYSIS 

The primary analysis will be based on the intention-to-treat principle (complementary per 

protocol). If missing values are encountered we will consider using a multiple imputation 

procedure. Patients without any study activities – from the rTMS treatment – will be 

replaced. 

8.1 Primary study parameter(s) 

ARAT scores will be statistically analyzed using repeated measures ANOVA with ‘time’ 

(different time-points before and after treatment) as within-subject factor and ‘treatment’ 

(real cTBS vs. sham cTBS) as between-subject factor. Paired t-tests with correction for 

multiple comparisons will be used for post hoc analysis. Before entering the data in 

ANOVA, we will check for normal distribution with the Kolmogorov–Smirnov test. 

Alternatively, Wilcoxon signed-rank tests will be used to analyze ARAT scores. 

 

8.2 Secondary study parameter(s)  

Secondary outcome parameters like the additional sensorimotor function tests, and 

disability/quality of life scores (HADS, BI, SIS) as well as corticospinal excitability and 

intracortical inhibition measured from diagnostic TMS, will be analyzed in the same way 

as described for ARAT scores. 

MRI data will be processed and analyzed with standard procedures for image registration; 

statistical mapping of functional activation and connectivity maps; and calculation of 

tissue diffusion parameters. The volume of functional activation, the degree of functional 

connectivity and diffusion fractional anisotropy will be quantified in different regions-of-

interest of the sensorimotor network. Statistical analysis of imaging parameters will 

involve repeated measures ANOVA with ‘time’ (different time-points before and after 

treatment) as within-subject factor and ‘treatment’ (real cTBS vs. sham cTBS) as 

between-subject factor, followed by post hoc t-testing with correction for multiple 

comparisons. For predictive modeling we will employ GLM-based algorithms55, but we 

may also use alternative algorithms that we have recently tested on their ability to predict 

infarction based on multiparametric MRI.56 All necessary software protocols for image 

processing and analyses are available at our institute. 

The open-ended questions provided qualitative data that will be analysed using thematic 

analysis. Key themes or categories will be identified and coded by reading and rereading 

the responses from all the interviewed patients. 
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8.3 Other study parameters 

These parameters will be used to check if the groups are comparable on baseline. In 

case of significant differences between subjects on parameters (which are relevant for the 

scores on the dependent variable) then a covariance analysis will be performed. 

 

8.4 Interim analysis (if applicable) 

Interim analysis will not be performed, because of the negligible risk of the study. The 

DSMB will only perform ongoing safety surveillance. 
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9. ETHICAL CONSIDERATIONS 

9.1 Regulation statement 

This study will be conducted according to the principles of the Declaration of Helsinki 

(64th WMA General Assembly, Fortaleza, Brazil, October 2013) and in accordance with 

the Medical Research Involving Human Subjects Act (WMO). 

 

9.2 Recruitment and consent 

Eligible ischemic and hemorrhagic stroke patients will be approached for our study in 

consultation with the involved neurologist or rehabilitation physician. Subsequently, the 

researchers involved will provide written information as well as a detailed explanation of 

all the procedures (Patient Information Letter, E1). It is important that the patient have 

read the letter, have formed an opinion about it and may have discussed this with 

relatives. After permission by the patient, he/she will be recruited as soon as possible to 

participate in this RCT. Before actual examination, the researcher will repeat the study 

information and patients will (again) be informed about the possibility to ask questions to 

the researcher, and the option to withdrawal from the study at any time will be 

emphasized. Mental competence is determined by the treating physician beforehand. 

Participation is only valid after handing in written consent, signed in the presence of the 

researcher. If the patient is not able to write down the required information (because of 

motor disabilities), a relative can fill out the informed consent. A copy of the written 

consent will be given to the patient. The process of obtaining informed consent should be 

documented in the medical record of the subject. cTBS intervention will only be 

performed at rehabilitation center De Hoogstraat.  

 

9.3 Objection by minors or incapacitated subjects (if applicable) 

Not applicable.  

 

9.4 Benefits and risks assessment, group relatedness 

The risk to participants is considered negligible, while the potential benefits are 

considerable. Sensorimotor function testing and upper limb training are not accompanied 

by any side effects. Some patients experience a slight painless tap on the head during 

TMS and a smaller percentage experiences mild and transient headache.60 During MRI, 

patients may experience claustrophobic feelings. 

We are aware of the burden on patients of subacute intervention and testing in their early 

stage of recovery. However, evidence is compelling that functional outcome is largely 
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determined in the first weeks after stroke. Consequently, therapeutic efficacy of 

interventions is expected to be largest in the early phase after stroke. Next to the 

opportunity to evaluate early applied recovery-promoting therapy, we expect to obtain 

new insights into mechanisms contributing to functional recovery after paresis of the 

upper limb, which is a prerequisite for future optimal treatment planning. This research, 

however, can only be performed with these patient groups.  

 

9.5 Compensation for injury 

The sponsor (also) has an insurance which is in accordance with the legal requirements 

in the Netherlands (Article 7 WMO). This insurance provides cover for damage to 

research subjects through injury or death caused by the study. 

The insurance applies to the damage that becomes apparent during the study or within 4 

years after the end of the study. 

1. The insurance applies to the damage that becomes apparent during the study or 

within 4 years after the end of the study. € 650.000,-- (i.e. six hundred and fifty 

thousand Euro) for death or injury for each subject who participates in the 

Research; 

2. € 5.000.000,-- (i.e. five million Euro) for death or injury for all subjects who 

participate in the Research;  

3. € 7.500.000,-- (i.e. seven and a half million Euro) for the total damage incurred by 

the organisation for all damage disclosed by scientific research for the Sponsor as 

‘verrichter’ in the meaning of said Act in each year of insurance coverage. 

 

9.6 Incentives (if applicable) 

Not applicable.  
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10. ADMINISTRATIVE ASPECTS, MONITORING AND PUBLICATION 

10.1 Handling and storage of data and documents 

All personal data will be handled confidentially according to the EU General Data 

protection regulation (GDPR). Data will be entered into a digital database Open Clinica by 

the investigators who had direct contact with the subject. The video images of the skilled 

reaching task are collected and saved on a secured, local server from De Hoogstraat after 

the video recording. The video images are immediately deleted from the video camera 

after transfer to the computer. Identifying confidential information and/or health care 

services will be deleted from the transcript of the interviews.  

Each subject will be given an identification code reflecting the group and position of the 

subject in the database. Only the investigators have excess to the key of the code. Raw 

data will be stored in one central archive (at a locker in Kenniscentrum De Hoogstraat) and 

will be safeguarded by the project coordinator. The raw data will be stored for as long as 

the data is used for research purposes and for 15 years minimally. The digital database will 

be accessible to all the investigators participating in this research project.  

All baseline data, single-pulse TMS output, sensorimotor function tests data and data from 

questionnaires will be recruited (and stored) at de Hoogstraat. Some informed consents 

will be obtained at de Hoogstraat as well. The other part of the informed consents and all 

MRI data will be obtained at the UMC.  

 

10.2 Monitoring and Quality Assurance  

This study has a negligible risk, based on the risk classification of the Dutch Federation of 

University Medical Centers96 (NFU). Intensity of monitoring is based on the risk 

classification. Monitoring will be done by an independent and qualified monitor. The 

monitoring at the UMC/De Hoogstraat will be done by a central internal monitor of the 

Julius Center’. This person is not involved in the design and execution of the study. 

 

Details can be found in a separate monitoring plan (K6). 

 

10.3 Amendments  

Amendments are changes made to the research after a favourable opinion by the 

accredited METC has been given. All amendments will be notified to the METC that gave 

a favourable opinion. All substantial amendments will be notified to the METC and to the 

competent authority.Non-substantial amendments will not be notified to the accredited 

METC and the competent authority, but will be recorded and filed by the sponsor.  
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10.4 Annual progress report 

The sponsor/investigator will submit a summary of the progress of the trial to the 

accredited METC once a year. Information will be provided on the date of inclusion of the 

first subject, numbers of subjects included and numbers of subjects that have completed 

the trial, serious adverse events/ serious adverse reactions, other problems, and 

amendments.  

 

10.5 Temporary halt and (prematurely) end of study report 

The investigator/sponsor will notify the accredited METC of the end of the study within a 

period of 8 weeks. The end of the study is defined as the last patient’s last visit. The 

sponsor will notify the METC immediately of a temporary halt of the study, including the 

reason of such an action. In case the study is ended prematurely, the sponsor will notify 

the accredited METC within 15 days, including the reasons for the premature termination. 

 Within one year after the end of the study, the investigator/sponsor will submit a final 

study report with the results of the study, including any publications/abstracts of the study, 

to the accredited METC.  

 

10.6 Public disclosure and publication policy 

Results of the described project will be disclosed and published in peer-reviewed 

international scientific journals. 
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11. STRUCTURED RISK ANALYSIS  

 

11.1 Potential issues of concern 

 

a. Level of knowledge about mechanism of action 

TMS induces current in the cortex with a coil that generates a magnetic field.16 Delivery of 

repetitive trains of TMS (rTMS) at high-frequency enhances cortical excitability, while 

repetitive low-frequency TMS suppresses cortical excitability.16 Patterned protocols 

consisting of short trains of high-frequency TMS (30-100 Hz) in the theta-frequency range 

(4-7 Hz) (theta-burst stimulation (TBS)17 have been shown to provide effective and reliable 

paradigms for excitatory (intermittent TBS (iTBS)) or inhibitory (continuous TBS (cTBS)) 

brain stimulation, with lasting effects that exceed those induced by standard rTMS 

protocols.18 We don’t know the underlying mode of action of cTBS – specifically its 

influence on neural network reorganization over prolonged periods. The modulatory 

effects of rTMS depend on the chosen stimulation parameters like intensity, frequency, 

number of sessions, positioning of coil on the head, et cetera. Several studies highlight 

the role of y-aminobutyric acid receptor (GABA-r) modulation, N-methyl-D-aspartate 

receptors (NMDA-r) and expression of immediate early genes (IEGs) proteins.17, 67-71 

 

b. Previous exposure of human beings with the test product(s) and/or products with a 

similar biological mechanism 

The most common non-invasive brain stimulation approaches involve transcranial 

electrical stimulation, transcranial (direct) current stimulation, transcranial magnetic 

stimulation and repetitive transcranial magnetic stimulation.18 The early approach of 

transcranial electrical stimulation, an uncomfortable method, applied high-voltage 

electrical stimulation through electrodes on the scalp. Transcranial direct current 

stimulation (tDCS) is the most common form of transcranial current stimulation. This 

method induces polarity specific changes delivered via scalp electrodes. tDCS is known 

for its simplicity and relative low cost, but moderate temporal and focal resolution.15, 18, 60 

Transcranial magnetic stimulation (TMS) uses the principle of a varying magnetic field to 

induce small electrical currents in the brain on the site of the stimulation. The magnetic 

pulses can also be applied in a repetitive (pulse) mode, known as rTMS. In contrast to 

tDCS, rTMS has good temporal and spatial resolution, but is has a relatively complex and 

expensive setup.15-17, 51 TMS is most commonly used to study brain plasticity and 

physiology and rTMS to evoke neuroplasticity and neuromodulation. Nowadays different 

theta burst protocols are being used, a repetitive application of burst-trains. Theta burst 

stimulation is characterized by its short duration and longer lasting aftereffects.15-18, 51, 60 
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c. Can the primary or secondary mechanism be induced in animals and/or in ex-vivo 

human cell material? 

rTMS can be given to animals, and the effects can be found on neural network 

reorganization and behaviour. The primary or secondary mechanism cannot be induced in 

ex-vivo human cell material. The short duration time of TBS protocols makes it possible to 

stimulate non-anesthetized animals.72 A limitation for rTMS study in small laboratory 

animals, like rodents, is the fact that focal stimulation of distinct rodent brain areas is not 

possible, due to limitations in coil size.72, 102 The size and thickness of the brain 

determines the induced current density distribution and the spatial selectivity of the 

impact.51 Advanced sensorimotor function testing and measuring disability and quality of 

life is not possible in animals. 

 

d. Selectivity of the mechanism to target tissue in animals and/or human beings 

Motor cortical stimulation has been the main focus of most previous studies. The primary 

motor cortex, ipsilesional as well as contralesional, has been used as target. Inhibitory 

stimulation of the contralesional hemisphere can be used to reduce the undesirable 

inhibitory drive to the affected hemisphere, whereas excitatory stimulation of the 

ipsilesional hemisphere can be used to enhance the reduced participation of the affected 

hemisphere. The used mode, intermittent or continuous for TBS, determines the induced 

changes in the cortex (excitatory or inhibitory).12, 15 

 

e. Analysis of potential effect 

The literature shows that non-invasive brain stimulation (NIBS) techniques have 

therapeutic effects in a wide range of patient populations, such as depression, aphasia, 

migraine, motor dysfunction and epilepsy.87-93 When the safety guidelines are followed, 

these techniques are generally safe.51, 94 The safety guidelines are a comprehensive list of 

ethical issues, stimulation parameters, physiological monitoring, screening questionnaire 

for patients et cetera. The most serious TMS-related side-effect, the occurrence of 

seizures, has been extremely rare.51 The crude risk of seizure is approximately 0.02% per 

session of TBS and 1.1% for mild adverse events.58 Examples of adverse events during or 

immediately after TBS in 67 protocols (4%) are mild headache, nonspecific discomfort 

(tinnitus patients), mild discomfort (neck pain and lightheadedness).58 

 

f. Pharmacokinetic considerations 

Not applicable. 
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g. Study population 

The research subjects are adult patients with a first-ever unilateral ischemic and 

hemorrhagic stroke with mild to moderate mono- or hemiparesis of the arm, within the first 

1-2 weeks after stroke onset. Chronic patients will show a more stable impairment, but in 

the subacute stage of recovery much of the neural reorganization is expected to occur.6, 15 

 

h. Interaction with other products 

Not applicable. 

 

i. Predictability of effect 

In the time period of the introduction of TBS until now, TBS techniques have proved to be 

a powerful therapeutic tool. TBS has an advantage over other non-invasive brain 

stimulation protocols, especially in clinical practice, due to its short duration time and low 

intensity stimulus pulses.72 Several studies have demonstrated that reducing the 

excitability of the contralesional cortex with cTBS can improve motor outcome.62 

Furthermore, the first month post stroke is the ideal time window for neurorehabilitation. 

 

j. Can effects be managed? 

The exclusion criteria are described as such that patients with counterindications for TMS 

are not included. In addition, there are also multiple safety guidelines and questionnaires 

(for the use in clinical practice) available to fill in prior to the stimulation. The side-effects 

of rTMS are well described and very low. The TMS stimulation takes places in 

rehabilitation center De Hoogstraat, where the patients are hospitalized. If there is a rare 

case reporting side-effects, the treating physician will be informed and asked to treat this 

patient. 

 

11.2 Synthesis 

Sensorimotor function testing and upper limb training are not accompanied by any side 

effects. During MRI, patients may experience claustrophobic feelings. 

 

The occurrence of seizures, the most serious acute TMS-related side effect, has been 

reported, but especially before the implementation of safety guidelines. Safety and ethical 

guidelines have been made during consensus conferences for TMS stimulation in 

therapeutics and academic goals. 51, 85 The risk of TMS-induced seizures is very low, with 

regard to the large amount of participants and patients who have undergone rTMS 

stimulation. Seizures are only reported during or immediately after trains of rTMS, not 
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during the aftereffects.51, 95 TBS induced seizure has only occurred once in more than 

4500 sessions, resulting in a crude risk of approximately 0.02%. In other high frequency 

rTMS protocols the reported seizure rate is less than 0.1%.58 

 

The most common reported adverse events in TBS are almost the same as the ones 

reported in rTMS, namely transient headache and neck pain. Up to 40% of the patients 

undergoing rTMS reported these adverse events, in contrast to (less than) 3% of the 

patients receiving TBS.51, 58 

 

Concluding, the risks of side effects during and immediately after TBS are negligible. The 

reported headache and neck pain were temporary and not harmful. This is doable given 

the potential informative gains from this study. Furthermore, there are multiple safety 

guidelines available, a consensus-based screening questionnaire (prior to stimulation), 

strict in- and exclusion criteria for a complete overview.58, 85 
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1. Aim of the study 
 
Despite therapies in the acute phase of stroke, many patients are left with long-term 
impairment of upper limb function. The B-STARS trial is a randomized sham-controlled 
clinical trial that investigates whether contralesional inhibitory TMS treatment started in the 
first three weeks after stroke onset improves upper limb function in patients with arm 
weakness. 
 
 

2. Study design 
 
The B-STARS study is a randomized, sham-controlled clinical trial with a single-blind 
intervention and a double-blind primary outcome evaluation. Patients were randomly 
assigned to ten daily sessions of a variant of inhibitory Transcranial Magnetic Stimulation 
(TMS), i.e. continuous Theta Burst Stimulation (cTBS), or sham cTBS, of the contralesional 
primary motor cortex, in addition to standard rehabilitation therapy. Patients were stratified 
in a high performance group if they were able to voluntarily extend one or more fingers, or 
in a low performance group if they could not (Kwakkel et al. 2016). The study protocol has 
been published (van Lieshout et al. 2017).  
 
The primary outcome is the change in the action research arm test (ARAT) score between 
the baseline measurement and 3 months post-stroke, based on recommendations by the 
Stroke Recovery and Rehabilitation Roundtable (SRRR)(Kwakkel et al. 2017) and the 
international classification of functioning, disability and health (ICF) framework(Stucki et al. 
2002). The primary outcome measure is assessed by a non-treating rater, blinded to 
treatment allocation.  
 
A sample of 56 patients was required to reliably determine a treatment effect with an effect 
size of 0.55(Hsu et al. 2012) with statistical power of 0.8 and alpha of 0.05.  A sample of 60 
patients, with 30 patients per group, was used in order to account for loss to follow-up. The 
minimal clinically important difference (MCID) was set at 6 points on the ARAT, in 
correspondence with previous clinical studies(Kwakkel et al. 2016). 
 

3. Analysis population 
 
The primary analysis will be performed on the intention-to-treat (ITT) population.  
 
A secondary sensitivity analysis will be performed on the per-protocol population, which will 
exclude patients with protocol violations, and patients in whom the primary endpoint could 
not be reliably assessed.  
 

4. Data and statistical analysis 
 

4.1. Handling of missing data 
Missing data in the ITT population will be imputed using multiple imputations. Ten rounds of 
imputations will be performed on the complete dataset including additional time points: 



immediately post treatment (T1); 1 week after treatment (T2) and 1 month after treatment 
(T3). ARAT scores will be imputed and the ARAT scores of patients in the sham group, 
patient, sex, age, stroke severity, stroke type and session will be used as predictors in the 
imputation model.  
Missing data in the per-protocol population will not be imputed.  
 

4.2. Quality control 
Prior to unblinding, all data will be checked and potential errors will be corrected if needed. 
In addition, full analyses will be run based on dummy randomization codes.  
 

5. Planned analyses 
Statistical analyses will be performed in SPSS 26.  

 
5.1. Retention 

A flow diagram will be constructed, reporting the number of patients who were randomized 
and treated, and who completed follow-up by treatment group.  
 

5.2. Baseline data 
Baseline characteristics will be reported per treatment group without statistical testing 
between groups. Baseline characteristics will be reported according to available data and 
recommendations of the SRRR, which include: Sex, age, race, education, risk factors, acute 
intervention, lesion type, lesion location, impaired side, stroke severity and baseline motor 
function (Fugl-Meyer (FM)), activity (ARAT, Stroke Upper Limb Capacity Scale (SULCS), 
Barthel Index (BI), Jebsen Taylor Test (JTT) and Nine Hole Peg Test (NHPT)), as well as 
participation (Modified Rankin Scale (MRS), Stroke Impact Scale (SIS), EuroQol-5Dimensions 
added cognition (EQ-5D+). In addition, we provide baseline characteristics on the timing of 
the TMS intervention, the hospital anxiety and depression scale (HADS), motor-evoked 
potential presence and the resting motor threshold. 
 

5.3. Analysis of primary outcome 
The primary outcome is the change in ARAT score between baseline and 3 month post-
stroke. The primary outcome will be analyzed between the two treatment groups, using an 
analysis of covariance (ANCOVA) with the change in ARAT score between baseline and 3 
months post-stroke as the dependent variable, and treatment group (0 = sham, 1 = placebo), 
baseline ARAT score and stratification (0 = low performance, 1 = high performance) as 
covariates. The main hypothesis will be tested 2-tailed with an alpha of 0.05. Normality of 
the residuals will be checked. In case of non-normality, Poisson regression will be used. 
 
A sensitivity analysis will be performed on the per-protocol population with the same 
statistical methodology.  
 

5.4. Analysis of secondary outcomes 
The secondary outcomes are the change between baseline and 3 months post-stroke in each 
of the two treatment groups on the following scores: FM, SULCS, BI, JTT, NHPT, MRS, SIS and 
the EQ-5D+. These scores will be evaluated an analysis of covariance (ANCOVA) with the 
score at 3 months post-stroke as the dependent variable, treatment group as fixed factor 
and baseline score as covariate. Normality of the residuals will be checked. In case of non-



normality, Poisson regression will be used. All hypothesis will be tested 2-tailed with an 
alpha of 0.05.  
 

5.5. Adverse events 
Occurrences of (serious) adverse events will be reported per treatment group and compared 
between groups with Fisher’s exact tests. Hypotheses will be tested 2-tailed with an alpha of 
0.05. 
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