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ABSTRACT

Low-frequency repetitive transcranial magnetic stimulation (LF-rTMS) applied to the non-lesional hemisphere is re-
ported to significantly improve motor function of the affected upper limb in adult stroke patients with hemiparesis. For
pediatric stroke patients, the beneficial effects of LF-rTMS have been already confirmed in a randomized controlled
study. However, there is no report of therapeutic application of high-frequency rTMS (HF-rTMS) in this patient popula-
tion. In this case series study, we introduced HF-rTM S combined with intensive occupational therapy (OT) in two pedi-
atric hemiparetic patients. We studied two children (8- and 9-year-old boys, both right-handed) with post-stroke upper
limb hemiparesis (chronic phase). Both patients underwent 22 treatment sessions of HF-rTMS/OT during 15-day hos-
pitalization. The HF-rTMS was applied over the lesional motor cortex at a frequency of 10Hz for 15 minutes in each
session. One session of intensive OT consisted of 30-min one-to-one training and 30-min self-exercise. Motor function
of the affected upper limb was seridly evaluated with Fugl-Meyer Assessment (FMA), Wolf Motor Function Test
(WMFT), Simple Test for Evaluating hand Function (STEF), and Ten-second Test. Neither of the patients showed any
adverse effects. Both patients showed improvement of motor function in the affected upper limb and were able to use
the affected upper limb in some activities of daily living. In the two post-stroke pediatric patients, HF-rTMS/OT was
safe and improved upper limb muscle function. Confirmation of these effectsin alarger population is needed.

Keywords: Pediatric Stroke; Repetitive Transcranial Magnetic Stimulation; Occupational Therapy; Upper Limb
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1. Introduction

Pediatric stroke is not a common disease compared with
adult stroke. The annual incidence rate of pediatric stroke
is estimated to be 2.4/100,000 in the United States [1].
While the leading cause of adult strokeis arteriosclerosis,
the underlying causes of pediatric stroke relate to rare
congenital abnormalities manifested as cardiovascular
disorders, prothrombotic disorders, arteriopathies and ce-
rebral arterial abnormalities rather than aging [2]. It
seems that the diagnosis and treatment of pediatric stroke
is often delayed, due to the uncommonness of the condi-
tion [3]. It has been reported that hemiparesis is the most
frequent symptom found in ischemic stroke in children
aged >1 year [4,5]. Functional impairment after stroke,
including hemiparesis, critically influences the activities
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of daily living (ADL) over the lifetime. The mgjority of
pediatric patients with post-stroke hemiparesis have dis-
abilities and reduced quality of life (QOL) [6]. Although
motor impairment after stroke can be expected to recover
more significantly in pediatric than in adult patients due
to differences in neuroplasticity, no effective therapy for
poststroke hemiparesis in pediatrics is available at pre-
sent.

In adult stroke, on the other hand, various therapeutic
interventions for post-stroke hemiparesis have been pro-
posed, and the efficacy of certain interventions has been
examined and aready confirmed in well-designed clini-
ca tria [7]. Recently, repetitive transcranial magnetic sti-
mulation (rTMS) has received attention based on its be-
neficia effect for post-stroke patients. The rTMSis a non-
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invasive technique of stimulation that modulates the
brain plasticity and leads to improvement of motor func-
tion. The rTMS has different effects on the brain when
applied at high- or low-frequency. At our department, the
combination of low-frequency rTMS (LF-rTMS) and in-
tensive occupational therapy (OT) has been used in adult
poststroke patients. This combined intervention is based
on the concept that massive training facilitates the deve-
lopment of beneficial functional reorganization when pro-
vided with rTMS to “precondition” the brain. A pilot stu-
dy of LF-rTMSOT showed that this combination treat-
ment is safe and can potentially improve motor deficit [8].
So far, however, only a few researchers have introduced
rTMS to pediatric patients as a therapeutic tool [9]. More-
over, there are no reports on the use of high-frequency
rTMS (HF-rTMS)/OT in pediatric hemiparetic patients.
The purpose of this case series study was to evauate the
safety, feasbility and efficacy of HF-rTMS combined with
intensive OT in two pediatric stroke patients with upper
limb hemiparesis.

2. Subjects

Two male pediatric patients with stroke and upper limb
hemiparesis were the subjects of this study. The clinical
characteristics of the patients are summarized in Table 1.
Both patients had mild upper limb hemiparesis caused by
cerebral infarction. The latency between stroke and this
study was more than two years. Patient 1 was right-han-
ded with left upper limb hemiparesis, whereas Patient 2
was right-handed with right upper limb hemiparesis. The
location of lesion, which was confirmed with non-con-
trasted brain CT, was right basal gangliain Patient 1 and
left posterior limb of the internal capsule in Patient 2.
None had any other neurological symptoms apart from
upper limb hemiparesis. Mental development and acade-
mic achievement were normal. None had history of epi-
lepsy. Furthermore, none had pathological conditions
known to be contraindication for rTMS according to the
guidelines of Wassermann [10].

The ethics committee of our university approved the
study protocol and informed consent was obtained from
the parents before study entry. Prior to the intervention,
we explained in detail to the patients and their parents the
purpose, method and risk of the intervention. The inter-
vention was applied during 15-day hospitalization at our
department as an in-patient treatment. One treatment ses-
sion consisted of high-frequency rTMS over the lesional
hemisphere followed by intensive OT comprising of one-
to-one training and self-exercise. Thus, during the hospi-
talization, 22 treatment sessions were provided for each
patient. The patients were frequently interviewed and exa-
mined for possible fatigue or adverse effects, throughout
the duration of hospitalization. In principle, the parents
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Table 1. Clinical characteristics of two studied patients.

Patient 1 Patient 2
Age at admission
8 9
(years)
Gender Male Mae
Time between onset of stroke 73 2

and treatment (months)
Type of stroke Cerebral infarction Cerebral infarction
Left PLIC

Mild (BRSfor
hand-fingers of 5)

Location of lesion Right BG

Mild (BRSfor

Severity of paresis hand-fingers of 5)

Side of the affected limb Left Right

Handedness Right-handed Right-handed

"BG: basal ganglia; PLIC: posterior limb of the internal capsule; BRS: Brun-
nstrom recovery stage.

were permitted to visit the patients and observe the reha-
bilitation program.

3. Methods
3.1. Application of rTMS

The rTMS was applied using a 70 mm figure 8 coil and
MagPro R30 stimulator (MagVenture Company, Farum,
Denmark). The patient was held in the sitting position
during the application of rTMS. In one rTMS session,
HF-rTMS (10 Hz) was applied to the lesiona hemisphere
over the primary motor areas for 15 minutes. In each 15-
minute session, intermittent 10-Hz rTMS was applied in
10-sec trains with 50-sec intervals between trains (total
1500 pulses). The optimal site of stimulation on the scalp
was defined as the location where the largest motor evo-
ked potentials (MEPs) in the first dorsal interosseous
(FDI) muscle of the affected upper limb was dlicited on
the surface electromyogram. The motor threshold (MT)
of FDI muscle of the affected upper limb was defined as
the lowest intensity of stimulation that could activate
MEPs of the muscle. The intensity of stimulation was set
at 90% of the measured MT of the FDI muscle.

3.2. Rehabilitative Program of Intensive OT

For adult stroke patients treated with rTMS, we devel-
oped intensive OT program consisting of 60-min one-to-
one training and 60-min self-exercise [8]. However, this
program seemed unsuitable for pediatric patients because
it is monotonous and long for children, and requires con-
tinuous concentration. Therefore, we modified the pro-
gram to 30-min one-to-one training and 30-min self-ex-
ercise to suit and be accepted by the pediatric patients.
The one-to-one training included shaping and repetitive
task practice techniques. During the self-training, the re-
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petitive task practice techniques were mainly performed
without supervision by the occupationa therapist. The
modified training program was pre-pared for the pediat-
ric patients to concentrate on the tasks. For instance, when
the patients performed a sanding task in the one-to-one
training, they were asked to push a ball off a table with
the sanding device. The patients colored a paper on the
wall with the paretic hand painted, elevating the paretic
upper limb. The patient and the occupational therapist
pushed a ball to each other using the sanding device with
the hand dorsal flexion, face to face across the table.
During self-exercise, the patients made the shapes of ani-
mals and foods using clay. The patients performed each
task in the presence of their parents. At discharge from
the hospital, the occupational therapist offered detailed
instructions for daily home self-exercise.

3.3. Clinical Evaluation

Fugl-Meyer Assessment (FMA), Wolf Motor Function
Test (WMFT), Simple Test for Evaluating hand Function
(STEF) and Ten-second Test were used seridly to evalu-
ate motor function in the affected upper limb. The FMA
is a performance-based quantitative measure that assesses
various impairments in stroke patients [11]. The section
of upper limb motor function of the FMA consists of 33
items. The maximum motor performance score for the
upper limbs is 66 points, as each item is rated on a three-
point ordinal scale (0 = cannot perform, 1 = can perform
partially, 2 = can perform fully). The WMFT includes 15
functional timed tasks and the performance time of each
task is measured [12]. In this study, the quality of the
movement was mainly evaluated, as the function ability
score (FAS). In the FAS, the effort, smoothness and
overall quality are rated on a 6-point ordinal scale (0 =
does not attempt, 5 = normal movement), and the score
of each task is summed. The STEF which is broadly used
in clinical settings in Japan, consists of 10 subtests de-
signed on the basis of various activities [13]. The exami-
nee is asked to grasp and move objects of different size,
shape, weight and texture. The time to complete each
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subtest is measured and rated on a 10-point ordinal scale.
Consequently, the score in each subtest is summed. The
Ten-second Test consists of three types of tests[14]. The
examinee performs three types of hand-fingers move-
ment (finger individual movement, hand pronation and su-
pination and finger tapping) as quickly as possible for 10
seconds, and the number of movements is counted. These
evaluations were serially performed at admission, at dis-
charge and 4 weeks after discharge. In addition, change
in ADL functions and QOL were estimated though fre-
guent interviews with the patients and their parents and
the observation of the patients' daily life in the ward by
the physicians, nurses and occupational therapists at our
department.

4. Results

During 15-day hospitalization, neither of the patients
showed any adverse effect. Both patients completed the
protocol. Changes in the measures applied for the study
are summarized in Table 2. The score of STEF and the
sum of FAS on WMFT increased in both patients. The
number of movementsin Ten-Second Test also increased
in both of them at 4 weeks after discharge. Notably, the
FMA score in Patient 2 showed 3-point increase during
the period between the discharge and 4 weeks after dis-
charge. Changes in ADL function using the affected up-
per limb are summarized in Table 3. At discharge, Pa-
tient 1 was able to pass the affected arm through the deeve
of a shirt and fasten the buttons on a shirt smoothly. He
was also able to grasp a bowl stably, and move the bowl
to his mouth without any difficulty. At 4 weeks post-dis-
charge, the general ADL functions remained in good con-
dition in Patient 1. Patient 2 was able to flex the affected
fingers dlightly at discharge, athough the movement was
impossible to perform at admission. At 4 weeks after dis-
charge, he was able to handle chopsticks and write letters
holding the pen with the affected hand alone. The school
teacher and piano instructor recognized the improvement
in the movement of the affected hand following HF-
rTMS/OT.

Table 2. Changesin the measures applied for the study.

Patient 1 Patient 2
At admission At discharge 4V\{eeks ater At Admission At discharge 4weeks ater
discharge discharge
FMA (points) 60 61 61 57 58 61
WMFT-FAS (points) 59 61 61 69 71 72
STEF (points) 45 48 55 85 90 97
Ten-second test (finger tapping) (times) 12 11 16 10 13 17
Copyright © 2013 SciRes. JBBS
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Table 3. Changesin ADL function using the affected upper limb.

In need of some time to pass the affected arm through the sleeve of a shirt and fasten the buttons

At admission on ashirt; Unable to grasp abow! stably and throw the ball straight
Able to pass the affected arm through the sleeve of a shirt and fasten the buttons on a shirt more
Patient1 At discharge smoothly; Able to grasp abowl stably, and move the bowl to mouth smoothly; Ableto throw a
small ball straight
) Marked improvement in endurance during grasping a bowl; Able to throw asmall ball more
4 weeks after discharge powerfully than at admission
Presence of enhanced spasticity, which prevented flexion of the affected fingers during motion;
At admission In need of assistance device to handle chopsticks in affected hand; Need to place the unaffected
hand on the affected hand to write using a pen
) Ability to flex the affected fingers slightly; Makes marked effort to eat food with the affected hand
. At discharge
Patient 2 aone
Able to use the affected hand more frequently in ADL ; Able to handle chopsticks with the affected
4 weeks after discharge hand alone; Able to write letters holding the pen with the affected hand alone; Able to write better
9 (assessed by the school teacher) and move affected hand and fingers more smoothly (assessed by
the piano instructor)
5. Discussion sum and this increase of inhibition adversely influences

Thisisthefirst clinical report of application of HF-rTMS
over the lesiona hemisphere combined with intensive OT
for pediatric patients with upper limb hemiparesis. The
results showed that the intervention was safe and feasible
in two pediatric stroke patients. Our proposed protocol
improved motor function of the affected upper limbs of
these two children. In addition, the improvement of mo-
tor function of the affected upper limb was persistently
seen up to 4 weeks after discharge.

So far, only afew researchers have introduced rTMS as
a therapeutic tool for pediatric patients. Kirton et al. [9]
applied LF-rTMS to the non-lesional hemisphere in pe-
diatric post-stroke patients with upper limb hemiparesis
aged between 8 and 20 years. They found that LF-rTMS
over the non-lesional hemisphere was safe and improved
motor function of the affected limbs. With regard to the
application of HF-rTMS, Valle et al. [15] showed that
application of HF-rTMS of 5-Hz over the lesional hemi-
sphere in pediatric patients with cerebral palsy was safe
and reduced the spasticity of the affected upper limb.
However, there is no information on HF-rTMS applied
over the lesional hemisphere in pediatric stroke patients.
Although Ross et al. reported that epileptic seizure, the
most severe adverse effects of rTMS application, has been
reported to occur with greater frequency in HF-rTMS
protocol than low-frequency rTMS protocol, the two pa
tients in our study completed the protocol without any
adverse effects [16]. Therefore, it is considered that HF-
rTMS can be repeatedly applied over the lesional hemi-
sphere in pediatric patients, if the patient meets the inclu-
sion criteriafor safety.

After the onset of stroke, adult stroke patients show
increased inhibitory drive from the non-lesional hemi-
sphere to the lesional hemisphere through corpus callo-
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motor functional recovery [17]. Accordingly, the appli-
cation of suppressive LF-rTMS to the non-lesiona hemi-
sphere significantly improved motor function of the af-
fected upper limb in adult post-stroke patients, through a
reduction of interhemispheric inhibition towards the le-
sional hemisphere [18,19]. However, it has been reported
that interhemispheric neural connections through the cor-
pus callosum are immature in children under at least the
age of 5 years [20]. This finding suggests that no patho-
logical imbalance of hemispheric neural activity devel-
ops after the onset of stroke in pediatric patients as seen
in adult patients. Furthermore, it has been reported that
ipsilateral un-crossed corticospinal connections are iden-
tified in about two-thirds of children under the age of 10
years [21]. It seems likely that the non-lesional hemi-
sphere could dominantly contribute to motor functional
recovery in pediatric stroke patients with hemiparesis [21,
22]. Based on the above features in pediatric patients, we
applied in this study excitatory HF-rTMS of 10-Hz over
the lesional hemisphere. The results showed improve-
ment of motor function in the affected upper limb in both
patients. Based on this result, one can speculate that our
protocol of HF-rTMS over the lesional hemisphere re-
sulted in functional neural reorganization in the lesioned
hemisphere. In this regard, Johnston et al. [23] demonstra-
ted that hemiparesis after stroke in pediatric patients shows
better functional recovery than in adult patients and com-
mented that this difference is due to the marked degree of
neuroplasticity in pediatric patients. It is possible that re-
peated application of this 15-day protocol with an inter-
val of several weeks or months could bring about further
functional improvement.

We reported previoudly in adult stroke patients free of
cognitive impairment the application of intensive OT
program, which consisted of 60-min one-to-one training

JBBS



192 M. NIIMI

and 60-min self-exercise, together with LF-rTMS applied
over the non-lesional hemisphere [8]. All participating
adult patients completed the program without any diffi-
culty. However, we expected that it would be difficult for
pediatric patients to complete the program for lack of
stamina and difficulty in persistent concentration on the
task. Indeed, Brady et al. [24] have already suggested
that the original protocol of constraint-induced movement
therapy (CIMT) was troublesome and not accepted by
pediatric patients. Therefore, we modified the intensive
OT protocol for pediatric patients by shortening the trai-
ning time, providing therapy in the home environment,
and partly camouflaged the therapy within the context of
play. Based on this concept, we reduced the duration of
training, kept the parents close by and incorporated game
elements and attractive objects like animals and painting
into the training tasks. With these programs, the pediatric
patients were able to concentrate in the 30-min one-to-
one training and 30-min self-exercise. Thus, it seems that
these modifications enabled the participating children to
concentrate on the tasks of the intensive OT program
throughout 15-day hospitalization.

Importantly, the improved motor function was persis-
tently seen until four weeks after discharge in both pa
tients. In addition, both patients showed some score in-
crease and improvement of ADL function after discharge.
While the exact reason for these improvements was not
investigated in this study, we speculate that continuous
daily use of the affected upper limb after discharge faci-
litated the beneficial changes in the lesional hemisphere.
During the period between discharge and four weeks
later, motor functional improvement was more signifi-
cant in Patient 2 than in Patient 1. This difference may
partly depend on whether the affected side matches the
side of handedness. Thus, this match in Patient 2 led to a
more common use of the affected upper limb, which may
have contributed to the better functional recovery of the
affected upper limb compared to Patient 1.

The present study has certain limitations. First, thisisa
pilot study of only two subjects. The efficacy should be
confirmed in a larger number of patients with a control
group. Second, there are few standardized assessment
scales of upper limb motor function in pediatric stroke
patients. In many similar studies, assessment scales for
adult patients have been modified and adapted for pedi-
atric patients [25]. An appropriate scale of upper limb
motor function that can be applied for pediatric stroke
patients needs to be devised. Third, neither neuroimaging
nor neurophysiological study was performed to evaluate
functional changes in the brain in this study. Further stu-
dies using functional magnetic resonance imaging (fMRI)
and TMS mapping techniques should be performed to
examine the functional reorganization in the brain before
and after the protocol.
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In conclusion, the combination of HF-rTMS and inten-
sive OT was safely completed and resulted in improve-
ment of motor function of the affected upper limb in two
children with hemiparesis. This protocol seems a suitable
therapeutic intervention for this patient population, al-
though its efficacy should be confirmed in alarger study.
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