Therapeutic trial
of repetitive
transcranial magnetic
stimulation after
acute ischemic stroke

Abstract: Repetitive transcranial magnetic stimulation (rTMS) or sham stimulation was given over the motor cortex daily for 10 days to two randomly
assigned groups of 26 patients with acute ischemic stroke. Patients otherwise
continued their normal treatment. Disability scales measured before rTMS, at
the end of the last rTMS session, and 10 days later showed that real rTMS
improved patients’ scores more than sham.
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Repetitive transcranial magnetic stimulation (rTMS)
can have long-term after effects on the excitability of
the cerebral cortex. Potential therapeutic uses have
been explored in many conditions including depression and movement disorders with varying degrees
of success.1 However, there are few studies of patients after stroke. One report showed transient improvement of hand motor function after a single
session of anodal transcranial direct current stimulation (TDCS) over motor cortex.2 The current study
was a preliminary investigation of the possible effects of repeated daily motor cortex rTMS on recovery of movement in patients with hemiplegia. We
reasoned that it might improve motor performance
in two ways: first, by increasing excitability of remaining pathways from the damaged hemisphere
and second, by improving the response of patients to
standard therapy.
Given its possible dual action, we applied rTMS at
the same time every day for 10 days while patients
continued to receive their normal therapy. To maximize patient recruitment and compliance, we studied
patients during their initial hospital admission
within the first 2 weeks of the stroke. Although functional recovery is not stable until several months
after a stroke, early intervention might maximize
the potential benefit. In addition, if rTMS has any
significant effect on recovery at this stage, it would
have the practical benefit of allowing patients to be
discharged home earlier than expected.
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Methods. Fifty-two right-handed patients (36 men and 16
women) at the Assiut Stroke Unit were recruited between the fifth
and tenth day post-stroke with informed consent and ethical approval from January 2002 to March 2003. Inclusion criteria were
acute hemiplegia with single thromboembolic nonhemorrhagic infarction documented by CT in the distribution of middle cerebral
artery. Exclusion criteria were head injury or neurologic disease
other than stroke, unstable cardiac dysrhythmia, and previous
administration of tranquilizer. Patients who were unable to give
informed consent because of severe aphasia, anosognosia, or cognitive deficit were not included.
Scandinavian Stroke Scale (SSS), NIH Stroke Scale (NIHSS),
Barthel Index scale (BI), resting motor threshold (RMT) of healthy
side, and motor evoked potentials (MEPs) of healthy and hemiplegic sides were used to assess patients before and after treatment.
All patients received standard physical and medical therapies
(passive limb manipulation from the second day, increasing by the
end of the first week to more active movements if patients improved function) plus anticoagulant low molecular weight heparin
in the first week and then aspirin and notropic drugs.
RMT and the motor “hot spot” of the abductor digiti minimi
(ADM) muscles were evaluated according to the recommendations
of the International Federation of Clinical Neurophysiology3 using
surface EMG monitoring. TMS was delivered through a figure-ofeight coil (9-cm outer wing diameter, 1.5-T maximum output) attached to a Mag-Lite stimulator held tangentially to the scalp
with the junction region approximately perpendicular to the line
of the central sulcus. rTMS was applied over the ADM area of
the stroke hemisphere using an intensity of 120% RMT of the
nonstroke hemisphere. If MEPs were absent to stimulation of the
stroke hemisphere, the motor ⬙hot spot⬙ was defined as being
symmetric to the nonstroke hemisphere. If MEPs appeared during
recovery, the optimal site for stimulation of the stroke hemisphere
was reidentified.
rTMS (daily at noon) consisted of ten 10-second trains of 3-Hz
stimulation with 50 seconds between each train. Sham rTMS with
the same parameters was applied with the coil angled away from
the head to reproduce the noise of the stimulation as well as some
local sensation. Patients were randomly assigned to real or sham
rTMS. Because the patients had never experienced rTMS, they
did not know whether they were receiving real or sham rTMS.
During rTMS, all patients wore earplugs.
Patients were followed up after the tenth session, and 10 days
after the last session using the three clinical rating scales plus
measures of MEPs evoked in muscles on the hemiplegic side.
Evaluation was performed by a neurologist who was blind to the
type of rTMS treatment that the patients had received.
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Results. All patients completed the protocols, and there
were no side effects of rTMS except occasional mild headache. Table 1 gives clinical details; patients’ motor scores
at each evaluation are plotted in the figure. Two-factor
analyses of variance of each of the scales revealed a time ⫻
treatment interaction (F1,1.3 ⫽ 16.1, p ⬍ 0.0001 for SSS;
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Table 1 Clinical details of patients

No. (M/F)

Real rTMS

Sham rTMS

19/7

17/9

Side of stroke (R/L)

12/14

12/14

Age mean ( SD), y

53.5 (9.5)

52.2 (8.4)

Time after stroke of first
assessment mean ( SD), d

7.1 (1.4)

7.3 (1.5)

Barthel Score mean (SD)

28 (11)

33 (13)

Scandinavian Stroke Scale mean (SD)

28 (7)

31 (7)

NIH Stroke Scale mean (SD)

12 (2)

12 (4)

No MEP at first assessment

12

9

8/12/6

7/14/5

Type of stroke*
(cortical/subcortical/massive)

* Based on CT findings, a lesion was classified as cortical if it
involved cortical structures; subcortical if it involved the corona
radiata, thalamus, or internal capsule; and massive if it involved both cortical and subcortical structures (complete middle
cerebral artery territory infarction).
MEP ⫽ motor evoked potential.

F1,2 ⫽ 26.4, p ⬍ 0.0001 for NIHSS; F1,1.4 ⫽ 26.8, p ⬍
0.0001 for BI ). This was because real rTMS produced a
greater improvement than sham rTMS.
A stratified analysis (table 2) showed that real rTMS
led to a higher percentage of independent patients (BI
ⱕ75)4 and a higher percentage of patients having only mild
(SSS 50 to 58)5 disability by the time of the third assessment. Eleven patients with massive infarcts (six real
rTMS, five sham rTMS) had the worst improvement and
were unaffected by rTMS.
Just less than half of the patients in each group had no
response to single-pulse TMS over the affected hemisphere
at presentation. A larger number of patients in the real
rTMS group (from 14 to 21) recovered MEPs by the time of
the last assessment, but this was not significantly different from the sham group (from 17 to 18). There was no
correlation between clinical recovery and changes in MEP.

Discussion. This study shows that 10 consecutive
days of rTMS employed as an add-on intervention to
normal physical and drug therapies improves immediate clinical outcome in early stroke patients. It is
consistent with previous observations from animal
models of stroke,6 as well as in a single human patient, which have reported beneficial effects of motor
cortex stimulation through electrodes implanted for
long-term therapy.7 The data extend the previous
report of transient improvement in hand function
after a single session of 10 minutes of TDCS.2
The parameters that we chose for rTMS were governed by three considerations. First, given the increased risk of seizures after stroke, we chose rTMS
parameters that were well within current safety
guidelines.8 Second, to influence as much of the remaining intact tissue as possible, we employed a
stimulus intensity of 120% RMT, which can spread
as much as 2 to 3 cm from the coil in healthy subjects. Third, to increase excitability of remaining mo-

Figure. Changes in mean (⫾ SD) clinical scores at the
three assessment points for the two groups of patients. The
first assessment was immediately before commencing repetitive transcranial magnetic stimulation (rTMS) treatment, the second assessment was immediately after the
last (tenth) session of rTMS, and the third assessment was
10 days later. (A) Data from the Scandinavian Stroke
Scale. (B) Data from the NIH Stroke Scale. (C) Data from
the Barthel scores. Filled circles show data from real
rTMS group; open squares show data from sham treatment group. Improvement was greater in the real rTMS
group for all three scores.

tor areas, we used a relatively high frequency of
rTMS. Our concern for safety made us choose a frequency of 3 Hz. Despite the absence of side effects of
rTMS in this series, EEG would be an important
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Table 2 The outcomes of patients receiving real and sham rTMS
according to Barthel Index Scale and Scandinavian Stroke Scale
rTMS

Sham

p value (2)

0.0175

Barthel Index
Good-excellent
outcome ⬎75

9 (34.6%)

2 (7.7%)

Moderate-severe
disability ⱕ75

17 (65.4%)

24 (92.3%)

References

Scandinavian
Stroke Scale
Mild disability
ⱕ50

13 (50%)

5 (19.2%)

Severe disability
⬎50

13 (50%)

21 (80.8%)

0.019

rTMS ⫽ repetitive transcranial magnetic stimulation.

monitor to include in future studies to warn of possible seizure onset.
Several factors could contribute to the improvement after rTMS. The fact that MEPs from the affected hemisphere tended to improve more in the
real rTMS group suggests that part of the effect may
have been related to increased excitability of the corticospinal system. However, all patients received
their normal therapy; rTMS may have increased the
motor system response to treatment because of an
effect on mechanisms of cortical plasticity. Future
studies with dual-pulse TMS methods could be used
to examine changes in intracortical circuitry.9 Alternatively, there may have been indirect effects of
rTMS in reducing patients’ depression, thereby increasing compliance with treatment. We did not
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score depression in this series, but this would be an
important feature to include in future studies. Another possibility is that rTMS increased release of
dopamine in the striatum,10 and this could have contributed to our results. The short follow-up time
means that we cannot comment on whether the benefit is sustained, but we hope to address this in future studies.
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