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Abstract

Low-frequency repetitive transcranial magnetic stimulation (rTMS) of the unaffected hemisphere 

can enhance function of the paretic hand in patients with mild motor impairment. Effects of low-

frequency rTMS to the contralesional motor cortex at an early stage of mild to severe hemiparesis 

after stroke are unknown. In this pilot, randomized, double-blind clinical trial we compared the 

effects of low-frequency rTMS or sham rTMS as add-on therapies to outpatient customary 

rehabilitation, in 30 patients within 5–45 days after ischemic stroke, and mild to severe hand 

paresis. The primary feasibility outcome was compliance with the interventions. The primary 

safety outcome was the proportion of intervention-related adverse events. Performance of the 

paretic hand in the Jebsen–Taylor test and pinch strength were secondary outcomes. Outcomes 

were assessed at baseline, after ten sessions of treatment administered over 2 weeks and at 1 

month after end of treatment. Baseline clinical features were comparable across groups. For the 

primary feasibility outcome, compliance with treatment was 100% in the active group and 94% in 

the sham group. There were no serious intervention-related adverse events. There were significant 

improvements in performance in the Jebsen–Taylor test (mean, 12.3% 1 month after treatment) 

and pinch force (mean, 0.5 Newtons) in the active group, but not in the sham group. Low-

frequency rTMS to the contralesional motor cortex early after stroke is feasible, safe and 

potentially effective to improve function of the paretic hand, in patients with mild to severe 

hemiparesis. These promising results will be valuable to design larger randomized clinical trials.
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Introduction

Up to 65% of stroke survivors are not able to perform activities of daily living with the 

affected upper limb [1]. Even mild motor impairments of the upper limb negatively impact 

disability and quality of life in these patients [2]. A systematic review concluded that arm 

function can be improved by constraint-induced movement therapy, but no intervention was 

found to consistently decrease hand disability [3].

According to the model of interhemispheric competition, excessive inhibition of the lesioned 

hemisphere by the contralesional hemisphere may contribute to hand motor impairment in 

patients with mild motor deficits [4, 5]. Repetitive transcranial magnetic stimulation (rTMS) 

has emerged as a potential tool to restore interhemispheric balance and improve hand motor 

performance. While high-frequency rTMS (HF-rTMS) often increases M1 excitability, low-
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frequency rTMS (LF-rTMS) has the opposite effect [5, 6]. Up-regulation of excitability in 

the lesioned hemisphere by HF-rTMS or down-regulation of the contralesional hemisphere 

by LF-rTMS can facilitate movement of the paretic hand [6]. Both strategies, as well as their 

combination, have yielded encouraging results when applied to patients with mild hand 

motor impairment in the subacute and chronic stages after stroke [5–11].

However, until now few studies had targeted patients with moderate to severe hand motor 

impairment within the first months after stroke, and all of them applied HF-rTMS to the 

affected hemisphere [8, 12]. Furthermore, most rTMS studies excluded patients <6 months 

after stroke even though responsiveness to rehabilitation interventions is less prominent and 

less likely to occur in the chronic phase, compared to early stages [13].

Optimal timing and dosing of rehabilitation interventions are yet unresolved issues. For 

instance, high-intensity constraint-induced therapy, known to enhance activity in the 

lesioned hemisphere [14, 15] led to less improvement in upper extremity function compared 

to traditional therapy or low-intensity constraint-induced therapy, when administered early 

after stroke in the VECTORS study [16]. It has been argued that excessive disinhibition of 

the lesioned hemisphere early after stroke may be harmful [17, 18].

Here, we wanted to evaluate whether LF-rTMS of the contralesional hemisphere early after 

stroke is safe. We examined feasibility, safety, and preliminary efficacy of either active or 

sham LF-rTMS of the contralesional motor cortex as add-on therapies to outpatient 

customary rehabilitation, to patients with mild to severe hand paresis, at an early stage 

within 5–45 days after unilateral ischemic stroke.

Methods

Study design

In this pilot, randomized, double-blinded clinical trial we compared the feasibility, safety, 

and efficacy of either LF-rTMS of the contralesional hemisphere or sham rTMS as add-on 

therapies to outpatient customary rehabilitation, in patients within 5–45 days after stroke and 

mild to severe hand paresis (Medical Research Council scale, 4-0 in finger flexion or 

extension). This period is within the second epoch of post-stroke brain changes, at which 

most repair processes occur and during which most spontaneous behavior recovery is seen 

[19].

Participants

Patients aged 18–80 years, with ischemic stroke in the internal carotid artery territory within 

5–45 days, confirmed by CT or MRI and leading to contralateral hand paresis, were eligible 

for the study. Exclusion criteria were: previous symptomatic strokes; contraindications to 

rTMS [20]; other neurological or severe chronic diseases; shoulder pain; joint deformity in 

the paretic upper limb; use of drugs that might interfere on cortical excitability [21]; 

inability to provide informed consent due to severe language or cognitive impairment. The 

protocol was approved by the local ethics committee and was therefore performed in 

accordance with the ethical standards laid down in the 1964 Declaration of Helsinki. 
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Informed consent was provided by patients or, for patients who could not write, by 

caregivers.

Baseline measures

The following characteristics were evaluated at baseline: age, gender, handedness [22], time 

from stroke, NIH Stroke Scale [23], infarct side/location. Infarcts were classified as cortico-

subcortical or subcortical according to presence or absence of involvement of primary motor, 

primary somatosensory, supplementary motor, or premotor cortices on MRI (n = 28) or CT 

(n = 2).

Experimental design

Randomization, allocation concealment, and blinding—Patients were randomly 

assigned in blocks by the principal investigator with a basic random number computerized 

generator in a 1:1 ratio to receive, immediately before each 60-min rehabilitation treatment, 

either active or sham rTMS, five times per week, during 2 weeks (total, ten treatment 

sessions). The number of treatment sessions was the same described in a study that 

administered HF-rTMS to the lesioned hemisphere early after stroke [12].

This investigation was performed at Hospital das Clínicas/University of São Paulo on 

patients undergoing customary rehabilitative treatment for the appropriate stage of their 

diseases previously described [24] and administered by physical therapists blinded to the 

type of rTMS intervention. The same therapists evaluated behavioral endpoints. Patients 

were not aware of group assignment. To ensure anonymity, information about randomization 

and rTMS procedures was kept in printed and electronic formats in a locked cabinet, 

accessed only by researchers who performed rTMS. Patients did not discuss their experience 

during rTMS with therapists, or among each other.

rTMS interventions—In each treatment session, the optimal site of motor stimulation of 

the contralesional hemisphere was defined as the location where TMS elicited the largest 

motor evoked potentials (MEPs) in the nonparetic abductor pollicis brevis muscle (APB) 

with surface electrodes. The signal was amplified and filtered (10 Hz to 2 kHz) with an 

electromyography and evoked potential measuring unit (MEB-9104J, Nihon Kohden, 

Japan). Resting motor threshold was defined as the lowest intensity of TMS that evoked 

MEPs of at least 50 μV amplitude in the non-paretic abductor pollicis brevis muscle in at 

least 3/6 trials [25].

In both groups, 1 Hz rTMS was administered with a figure-of-eight coil (MCF B-65) at 90% 

of the nonparetic abductor pollicis brevis muscle resting motor threshold with a biphasic 

MagPro Compact stimulator (Alpine Biomed), for 25 min (1,500 pulses). These parameters 

led to increase in pinch acceleration of the paretic hand and decrease in interhemispheric 

inhibition from the contralesional hemisphere to the lesioned hemisphere when applied in 

patients in the chronic phase after stroke [7].

In the active group, the TMS coil was tangentially positioned to the scalp on the optimal site 

for the nonparetic APB in the contralesional hemisphere with the intersection of both wings 

at a 45° angle with the midline. In the sham group, the coil was held perpendicularly to the 
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vertex. Patients were comfortably seated, wore earplugs, and were instructed to remain at 

rest during TMS.

Outcome measures

Primary outcome measures—The co-primary outcome measures were feasibility and 

safety. Therefore, the primary feasibility outcome was compliance with the interventions, 

measured by (number of planned sessions of treatment/number of attended sessions) × 100 

(%).

The primary safety outcome was the proportion of intervention-related adverse events in the 

active and sham groups. After each treatment session, patients were asked about the 

presence of each of the following: headache or local pain under the coil, neck pain, 

dizziness, paresthesias, and sleepiness. Investigators also observed patients for the presence 

of seizures, syncope or behavioral changes, during treatment and 1 hour after treatment. 

Adverse events were registered in a log, at each treatment session. Heart rate, systolic and 

diastolic blood pressures were measured before and after each treatment session.

Secondary outcome measures—Efficacy, a secondary outcome measure, was 

evaluated with the Jebsen–Taylor test (JTT), that scores the time (in seconds) required to 

perform tasks that resemble daily life activities: picking up small objects, stacking checkers, 

among others [26]. The sentence writing task was not included in the score to avoid bias in 

evaluation of patients with language impairments. JTT is a commonly used scale in stroke 

rehabilitation studies, with moderate responsiveness to change in the first months after 

stroke [27–29]. The outcome was the JTT performance of the paretic upper limb (JTTper), 

compared to the nonparetic limb, and calculated as the percentage: (affected arm/unaffected 

arm) × 100. This calculation was implemented to characterize performance (0%) in patients 

with upper limb plegia who were not able to perform any of the JTT tasks at baseline, and 

thus whose performance could not be quantified in seconds.

Other secondary outcomes were: force of the lateral pinch of paretic hand, measured with a 

digital dynamometer (Kratos, São Paulo, Brazil) while the elbow was stabilized in extension 

by a splint [30]; Fugl-Meyer Assessment of Sensorimotor Recovery after stroke (sum of 

scores for the upper limb: passive range of motion, 24; joint pain, 24; sensation, 12; motor 

performance, 66; maximum score for the upper limb = 126) [31]; Ashworth Scale (median 

of elbow, wrist and fingers) [32] and modified Rankin scale (MRS) [23]. Clinical outcomes 

were assessed at baseline, after ten sessions of treatment administered over 2 weeks and at 1 

month after end of treatment.

Sample size was not formally determined because this was a “hypothesis-generating” project 

carried out with the purpose of generating a power analysis for a more advanced 

investigation.

Analysis

Data are presented as mean (±standard deviation) or as median (range). Baseline 

characteristics were compared with the Mann–Whitney test or with the Fisher’s exact test. 

The Mann–Whitney test was also used to compare the number of tasks performed during 

Conforto et al. Page 5

J Neurol. Author manuscript; available in PMC 2016 May 27.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



rehabilitation therapy between the active and sham groups, as well as compliance with 

treatment in the active and sham groups. Rates of adverse events in each group were 

compared with Fisher’s exact tests. Changes in heart rate, systolic and diastolic blood 

pressures in each treatment session were compared, from the first through the tenth session 

of treatment in each group, with Friedman’s analysis of variance.

Secondary outcomes were also compared with per-protocol Friedman’s analysis of variance 

in the active and sham groups, given the pilot nature of this study. A 2-sided p value of 0.05 

was considered statistically significant. Post hoc Wilcoxon tests with Bonferroni corrections 

were performed and a 2-sided p value of 0.017 was considered statistically significant for 

post hoc analysis. We chose the Friedman’s test over parametric tests due to the sample size 

and the pilot nature of this study.

Effect sizes for outcomes that improved significantly in only one of the groups were 

calculated as the ratio between the mean absolute change after treatment and the standard 

deviation at baseline [33]. SPSS (versions 10 and 16) software was used for statistical 

analysis.

Results

Between February 2008 and December 2010, 608 patients with ischemic stroke were 

screened for the study and 30 (4.7%) fulfilled inclusion criteria (Fig. 1). The main reason for 

exclusion was history of previous stroke.

Fifteen patients were randomized to each group. There were no significant baseline 

differences between the two groups (Table 1), or differences between the number of tasks 

performed in the active group (median, 125.5; range, 82–174) and in the sham group 

(median, 121; range, 10–137) during therapy (p = 0.19).

Primary outcome measures: feasibility and safety

For the primary feasibility outcome, compliance with treatment was 100% in the active 

group and 94% in the sham group. One patient in the sham group had a recurrent stroke on 

the day before the second session. He was a 69-year old man with history of arterial 

hypertension, diabetes mellitus and hypercholesterolemia. In this patient, magnetic 

resonance angiography showed widespread intracranial atherosclerosis, known to be 

associated with a high risk of recurrent stroke [34].

There were no serious intervention-related adverse events. There were no significant 

differences in rates of sleepiness (86.7%, active and 78.6%, sham; p = 0.65) or headache, 

local or nuchal pain (33.3%, active and 28.6%, sham; p = 1.0) between the groups. Head or 

nuchal pain were mild and subsided spontaneously after a few minutes. None of the patients 

reported dizziness or paresthesias. No syncopes or seizures were observed. There were no 

significant differences in systolic (active group, p = 0.46; sham group, p = 0.21) or diastolic 

blood pressure (active group, p = 0.26; sham group, p = 0.96), and heart rate (active group, p 
= 0.76; sham group, p = 0.32), along the ten sessions of treatment (Online Resource 1).
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Secondary outcome measures

JTTper improved significantly in the active group but not in the sham group (p = 0.46) (Table 

2). Post hoc analysis showed that, in the active group, improvement was significant at the 

end of treatment compared to baseline (p = 0.05) and at 1 month after treatment compared to 

baseline (p = 0.01). At 1 month, patients in the active group had an absolute improvement of 

12.3 ± 16.9% in performance compared to baseline and patients in the sham group, 5.5 

± 10.3%. In the active group, JTTper effect sizes were 0.16 at end of treatment and 0.36 at 1 

month after end of treatment. In the sham group, effect sizes were 0.05 at end of treatment 

and 0.14 one month after end of treatment. A power analysis (1-tailed t test, α = 0.05, β = 

0.2) indicated that 49 subjects per group would be needed to detect the difference between 

the groups 1 month after end of treatment.

At baseline, five patients in each group presented hand plegia. One month after treatment, 

3/5 patients from the active group, but none from the sham group, were able to perform hand 

movements. Post hoc analysis of JTT scores (in seconds) in the unaffected hand showed a 

trend for improvement that did not reach statistical significance in either active (p = 0.07) or 

sham (p = 0.06) groups (Online Resource 2).

Table 2 shows results of other secondary outcomes. Force of the paretic hand improved 

significantly in the active group (p = 0.008) but not in the sham group (p = 0.44). There was 

a trend towards improvement at 1 month after treatment compared to baseline (p = 0.02) in 

the active group. Effect size was 0.24 in the active group and 0.17 in the sham group at 1 

month.

Ashworth scores did not change significantly in either group (Table 2). All other outcomes 

improved significantly in both groups.

Discussion

The development of interventions able to enhance hand motor function when administered 

early after stroke has been a challenge. Effects of LF-rTMS early after stroke in patients in 

deepest need of rehabilitative treatment had not yet been determined. In the present study, 

including patients with severe motor impairments within 5–45 days post-stroke, LF-rTMS of 

the contralesional hemisphere in combination with customary rehabilitation was well 

tolerated, feasible, and safe. Moreover, the ability to perform tasks related to activities of 

daily living and force of the paretic hand improved significantly in patients that received 

active, but not sham LF-rTMS. Beneficial effects of LF-rTMS lasted for at least 1 month 

after treatment. The magnitude of improvement in JTTper was 2.2 times greater in the active 

group compared to the sham group. The effect size was moderate at 1 month in the active 

group, but small in the sham group.

Our results build upon previous studies that administered five or ten sessions of LF-rTMS at 

earlier (7–20 days, average 6.5 days) [10] or later stages (2.3–13.5 months, average 6.5 

months) [11] following stroke. These studies included patients who were able to perform 

grip or finger tapping movements with the paretic hand at baseline, and therefore did not 

have severe motor impairments. Our results are not directly comparable with those of the 
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VECTORS study that included more severely affected patients, due to different outcomes 

and inclusion/exclusion criteria [16]. Still, the favorable safety profile of LF-rTMS and the 

beneficial effects on hand motor function in our patients encourage the careful design of 

larger clinical trials to further address efficacy of this treatment relatively early after stroke, 

extending to more severely affected patients under the criteria used in this study.

There were no significant differences in side effects between the active and sham groups. 

Sleepiness significantly increased in most of the patients, probably because of the 

monotonous nature of the active and sham LF-rTMS interventions.

The comparable Ashworth scores suggest that the changes in JTTper and pinch force in the 

active group were not merely related to decrease in spasticity, but to improvement in motor 

control. We found no evidence that inhibition of the contralesional hemisphere may have led 

to deterioration in JTT performance in the nonparetic hand, an issue not yet explored in 

previous reports.

In our study, both groups improved in Fugl-Meyer and MRS scores at end of treatment and 1 

month later. It is not surprising that the sham group improved significantly at this early 

stage, because motor and functional improvements evolve dynamically during the first 

weeks after stroke [19]. In contrast, greater improvements in MRS scores were described in 

patients with less severe motor impairments that received active LF-rTMS, compared to 

sham [11]. This may be due to differences between patients’ characteristics or paradigms of 

rTMS [11]. Future studies should evaluate improvements in MRS and quality of life 

outcomes in the long-term, in patients more severely affected and treated early after stroke.

Mechanisms underlying benefits of LF-rTMS of the contralesional hemisphere in humans 

are not completely elucidated. Previous studies suggest the involvement of disinhibition of 

surviving neurons in perilesional areas related to a decrease in interhemispheric inhibition 

from the contralesional to the lesioned hemisphere [35]. The concept that disinhibition of 

perilesional areas early after stroke favors recovery is supported by the finding that, in mice, 

down-regulation of excessive GABAergic inhibition in the peri-infarct zone is associated 

with greater motor recovery [36]. Whether benefits of LF-rTMS of the contralesional 

hemisphere are restricted to patients with viable neurons in M1, similarly to results 

described after HF-rTMS of the lesioned hemisphere [37], remains to be determined. 

Furthermore, development of neuroimaging and/or TMS surrogate measures [38] to identify 

patients more likely to benefit from LF-rTMS, as well as fine adjustments in duration, 

intensity and number of sessions of rTMS according to different stages after stroke, in 

patients with different levels of impairment and corticospinal tract involvement [39] would 

be valuable to plan larger multicenter trials.

A limitation of the present study is the small number of screened patients that fulfilled 

inclusion criteria (4.7%), mainly because of history of previous strokes. This is a common 

issue in stroke rehabilitation, particularly in developing countries [40, 41].

Thrombolysis and multidisciplinary care in stroke units in the acute phase substantially 

changed stroke care and outcomes. Plastic processes that continue to occur during the first 

weeks and months after stroke offer a window of opportunity for therapies aimed at boosting 
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effective connections in preserved tissue and improving functional outcomes [19]. The 

results of this pilot study point to LF-rTMS of the unaffected hemisphere within the first 45 

days after stroke as a putative candidate intervention to improve hand motor function. 

Moreover, they encourage implementation of larger scale randomized trials to determine 

whether low-frequency repetitive transcranial magnetic stimulation of the unaffected 

hemisphere can help change the outcome of stroke disability for more severely affected 

patients.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Fig. 1. 
Flow diagram of patients through the trial
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Table 1

Characteristics of the patients

Characteristics Active Sham p value

Age (years) 54.8 ± 11.7 56.7 ± 14.8 0.376a

Gender (men/women) 10/5 8/7 0.710b

Oldfield handedness inventory (%) 85.6 ± 19.3 76.2 ± 36.2 0.801c

Time from stroke (days) 27 ± 8.6 28.3 ± 10.5 0.529a

Affected hemisphere (right/left) 8/7 7/8 1.0b

Lesion location (cortico-subcortical/subcortical) 7/8 7/8 1.0b

NIH Stroke Scale 5 (3–11) 5 (1–11) 0.753c

Modified Ashworth Scale 0 (0–2) 0 (0–3) 0.067c

JTT (% affected hand/unaffected hand) 40.7 ± 35.7 44.4 ± 39.4 0.673c

Pinch force, paretic hand (Newtons) 0.29 ± 0.23 0.29 ± 0.27 0.926c

Fugl-Meyer (total score for the upper limb) 108 (61–123) 102 (50–119) 0.561c

Modified Rankin scale 3 (2–4) 3 (0–4) 0.580c

Means ± standard deviations, counts or medians (ranges) are given

JTT Jebsen–Taylor test

a
Paired t test

b
Fisher’s exact test

c
Mann–Whitney test
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