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Abstract

Objective : Transcranial magnetic stimulation (TMS)
is a non-invasive tool for the electrical stimulation of
neural tissue. TMS can be applied as single pulses of
stimulation, pairs of stimuli separated by variable inter-
vals to the same or different brain areas, or as trains of
repetitive stimuli at various frequencies.

Case report : A 2-years-old male infant was referred
to our department with a history of Epstein-Barr virus
(EBV) encephalitis, treated with foscarnet and steroids,
for he developed mutism and ataxia and loss of the abil-
ity to eat, walk and talk. Brain imaging revealed loss of
white matter around ventricles and progressive global
brain atrophy, findings consistent with encephalopathy.
Serology for antibodies against EBV infection was posi-
tive and the diagnosis of acute and prolonged EBV
infection was made. There was an improvement of the
clinical findings after the application of TMS with prop-
er field characteristics (intensity : 1-7.5 pT, frequency :
8-13 Hz). 

Conclusions : Our case illustrates the possibility of
therapeutic applications of TMS (in the order of pT) with
proper field characteristics to normalize pathologically
decreased levels of brain cortex activity. TMS might pro-
vide novel insights into the pathophysiology of the neur-
al circuitry, be developed into clinically useful diagnos-
tic and prognostic tests, and have therapeutic uses in
various diseases. 
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Transcranial magnetic stimulation (TMS) as cur-
rently used, was introduced by Barker et al. (1)
TMS provided for the first time a non-invasive, safe
and painless method of activating the human motor
cortex and assessing the integrity of the central
motor pathways. Since its introduction, the use of
TMS in clinical neurophysiology, neurology, neu-
roscience and psychiatry has spread widely, mostly
in research applications, but increasingly with clin-
ical aims in mind (2, 3).

Anninos et al. (4-7) applied external TMS (in the
order of pico Tesla) with proper field characteris-
tics (intensity : 1-7.5 pT, frequency : 8-13 Hz) in
the frontal, occipital and temporal lobes of the
patients for the treatment of epilepsy, Parkinson
disease, multiple sclerosis etc using an electronic
device. This electronic device consists of a low
voltage generator, which can produce low frequen-
cies from 2-13 Hz to a group of coils of 1 cm diam-
eter (Anninos & Tsagas inventors (7)). The 32 coils
are enclosed between two parallel plane surfaces in
such a way that the axis of the coils is situated per-
pendicular to these surfaces. They are situated on
the 32-point matrix, which is defined previously.
The applied TMS carried similar field characteris-
tics (intensity : 1-7.5 pT and frequency 8-13 Hz)
with the ones emitted from the patient’s brain mea-
sured by magnetoencephalography (MEG) prior of
the application of TMS. 

TMS can be applied as single pulses of stimula-
tion, pairs of stimuli separated by variable intervals
to the same of different brain areas, or as trains of
repetitive stimuli at various frequencies. Single
stimuli can depolarize neurons and evoke measur-
able effects. Repetitive TMS can modify excitabili-
ty of the cerebral cortex at the stimulated site and
also at remote areas along functional anatomical
connections (8). With any new medical tool we
ought to ask ourselves what it can offer that estab-
lished methods do not for diagnostic, prognostic
and therapeutic parts of clinical neurology. A new
neurological tool might have several benefits :
establishment of a differential diagnosis earlier or
with greater certainty for a given clinical presenta-
tion than existing methods; better prediction of the
likely course of the disease; further support for sus-
tained and intensive interventions; help in identifi-
cation of the most suitable treatment strategy; or
improvement of clinical outcome as a therapy itself. 

The main clinical application of TMS concerns
testing of the functional integrity of the cortico-
spinal tract in patients with disorders affecting the
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CNS. Use of standard TMS in these neurological
disorders provides information on detection of sub-
clinical upper motorneuron involvement, localiza-
tion of anatomical site of lesions, longitudinal
monitoring of motor abnormalities during course
of diseases, and valuable aid to differential diagno-
sis. Repetitive stimulation of the brain opens a new
field of investigations of cognitive function and
mood and of therapeutic possibilities. There are
interesting results in the short-term treatment of
refractory depression by daily sessions of repetitive
TMS. By changing the frequency of stimulation, it
may be possible to modulate cortical excitability
for therapeutic benefit. The ability of TMS to mea-
sure and modify cortical activity offers possibilities
to apply this methodology to clinical neurology,
neurorehabilitation and psychiatry (9).

TMS in clinical neurology

MULTIPLE SCLEROSIS

Various abnormalities can be observed in multi-
ple sclerosis (MS) that relate to demyelination and
to axonal loss. Demyelination of central motor
pathways induces slowed conduction or conduction
block. The latency of motor evoked potentials
(MEPs) can be prolonged and the response may be
dispersed, of smaller size, or absent. A reduced
MEP size may indicate a central conduction deficit,
but this relation is obscured by the desynchroniza-
tion of the descending action potentials in response
to TMS that eliminates these effects allows quan-
tification of conducting central motor neurons.
Thereby, it increases the sensitivity to detect a cen-
tral motor conduction deficit. The motor threshold
can be moderately increased in MS. The silent peri-
od is usually prolonged. Data that concern cortical
excitability changes seem of little clinical value
(10-14, 9).

CERVICAL SPONDYLOTIC MYELOPATHY

Cervical spondylotic myelopathy (CSM) is char-
acterized by a marked and early CMCT prolonga-
tion. Sometimes clinically, and with routine elec-
troneuromyography (ENMG) examination, distinc-
tion between CSM and amyotrophic lateral sclero-
sis (ALS) may be difficult. These disorders, that
impair both upper and lower motorneurons, may
share similar clinical features, including muscle
wasting and fasciculation. TMS enables to distin-
guish these disorders (15, 9).

DEPRESSION

Treatment of depression is the most thoroughly
studied of the potential clinical applications of
repetitive TMS. Lasting beneficial effects have
been seen in about 40% of patients with medica-

tion-resistant depression in recent studies (16).
Both high frequency rTMS of the left dorsolateral
prefrontal cortex and low frequency stimulation of
the right side can improve depression.

PARKINSON

Pascual-Leone et al. (17) first reported that in 5
patients with Parkinson’s disease submotor-thresh-
old rTMS at high frequency (5Hz) to the motor cor-
tex improved contralateral hand function. There are
two rationales for trials of this method in
Parkinson’s disease : first, increasing cortical
excitability to thalamocortical drive, which is
believed to be lacking in the disease; and second,
modifying catecholamine metabolism subcortically
through cortical stimulation (5, 18).

DYSTONIA

After physiological studies of task-specific dys-
tonia suggested hyperexcitability of the motor cor-
tex or a failure of intracortical inhibition, rTMS of
the motor cortex at 1 Hz has been used to treat
patients with writer’s cramp 19. The improvement
of deficient intracortical inhibition and handwriting
lasted at the most 3h after application of a 30 min
train of TMS but resulted in clinical benefits in
only 2 of 16 patients studied. In tic disorder, a sim-
ilarly abnormal increase of cortical excitability is
reported and 1Hz rTMS of the motor cortex can
reduce the frequency of tics 20.

FACIAL PALSIES

The clinical and electrophysiological spectrum
of facial palsies is broad and differential diagnosis
may be difficult. The lesion of the facial nerve fre-
quently lays within the skull, where the nerve is not
accessible to conventional electrical stimulation.
TMS changed this situation, because the proximal
intracranial part of the facial nerve and the con-
tralateral hemisphere facial associated cortex
became accessible to stimulation (21-23, 9).

EPILEPSY

TMS has been used to study generalized and
focal epilepsies. Different results probably relate to
the multiform types of epilepsies, the presence of
drugs and the different techniques used. The most
common abnormality in the motor cortex of
patients investigated with paired-pulse TMS, is an
increased excitability with a reduction of intracor-
tical inhibitory mechanisms. TMS proved useful to
test the mode of action and the responsivity to
antiepileptic drugs (4, 6, 9, 24-26).
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STROKE

Outcome after stroke may be favorably influ-
enced by rTMS suppressing maladaptive cortical
plasticity and improving adaptive cortical activity
to promote neuro-rehabilitation. Functional imag-
ing studies after stroke show increased activity in
undamaged brain areas (27) but the role of these
areas is controversial.

SCHIZOPHRENIA

TMS research has provided inconclusive results
concerning corticospinal conductivity in schizo-
phrenia. In the first study of motor function in
schizophrenia using TMS, Puri et al. (29) detected
a significantly shorter latency of MEPs in nine un-
medicated patients with schizophrenia compared to
nine healthy subjects. However, further studies
measuring MEP latency did not find a difference
between medicated schizophrenia patients and nor-
mal controls (28, 29).

Case Report

Approximately 1-5% of patients with acute pri-
mary infections due to Epstein-Barr virus are
believed to develop neurological complications
such as meningitis, encephalitis, acute demyelinat-
ing encephalomyelitis, cranial nerve palsy, cerebel-
litis, myelitis, or visual seizures with metamor-
phopsia (30). Therefore, a search for acute primary
EBV infections is well established in patients with
central nervous system (CNS) diseases (31). In
contrast, neurological disease complicating the
course of chronic active EBV infections or occur-
ring in immunocompetent pediatric patients with
reactivated EBV infections has been described only
rarely. 

A 2-year- old male infant was referred to our
department with a – 20 days – history of Epstein-
Barr virus (EBV) encephalitis, treated with foscar-
net (foscavir 450 mg � 3 per day) and steroids
(medrol 8 mg � 4 per day). Treatment was
employed for approximately one month and was
stopped due to intense tremor side-effect. The
patient developed mutism and ataxia and loss of the
ability to eat, walk and talk. Brain imaging revealed
loss of the white matter around ventricles and
slightly progressive global brain atrophy, findings
similar to the ones at onset of disease and consis-
tent with encephalopathy. Serology for antibodies
against EBV was positive for acute infection
(VCA-IgM positive, VCA-IgG = 1/320, anti-
EBNA less than 1/20, and EA-IgG less than 1/40).
No other causative agents were detected by the lab-
oratory work-up including the ones for metabolic
diseases. Nested polymerase chain reaction (PCR)
testing, was negative for EBV DNA in the cere-
brospinal fluid. Subsequently, he was evaluated

with MEG. Informed consent was obtained from
his parents prior to the procedure. The spatial dis-
tribution of the amplitude of MEG power spectrum
was examined using computer-generated graphics
and expressed in terms of the total average of iso-
contour spectral amplitude distribution (ISO-SA)
on the surface of the scanned areas over the scalp in
the 2-7 Hz band frequencies. Different colors

FIG. 1. — A) The MEG map of the right temporal area of the
patient with biomagnetic values < 1600 Ft/� Hz. B) The MEG
map after 2-years treatment with TMS. The biomagnetic val-
ues were < 1800 Ft/� Hz. C) The MEG map after 3-years
treatment with TMS with biomagnetic values > 2200 Ft/� Hz.

A

B

C



MEG AND TMS IN AN INFANT AFFECTED BY EPSTEIN-BARR VIRUS ENCEPHALITIS 29

represent different spectral amplitudes. TMS ses-
sions (in the order of pico Tesla) were repeated
2 times a week for 3 years with the electronic
device that Anninos & Tsagas invented (7). There
was an improvement of the clinical findings after
the application of TMS. Fig. 1A demonstrates the
MEG map of the right temporal area of the patient
with biomagnetic values < 1600 Ft/� Hz. Fig. 1B
shows the MEG map after 2 years completion of
TMS sessions. The biomagnetic values were
< 1800 Ft/� Hz. Fig. 1C shows the MEG map
after 3-years treatment with TMS with biomagnet-
ic values > 2200 Ft/� Hz.

Our case provides useful insights into therapeu-
tic employment of TMS in neurology. The clinical
improvement suggests that TMS is efficacious in
EBV encephalitis related sequellae. 
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