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NEUROPHYSIOLOGICAL AND NEUROPSYCHIATRIC ASPECTS OF
TRANSCRANIAL MAGNETIC STIMULATION
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Abstract

Objective: The authors review the literature in the field of transcranial magnetic stimulation (TMS).

Method: For this purpose a PubMed search was performed. Additional information was gained by cross-referencing
from papers found in the data base.

Results: Data from controlled studies as well as supplementary information from relevant review articles pertinent
to the topic were used. History and the basics of TMS and repetitive transcranial magnetic stimulation (rTMS) are
presented. The ability of rTMS to non-invasively modulate higher cognitive functions such as learning and memory
has developed a new and exciting field. TMS, in fact, allows one to transiently disrupt ongoing cortical processing,
thus helping to enlighten the causal role of a specific brain area in a certain observable behaviour. Finally, rTMS-
clinical effectiveness in mood disorders, anxiety disorders, schizophrenic spectrum disorders and Parkinson’s disease
as well as in pain syndrome is discussed.

Conclusions: rTTMS in concert with functional neuroimaging methods allows to analyze neuronal networks.
Long term potentiation (LTP) and long term depression (LTD) are phenomena seen in preclinical studies after rTMS,
and reflect plastic neuromodulation. Changes in brain plasticity are thought to be mechanisms that underlie the
pathophysiology of psychiatric diseases like major depression.
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1. INTRODUCTION
1. Development of TMS

Transcranial magnetic stimulation (TMS) has been
used for years in the clinical and neurological setting
to assess the speed of neuronal transmission. Since the
beginning of the last decade, it has been investigated
in the treatment of neurological and psychiatric diseases
(George et al. 2003). There are two traditionally major
fields of application of TMS in scientific research: 1)
to assess the relationship between stimulus intensity
and strength of the aimed effect as a measure of the
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excitability of cortical areas; 2) to modulate the cortical
excitability and, as a consequence, the cortical function.

TMS allows non-invasive stimulation of the
cerebral cortex by applying a magnetic field generated
with a coil. The magnetic field goes through the skull
and transforms into an electric field directly at the level
of the cerebral cortex.

Both single-pulse and short-interstimulus double-
pulse stimulators have been developed, as well as
stimulators for repetitive transcranial magnetic
stimulation (rTMS), serial transcranial magnetic
stimulation, high or low frequency transcranial
magnetic stimulation. Unlike single-pulse stimulators,

© 2009 Giovanni Fioriti Editore s.r.1.



Neurophysiological and neuropsychiatric aspects of transcranial magnetic stimulation

whose stimulation index has a maximum of 0.25 to 0.33
Hz, modern repetitive stimulators may obtain up to 60
Hz. RTMS has shed light on new therapeutic approaches
in several psychiatric and neurological diseases, and
has enabled the modulation of neuronal structures in
relationship to the frequency of the stimulation applied.

2. Neurophisiological effects of TMS

The stimulators currently used produce a magnetic
field from 1.5 to 2.2 Tesla. The maximal focality that
can be reached through an octagonal-section coil is 0.5
cm? (Brasil-Neto et al. 1992). Stimulation can penetra-
te to a depth of 1.5 — 2 cm under the skull surface (De
Groot et al. 2001, Rudiak & Marg 1994). The form and
orientation of the coil in relation to the neuronal surface
determine the spot and the action of stimulation
(Amassian et al. 1992). The magnetic field itself
diminishes with an inverse proportionality to the
distance from the stimulating coil. The penetration depth
is proportional to the diameter of the coil used. TMS
activation takes place transynaptically, especially at the
level of tangentially aligned interneurons. The
configuration and propagation of the induced magnetic
field and electric field can be calculated; nevertheless,
it is difficult to foresee the currents induced. The
stimulation effectiveness is also related to the distance
between the coil and the cortex, and this value is higher
in elderly patients due to the frontal cortical atrophy
that manifests earlier, probably for the aforementioned
reason (George et al. 2003, McConnell et al. 2001 ). A
newly developed and more realistic stimulator, than that
currently used, takes all these aspects and factors into
consideration (Wagner et al. 2004).

3. Diagnostic application of TMS
3.1. Pyramidal trajectory

In order to assess the motor function, single-pulse
TMS is applied on the primary motor cortex [M1]. For
this purpose, the motor evoked potentials (MEPs) of
each target contralateral muscle are assessed by means
of superficial electrodes. The stimulation intensity is
typically given as a percentage of the threshold intensity,
which creates a MEP of precise amplitude (Wassermann
et al. 1992).

3.2. Mapping

Single-pulse TMS is applied in the field of cerebral
mapping (Grafman & Wassermann 1999). During
stimulation of several, subsequent regions of the brain
in short time intervals with a focal coil it is possible to
infer simultaneously the motor evoked potentials with
respect to the scalp position and to compare their
amplitude values. As a result, brain cartography can be
obtained (Brasil-Neto et al. 1992, Wassermann et al.
1992, Cohen et al. 1991, Mortifee et al. 1994). In this
way it is also possible to analyze the faculty of vision,
motion and language production.
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3.3. Inhibitory and excitatory intercortical
mechanisms

The technique of double-pulse magnetic
stimulation (paired pulse TMS) has recently proved to
be a useful method for the assessment of neuro-
physiological activity of intracortical neurons. The
principle of ppTMS consists of the application of an
invasive threshold stimulus (inferior to the motor
threshold), also called conditioning, and test upper
threshold stimulus (superior to the motor threshold),
with particular consideration of the interstimulus
interval (ISI). A modulation of MEP amplitude is carried
out independently from the ISI.

It is also possible to assess the ipsilateral and
contralateral silent period, the long latency intercortical
and intracortical inhibition. Both physiological and
pathologic cerebral processes, as well as pharma-
cological effects, are objects of analysis (Pascual-Leo-
ne et al. 1992, Valls-Solé et al. 1992, Day et al. 1989,
Pascual-Leone et al. 1993).

4. Therapeutic application of rTMS

The possibility of carrying out stimulation on
circumscribed cortical areas through rTMS
independently from frequency led to the fact that this
technique has come to play a very particular role in
neuropsychiatry (Post et al. 1999).

Although the mechanism of action is only partly
known, neurophysiological effects caused by rTMS
indicate some plastic alterations of the neuronal mem-
brane (Siebner & Rothwell 2003). The concept of
“neuronal plasticity” describes the capacity of constant
alteration of the structural and functional brain
properties. This includes the modification of membra-
ne proteins (molecular plasticity), morphological
alterations, such as the regeneration processes
(structural plasticity), and the modification of synaptic
transfer (functional plasticity). Long term alterations
can be caused by long term potentiation (LTP), or long
term depression (LTD). It is well known that electric
high frequency stimulation provokes a long-lasting
strengthening of the postsynaptic response to stimulus
(LTP) (20). LTP has been object of research in some
studies as the requirement of special forms of learning
(Gustafsson & Wigstrom 1988, Iriki et al. 1991, Silkis
et al. 1994). Low frequency electric stimulation
provokes LTD, which has an inverse effect compared
to LTP. LTP and LTD have also been demonstrated in
preclinical studies with rTMS (Wu et al. 2000). Clinical
studies with rTMS indirectly point at a similar mode of
action in humans. Neurophysiological phenomena such
as EEG alterations, as well as alterations in the visual
output — in relationship with the theoretical theories of
plastic-neuronal modulation — have been observed
independently from the rTMS frequency (Wu et al.
2000, Catafau et al. 2001, Chen et al. 1997, Knecht et
al. 2003, Muelbacher et al. 2000). Recently, it has been
possible to provide some indirect evidence to support
the theory of cortical plastic alterations provoked by
rTMS in humans.

Low frequency stimulation of left premotor cortex
modifies the MEP amplitude at the level of the
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ipsilateral motor cortex, as well as the excitability
threshold, which were assessed even one week after
the day of the experiment. Moreover, in this way it was
possible to demonstrate the neuronal function-control
system between areas 4 and M1 (Baeumer et al. 2003).
The onset of psychiatric diseases is due to the
dysfunction of different areas that are linked to each
other. For this purpose, crucial importance is given to
some new concepts, such as the brain’s ability to modify
at the plastic level both as a consequence of stressful
factors, and of pathologies like Major Depression and,
on the other hand, as a consequence of treatments
(Spedding et al. 2003). Therefore, the idea of integrating
rTMS in modulation therapy of these dysfunctions
seems to be rational. The clinical applications of rTMS
are based on intervening directly on specific cortical
areas in order to increase or diminish their activity.
Therefore, rTMS has been introduced in the treatment
of syndromes that are likely to be characterized by
cortical excitability, such as auditory hallucinations
(Hoffmann et al. 2003). Several studies have identified
a dysfunction at the level of the dorsolateral prefrontal
cortex in patients with Major Depression. Nevertheless,
not only the effects described in cortical areas that can
be directly stimulated with TMS, but also of alterations
induced by rTMS were observed in subcortical areas,
which play an essential role in the causes of depression
(Hausmann et al. 2000, Hausmann et al. 2002, Keck et
al. 2002).

II. BASIC RESEARCH OF THE SUPERIOR CEREBRAL
FUNCTIONS

1. General

Currently, there is intense activity in the field of
research on superior cerebral functions by means of
TMS/tTMS. Such perspective was also supported by a
general article published in Science “Faster thinking
thanks to rTMS” (Helmuth 2001). After a strong
impulse of the last years on the application of TMS in
depression, research has also concentrated on the
application of TMS in the modulation of further
cognitive processes (George et al. 1999). Through the
induction of excitatory and inhibitory effects on the
neuronal membrane it is possible to provoke transitory
functional lesions that are defined in their spatio-
temporal coordinates in different cerebral areas
(Pascual-Leone et al. 2000). In this way, for instance,
it is possible to interrupt language production or the
linguistic flux through high frequency stimulation of
the motor linguistic area on the dominant hemisphere
(Epstein et al. 1999). A suppression of the field of vision
after rTMS on the parietal cortex was also detected
(Grafman et al. 1994 ). Cognitive functions seem thus
to depend on an interaction between different centres
that might be topographically distant from each other,
as well as their neuronal connections. Research with
Positron emission tomography (PET) and functional
Magnetic Resonance Imaging (fMRI) confirms a
perspective of this kind (Hallett 2000). However, these
techniques are affected by a methodological limitation;
they have a higher spatial resolution than rTMS, but a
reduced temporal resolution, and cannot for example
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establish relations between the activation of one area and
its respective function (Cracco et al. 1999). rTMS can
modulate cognitive functions in several circumscribable
areas, so that topography and function can be correlated
in a minimal time interval. This spatio-temporal
relationship is defined as “causal chronometry” (Pascual-
Leone et al. 2000, Nikulin et al. 1993).

2. Modulation of cognitive functions
2.1. Plasticity of the visual cortex

The aforementioned capacity of TMS to induce a
stimulus in a circumscribed area has been used to assess
the reorganization or plasticity of human motor cortex
as a consequence of several diseases. TMS presents
therefore an investigating function in order to detect
neuronal nets, and not for therapeutic intervention alo-
ne. Pascual-Leone and Torres (Pascual-Leone & Torres
1993) were able in this way to determine that blind
patients who read Braille activate an expanded cortical
area for the finger they use while reading when
compared to the non-Braille-reading control group.
Stimulation of the occipital visual cortex worsens tactile
perception in blind subjects, whereas correspondent
topograhic stimulation for sighted patients did not
display such suppression. The authors came to the
conclusion that the visual cortex in blind patients can
be taken into consideration as a secondary aspect
compared with other somatosensitive tasks, thus giving
evidence that tactile perception is more sensitive in
blind subjects than in normals (Cohen et al. 1997).
Cohen et al. (1999) have shown in 5 subjects suffering
from acquired blindess as compared with subjects with
congenital blindness or blindness acquired in early
years, that modal crossed plastic elaboration (visual
cortex is activated in the Braille-reading-patient through
tactile stimuli) is limited to the case of those subjects
who have lost their faculty of vision before age 14.
Nonetheless, research using TMS in healthy subjects
has shown that visual perception is altered in the central
representation of visual stimuli after rTMS application
to the occipital cortex (area 17). It has been possible to
make this activation in the occipital cortex visible also
by means of a visual activation paradigm through PET
(Kosslyn et al. 1999). Therefore, this research has
acquired a pivotal role, since it witnesses a long-term
alteration. Further research that proves the “causal
chronometry” of the visual cortex (striate and parastriate
areas) during the tactile discriminatory faculty was
published by Zangaladze et al. (1999). The authors
combined TMS and PET with the derivation of evoked
potentials. In the course of a tactile- oriented task it
has been possible to assess an activation of the occipital
cortex through PET. The potentials correlated to an
event have shown the involvement of cortex in
relationship to time in the area under the scalp.

2.2. Plasticity of the motor cortex
In a first study, Olivieri et al. (1999) were able to

show laterality with dominance of right hemisphere in
the stimuli perceptions as a consequence of the
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administration of a very weak electric stimulus that was
applied in the first, third and fifth finger of either hand
or both hands at the same time. Single-pulse TMS on
the right parietal cortex after 20 or 40 ms from the
moment of stimulation of the fingers reduced patients
ability to perceive this stimulus, especially after
stimulation of both sides. Stimulation of the left side
of'the parietal cortex had as a consequence an analogue
effect but to a lesser extent. Subsequently, the same
group (Olivieri et al. 1999) examined patients with
lesions in the right hemisphere using the same
stimulation parameters. In the case of electric
stimulation on both sides, patients often were not able
to perceive the stimulus coming from the left side. TMS
at the level of the frontal cortex, but not at the parietal
cortex, has reduced the number of non-perceived digital
electric stimuli significantly. These results have
sustained the hypothesis that spatial perception might
be explained through interhemispheric competition.
Competition might thus be asymmetrical (Kinsbourne
1993). This phenomenon has been described in animal
models as unilateral spatial neglect, a syndrome
consisting of an attentional and spatial deficit opposed
to the brain lesion. In this way, rTMS could play an
interesting role in the treatment of patients suffering
from spatial attention or neglect syndrome through
long-term alterations of cortical excitability. As a
consequence of unilateral amputation of one upper
extremity, patients showed a reduced motor threshold
compared to healthy subjects, and an extended cortical

Table 1. Parkinson's Disease treatment

excitability area of the motor cortex representing
proximal muscles (Cohen et al. 1991, Fuhr et al.1992,
Levy et al. 1991). Kew et al. (Kew et al. 1994) have
shown a reorganisation of cortical blood flow (rCBF)
that is assessed by means of PET in patients who had
undergone amputation of the upper extremity. Even the
transient functional deafference of peripheral nerves has
an effect on a fast plastic reorganisation. In this way, a
nervous ischemic stroke was carried out at the level of
the forearm, with an associated cortical stimulation.
Results have demonstrated that a transient functional
deafference in the peripheral nerves leads as a
consequence to a rapid plastic alteration of the
respective cortical areas (Ziemann et al. 1998).

2.3. Learning / Memory

TMS allows both the research and the modulation
of learning processes. Pascual-Leone et al. have
assessed cortical excitability through TMS by carrying
out a test on motor reaction. When subjects become
accustomed to a test, they develop an implicit
consciousness of the test’s recursive models. This leads
to a progressive enlargement of the cortical re-
presentations in the motor areas involved in the task
(Pasqual-Leone et al. 1994) and gives further evidence
of the fast functional plasticity of cortical areas. The
same group has shown that, by carrying out TMS on
the left temporal cortex and dorsolateral prefrontal

Author n Stimulation Intensity Frequency (Hz) | Total stimulus | Effectiveness
Spot
Pascual-Leone 6 Ml 90%MS 5 yes
Siebner 12 Ml 90%MS 5 2250 yes
Malley 49 Cz variable 1 420 yes
Shimamato 8 prefrontal 700 Volt 0,2 480 yes
Glabra 11 M1 90%MS 5 ? no
Tergau 7 Cz 90%MS 1-20 1000 no
Siebner 10 M1 90%MS 5 2250 yes
de Groot 9 M1 90%MS 5 2250 yes
Boylan 10 SMA 100%MS 10 2000 no
Okabe 85 CZ, 0z 110%MS 0,2 800 no
Ikeguchi 12 frontal, 700 Volt 0,2 600 no
occipital
Khedr 36 Ml >100% 5 20000 yes

SANS = Scale for Assessment of Negative Symptoms; PSYRATS = Psychotic Symptom Rating Scale; BPRS = Brief Psychiatric
Rating Scale; BDI = Beck Depression Inventory; STAI = State Trait Anxiety Inventory (Y form)[121]; PANSS = Positive and
Negative Syndrome Scale; Hallucination Change Scale [123]; MS % = Motor threshold in percentage; M1 = Primary motor
cortex; Cz, Oz = International system 10-20 EEG; SMA = supplementary motor area; MS = motor threshold
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temporal bilateral cortex (DLPFC), newly learnt words
from a list were retrieved from memory faster. This
shows a positive effect of rTMS as far as brain functions
are concerned (Mottaghy et al. 1999). Another study
has described the role of left DLPFC in identifying
analogies. This kind of recognition is essential when
the subject has to filter specific details from different
types of information. After stimulation with high
frequency rTMS (5 Hz) recognition times were
significantly reduced (Boroojerdi et al. 2001).

TMS can also reduce brain performance,
according to the area stimulated and application
parameters (Grafman et al. 1994). High frequency
stimulation on either right or left DLPFC, but not on
the frontal medial area made working memory worse
in healthy subjects. Despite a similar effect on the
brain, in the images obtained through PET, stimulation
of left DLPFC showed only a significant reduction of
blood flow in the area directly below to the stimulation
point, whereas stimulation of right DLPFC also caused
a biparietal reduction of blood flow (Mottaghy et al.
2000, Rami et al. 2003).

II1I. CLINICAL APPLICATION
1. Treatment of Parkinson’s Disease

The first attempts to treat Parkinson’s Disease with
rTMS date back to an experiment carried out by
Pascual-Leone et al. (Pasqual-Leone et al. 1994) who
managed to demonstrate that high frequency rTMS (5
Hz) on primary motor cortex (M1) improved reaction
times significantly. In experiments on animals it was
possible to prove that high frequency rTMS frontal brain
arecas had modulatory effects in the mesostrial and
mesolimbic dopaminergic system. Moreover, some
alterations in the excitability of the cortical inhibitory
system took place (Keck et al. 2002).

During a controlled study, Siebner et al. (1999) have
shown how 12 patients suffering from Parkinson’ s
disease who were not given any medicines showed a
significant improvement in their level of bradykinesia
through rTMS at the level of M1, even beyond the
stimulation end. Despite the fact that up to that point
some clinical improvements had been reported on
motricity after treatment with TMS, data on efficacy were
controversial. Even the same group (Siebner et al. 2000)
could not replicate the prior results when the number of
cases was extended to 11 patients who underwent the
procedure under threshold stimulation (5 Hz). A survey
that had been carried out by Khedr et al. has reported an
improvement of motor functions compared to placebo
(Khedr et al. 1993). Columbia University research team
hypothesized an improvement of clinical sympto-
matology as a consequence of stimulation of the
supplementary motor area (SMA). However, a partial
worsening of whatever SMA does was assessed (Boylan
etal. 2001).

Due to the heterogeneity of samples studied of the
course of the disease, concomitant pharmacological
treatments, different stimulation points and intensity
levels, as well as the discordant results, a routine clinical
application of rTMS in the treatment of Parkinson’s
disease is not advisable to date.
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2. Treatment of Mood Disorders
2.1. Treatment of Major Depression

Most clinical studies with rTMS in psychiatric
disorders have actually been focused on the efficacy of
the technique in Major Depression (Hausmann et al.
2002), which is also the psychiatric field where rTMS
has received more indications and approvals worldwide.
However, in the meta-analysis carried out, authors came
to the conclusion that in spite of statistical
meaningfulness, clinical results were not totally
convincing and current rTMS application in the
treatment of mood disorders is still to be considered at
an experimental stage (Burt et al. 2004). Anyway, it is
important to emphasize that, by the end of 2008, the
FDA gave first instruction on how to use high frequency
TMS in the treatment of pharmacoresistant major
depression. Further multicentric studies in this field are
however essential for a better definition of stimulation
parameters (session duration, number of sessions,
necessity of a preservation therapy). Most published
current literature on rTMS refers to experiences with
small patient groups. In the case of studies with an
adequate number of patients, O’Reardon et al. have
shown an antidepressive effectiveness value of 0.4,
slightly higher than the placebo value (O’Reardon et
al. 2007).

It should be considered that a metanalysis of 52
studies on pharmacological treatment of major
depression with antidepressives (which have a doubtless
clinical effectiveness) was not able to show any
effectiveness as for placebo in 50% of cases (Parker
2003). Actually, using rTMS as “augmentation” to
pharmacological treatment truly represents one of the
major foci in clinical research with this procedure (Rumi
et al. 2007). Herwig et al., in a survey on the
effectiveness of TMS in “augmentation”, have reported
negative results (Herwig et al. 2007), whereas two
recent studies have on the contrary reported positive
results (Bretlau et al. 2008, Avery et al. 2008). It is
essential to consider again a series of parameters with
further research in order to optimize the clinical
effectiveness of rTMS. For instance, a longer lasting
treatment of at least four weeks seems to be crucial in
order to obtain a clinical response (Fitzgerald et al.
2003, Holtzheimer et al. 2004, Martin et al. 2002).
Moreover, as pointed out in recent studies, the so called
“priming”, that is stimulation prior to therapeutic
stimulation for a neuronal excitatory effect, could be
able to significantly improve the antidepressive
effectiveness of TMS (Fitzgerald et al. 2008).

Anyhow, technique can be applied with a high
safety level; also no secondary cognitive effects have
been reported, even with aggressive stimulation
parameters (Hausmann et al. 2004). The clinical aspect
referring to short and long term tolerability is surely
one of the most interesting, and is the main focus of
TMS. The technique does not require anaesthesia, it is
painless (there may be an irritating feeling due to high
frequency stimulation) and generally without
significant side effects. The most common side effect
may be headache that is generally very light and lasts
only a short time after stimulation. As far as the
likeliness of occurrence of other events is concerned it
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is important to point out again the possibility that TMS
can cause convulsions. This event seems to disappear
completely if the treatment is carried out within safe
parameters and follows some general guidelines. The
latter are published on patients, as well as on non-
patients that are not likely to have specific risk factors.

As far as the comparison between the effectiveness
of rTMS as a possible substitute to electroconvulsant
therapy (ECT), it seems that ECT (is characterized by
a completely different mechanism of action than TMS)
can be more efficient than TMS on Major Depression.
In a meta analysis, Burt et al. (Burt et al. 2002)
compared the effectiveness of rTMS with that of ECT
and found an average reduction of 28.94 +23.19 % in
the Hamilton Depression Rating Scale (HDRS) in
studies with rTMS, compared with a reduction of 72 %
in studies with bilateral ECT. Similarly, also the survey
by McLoughlin et al. dating back to 2007 confirms this
difference in the therapeutic effectiveness between ECT
and rTMS, and also points at an economic advantage
for EST (McLoughlin et al. 2007). Nonetheless, it is
worthwhile to highlight that the two techniques have
substantially different mechanisms of action and
tolerability profile being ECT certainly more invasive
than rTMS and clinical comparisons between the two
interventions in terms of efficacy may be of limited
value. Other issues of clinical interest in relation to the
use of rTMS in major depression include the efficacy
of the technique in bipolar depression where limited
studies exist (Nahas et al. 2003, Dell’Osso et al. 2009),
the ability of augmentative rTMS to boost and accele-
rate response to antidepressant medications (Rossini et
al. 2005, Bretlau et al. 2008) and the discontinuation
effects of rTMS as well as the long-term efficacy of
maintenance sessions of rTMS (Dell’Osso et al. 2009).

2.2. Treatment of mania

TMS has also been investigated in the treatment
of mania, though at a far lesser extent than for Major
Depression. Grisaru et al. (Grisaru et al. 1998b) have
compared in a double-blind study, a group of patients
suffering from manic episodes (n=9) that had been
treated with high frequency stimulation (20 Hz) for
more than 10 days, and a second group (n=7) which
was stimulated at the level of the right DLPC. Antimanic

Table 2. Manic disorders therapy

pharmacological therapy was maintained during the
survey period. There was a significant improvement in
patients who had been stimulated on the right side, as
opposed to the group stimulated on the left. Similar
results have been assessed in a recent study (Xia et al.
2008). However Kaptsan et al. (Kaptsan et al. 2003)
have shown that TMS at the level of the right DLPC
was not more effective than simulated stimulation
(placebo). In comparison with baseline, patients have
shown more psychotic symptoms and active stimulation
on the left DLPFC, which may have falsified positive
results through a worsening of manic symptomatology.
Currently, there is not enough evidence to hypothesize
areliable role of rTMS in the treatment of manic states
(Mukherjee et al. 1994).

3. Treatment of Anxiety Disorders

The possibilities of resorting to rTMS as therapy
for the obsessive compulsive disorder was the subject
of research on the part of the National Institute for
Mental Health (NIMH) in Bethesda (Greenberg et al.
1997). Lateral right, high frequency stimulation for a
time interval longer than 20 minutes with series of 2
seconds per minute has proven to improve obsessive-
compulsive symptoms for hours (n=12) even after one
single session. Alfonso et al. (2001) used different
stimulation parameters, such as a low frequency
stimulation, and they found no significant difference
in the reduction of obsessive compulsive symptoms,
apart from a slight reduction of obsessive thoughts. Two
further controlled studies, carried out with again
different stimulation parameters, such as low and high
frequency on the left DLPC, have given negative results
(Prasko et al. 2006, Sachdev et al. 2007). Neither in the
treatment of bulimia nervosa rTMS showed convincing
results (Walpoht et al. 2008). McCann et al. (1998) have
reported cases of two subjects suffering from a post-
traumatic stress disease (PTSD), who have shown a
symptomatological improvement after low frequency
TMS (1 Hz) on the frontal right cerebral cortex. Grisaru
et al. (1998a) have stimulated similarly 10 patients
suffering from PTSD on the motor cortex and have
noticed an improvement in the phobia symptomatology.
Cohen et al. (2004) have described in their study 24
patients treated with right lateral cortex stimulation by

Author n Kind of Spot Frequency %MS Sessions Stimula | Significance
survey (Hz)
Grisaru 16 Double RDLPC vs. 20 Hz 80 10 8000 yes
blind LDLPC
parallel
Kaptsan 19 Double RDLPC vs 20Hz 80 10 8000 no
blind sham
placebo
Clinical Neuropsychiatry (2009) 6, 6 239
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10 Hz, 1 Hz, or placebo stimulation in 80%. Patients
who were treated at 10 Hz showed a generalised
improvement. Schonfeldt—Lecuona et al. (Schonfeldt-
Lecuona et al. 2003) treated some patients affected by
a functional paralysis with high frequency rTMS.
Application on workdays with 4000 stimuli a day went
on for more than 12 weeks. Motor functions, as well as
the muscular mass were able to reorganise, and
hypersensitivity diminished.

In conclusion, at least for the present, therapeutic
application of TMS in the treatment of anxiety disorders
still has to be verified and is at present to be considered
experimental.

4. Treatment of Schizophrenia

Some studies have shown that symptoms of
Schizophrenia, such as hallucinations, can be modified,
even though for a short period of time, by applying
low frequency rTMS as treatment (D’Alfonso et al.
2002, Hoffmann et al. 2000). Nevertheless, as for the
hypothesis of using it in the clinical field, there are still
some doubts. In a double-blind crossover study, a
significant improvement was noticed in the negative
symptomatology in patients suffering from schizo-
phrenia. During this study, 15 patients underwent
stimulation of left DLPC, (20 Hz, 100% MS, 40 x 2
sec for over 20 minutes) (Nahas et al. 2000). Rollnik et
al. (2000) carried out stimulation on 12 psychotic
patients suffering from hallucinations [20 Hz, 80 %
MS], once again at the level of left DPFC for over 14
days, within a crossover study. The Brief Psychiatric
Rating Scale (BPRS), which mainly assesses productive
symptoms, has shown a significant improvement of
psychotic symptoms, whereas affective and negative

Table 3a. Therapy of schizophrenia

symptoms were unchanged. Hoffman et al. (2003) have
shown in a recent study a considerable improvement
of acoustic hallucinations within the context of low
frequency stimulation and at an intensity of 90% of
motor threshold on the left temporal lobe. There was a
significant reduction of hallucination frequency in the
actively treated group compared with the placebo group.
In 52% of the treated patients, this effect remained at
the least for 15 weeks. A recent meta-analysis proves
the effectiveness of rTMS in suppressing auditory
hallucinations (Aleman et al. 2007). Due to the
variability of technical parameters of rTMS itself, this
technique is proving to be an interesting option, though
still experimental, in the treatment of schizophrenic
syndrome in its different manifestations, as well as in
research on neural circuits that are responsible for the
syndrome (Stanford et al. 2008).

5. Potential therapeutic possibilities in the
treatment of pain

Symptomatic pain therapy has up to now been
carried out through either spinal cord stimulation (SCS)
or electric stimulation of the motor cortex (Carroll et
al. 2000, Tsubokawa et al. 1993). In 2000, Pridmore
and Oberoi (2000) first described the basic hypothesis
that contributed to a potential analgesic effect caused
by TMS. Secondly they assumed that nociceptive
stimulation may cause some plastic alterations in the
central nervous system, and that TMS may act at the
neuroplastic level. In this way, plastic alterations may
be compensated by nociceptive stimulation. In the
meantime, several other clinical studies have been
published. Lefaucheur et al. (Lefaucheur et al. 1999)
were among the first researchers to carry out a study

Authors n Kind of Spot Frequency %MS Sessions Stimula
survey (Hz)
Nahas 15 crossover LDLPC 20 100 1 1600
sham
Rollnik 12 Double LDLPC 20 80 10 8000
blind
crossover
Hoffman 12 Double Temporal 1 80 4 ?
blind parietal left
crossover
d’Alfonso 9 open temporal 1 80 10 12000
left
Hoffman 24 Double Temporal 1 90 9 7920
blind parietal
randomized left
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Table 3b. Therapy of schizophrenia

Authors Results
Nahas Significance after 1 day nel SANS
Rollnik Significative improvement of BPRS after 14 days. No significancy in case of depressive symptoms (BDI)
and phobia symptoms (STAI)
Hoffman Significative improvement of the symptomatic on a scale from 0 to 10 points on the third and fourth day
d’Alfonso Significative improvement after one week on a standardized hallucination scale
Hoffman Significative reduction of hallucinations on the Hallucination Change Scale in the verum group in
comparison with the placebo group
75 % of patients with active stimulation were receptive

with TMS, in which 4 out of 8 patients under treatment
showed a considerable improvement of their chronic
pain symptoms. Rollnik et al. (2002) have reported an
improvement of symptomatology in a cross-over study
with 12 patients suffering from chronic pain symptoms,
but no statistically significant difference was assessed
between the two groups of patients (active stimulation
versus placebo). The research team led by Kanda
(Schonfeldt-Lecuona et al. 2003) demonstrated that
TMS on sensory-motor cortex may lead to reworking
central pain; TMS on the secondary sensory-motor
cortex would suppress central pain reworking.

This fact represents a first step towards under-
standing these mechanisms and the therapeutic
possibilities of pain treatment with TMS. In spite of an
increasing number of partly controlled studies and
already assessed data, stimulation parameters to be
used, as well as the stimulation spot still seem to be far
from being perfectly clarified and specified
(Schonfeldt-Lecuona et al. 2003).

6. rTMS in the treatment of tinnitus

Low frequency rTMS was also suggested to alle-
viate tinnitus perception, as it inhibits cortical activity
associated with tinnitus. Some positive results are
available in several studies (Lefaucheur 2008). It must
be noted that it was possible to combine rTMS with
neuroimaging methodologies in this field, in order to
select both the stimulation spot, and the adequate
stimulation individually, thus opening the way to a
further potential application field of TMS, that is in
therapeutic adaptation of the individual patient
(Kleinjung et al. 2007).

Summary

The application of TMS / rTMS is a safe method
and has moderate and, above all, well known side
effects. Stimulation techniques represent a reliable
survey and diagnostic tool; moreover, it has a high
potential in the therapeutic field, most of which is still
experimental, but surely able to extend current treatment
possibilities that are now available for the clinician, as

Clinical Neuropsychiatry (2009) 6, 6

has been the case with mood disorders.

Research on complex cognitive functions through
TMS, combined with such diagnostic procedures as
PET, SPECT or fMRI, may open new doors to
neuropsychiatry. In fact, TMS and rTMS enable to
understand the functioning of neuronal networks and
to have an idea of brain organisation. After a traumatic
episode, improvement of the cognitive performances
by means of non-invasive magnetic stimulation may
develop into a promising discipline in many ways and
application fields. Thanks to the possibility to modula-
te higher cognitive functions from the outside and
without any invasive operation, TMS represents a
unique research tool that is still able to give essential
information on brain organising structure.

The challenge of the next years will be to
understand how to adopt dynamic configuration of
rTMS physioelectricity in an optimal way. In fact, in
addition to the repeated survey parameters to be
inquired such as the coil design, frequency, duration of
the single stimulus and of the whole number of sessions,
intensity, interval between two stimulation sessions, and
so on, also stimulation frequencies called theta, beta
and alpha burst are being developed and researched on.
The latter are based on a model consisting of neuronal
groups associated to specific functions and their
activities are very similar to the activities of neurons
themselves (Plewina et al. 2007).
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