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Abstract. — OBJECTIVE: Transcranial mag-
netic stimulation (TMS) is a noninvasive tech-
nique for brain stimulation often used as a diag-
nostic and therapeutic therapy in neuroscience
and psychiatry for different diseases including
epilepsy, stroke, multiple sclerosis, and treat-
ment-resistant major depressive disorders,
such as autism and schizophrenia.

MATERIALS AND METHODS: Recent studies
have shown the enhanced benefits of using TMS
for its potential to provoke changes in the physi-
ological processing of the human brain.

RESULTS: In the current review article, em-
phasis will be placed on both the applications of
TMS as well as the different types of TMS used to
benefit subjects with epilepsy, stroke, and mul-
tiple sclerosis. Furthermore, we aim at discuss-
ing the potential of using TMS for the treatment
of neurological diseases.

CONCLUSIONS: By paying special consider-
ation to a Middle Eastern context, we aimed at il-
lustrating the possibilities that TMS could bring
for clinicians and patients in this nationally pri-
oritized research field.
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Introduction

Transcranial Magnetic Stimulation (TMS) is a
non-invasive technique for brain stimulation ex-
tensively used in basic research and clinical neu-
rophysiology, including intraoperative monitor-
ing and rehabilitation intraoperative monitoring'.

The recent integration of TMS with imaging
techniques extends the possibilities of TMS even
further interesting tool to understand brain physi-
ology. For instance, the combination of TMS with
structural and functional Magnetic Resonance

Imaging (MRI) allows the orientation and navi-
gation of TMS over the human cortex (neuronav-
igation) and provides the means for the relatively
precise mapping of a given body representation in
the motor cortex!'”. A paired-pulse TMS (i.e. two
consecutively applied TMS pulses) can be used
to evaluate excitatory/inhibitory intracortical cir-
cuits, thereby providing information on the phys-
iology of the brain as well as the pathophysiology
of various neuropsychiatric diseases®. Moreover,
this technique may also be used to investigate the
mechanisms of brain plasticity and the effects of
neuroactive drugs on neural excitability®. A re-
petitive TMS (fTMS) uses fast, repeating pulses
for a given length of time, which subsequently
reveals lasting changes in neural excitability in
the target area within a time range of 10-30 min-
utes. rTMS has made possible to use TMS in the
treatment of neuropsychiatric diseases, which
are related to brain excitability dysfunctions’.
A specific rTMS device was approved by the
Food and Drug Administration for the treatment
of patients with medication-refractory unipolar
depression who have failed one substantial (but
not more than one) pharmacological trial while
TMS is already approved for use in Canada and
Israel for the treatment of medication-refractory
depression'®. There are multiple interesting op-
portunities for TMS in terms of research, reha-
bilitation, and treatment options. Unfortunately,
there are some limitations of TMS, which require
a high level of attention. In this review, we will
illustrate the TMS protocols that are currently in
use and outline recent TMS studies on rehabilita-
tion and the treatment of neurological disorders.
In addition, we shall discuss the current status
of TMS research and rehabilitation in the Middle
East. The benefits of an increase in TMS research
for patients and the public health care system es-
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pecially with reference to Saudi Arabia will also
be highlighted.

Applications

Long-lasting influences on the brain depend
on changing synaptic strength and cause cer-
tain anatomical changes, such as alterations in
dendritic spines or sprouting'’. Since such ana-
tomical changes are a secondary consequence
of prolonged changes of synaptic strength, TMS
stimulation can be used to change neural process-
ing via changes in synaptic connectivity.

The therapeutic utility of TMS encompasses
psychiatric disorders, such as depression, acute
mania, bipolar disorders, panic, hallucinations,
obsessions/compulsions, schizophrenia, catato-
nia, post-traumatic stress disorder, and/or drug
cravings'?. Furthermore, certain neurologic dis-
eases have been reported to have benefited from
TMS treatment, such as Parkinson’s disease, dys-
tonia, tics, stuttering, tinnitus, spasticity, epilepsy,
rehabilitation of aphasia, hand functions recovery
after stroke, pain syndromes, such as neuropathic
pain, visceral pain, or migraine®.

Stroke

Stroke can be classified into two categories:
ischemic stroke and hemorrhagic stroke'. Isch-
emic stroke occurs due to loss of blood supply to
part of the brain'. After three hours of ischemia,
the brain tissues will suffer from irreversible inju-
ry'®. A hemorrhagic stroke, in contrast, results in
tissue injury by causing compression of the brain
tissue from an expanding hematoma'’. However,
a hemorrhagic stroke can also be due to hyper-
tension, a ruptured aneurysm, AV fistula, and
drug-induced bleeding'®.

The incidence of stroke in the Saudi popula-
tion has been estimated to be 29.9 per 100000,
Although the prevalence of stroke is high, phar-
macological therapy has still not been properly
implemented in areas outside major general hos-
pitals. Given this situation, it seems very unlikely
that advanced methods like TMS would be ac-
cepted as a therapeutic option.

Functional Mapping In Post Stroke
Recovery

The molecular and cellular changes that occur
after a stroke are reflected by a significant reor-
ganization of the post-lesion motor cortical map
depending on the initial size of the lesion and its
precise position in the brain. Consequently, the
reorganization of motor cortical maps induced by

small M1 lesions is not necessarily easy to detect
by custom stimulation/imaging techniques out-
side the core of the lesion.

TMS mapping enables tracking of the process-
es arising during/after stroke (i.e. during recov-
ery) and measures the post-stroke brain plasticity
resulting from therapeutic interventions. Motor
Evoked Potential (MEP) amplitude of arm or hand
muscles after a stroke occurs and was shown to
predict the degree of behavioral recovery weeks
to months later 2°. Moreover, rTMS can determine
whether a particular region participates in a re-
covered function by assessing whether focal stim-
ulation of that region alters behavior®'.

Beyond Cortical Mapping: Modulating
Cortical Excitability with Therapeutic
Intent

There is now considerable evidence showing
that during the occurrence of voluntary movement
after stroke, the interhemispheric inhibitory that
drives from the unaffected to the affected motor
cortex is abnormal'®. After a stroke, there is acute
increased inhibitory input from the healthy to the
lesioned hemisphere. This is thought to manifest
as a result of the neural attempt to control peri-le-
sion activity. Following the acute phase, however,
a shift of interhemispheric interactions from in-
hibitory status to excitatory status is expected in
order to maximize the capability of the preserved
neurons in the injured tissue in order to drive be-
havioral output®. If such a shift should fail to take
place, the resulting functional outcome may be
unfavorable, with limited behavioral restoration,
in part owing to persistent inhibitory inputs from
the healthy to the injured hemisphere. In fact, some
neuroimaging studies have demonstrated that long-
term, persistent activation of the ipsilateral cortex
during motor tasks is associated with poor motor
outcomes, whereas a good motor recovery is asso-
ciated with a decrease in activity of the unaffected
motor cortex and an increase in the affected pri-
mary sensorimotor cortex activity?*. Leveraging
this information, it can be conceived that suppres-
sion of the ipsilateral motor cortex through low
frequency (inhibitory) rTMS may enhance motor
performance in patients who are stable following
the acute phase of a stroke. Longitudinal studies
using larger samples of patients following a stroke
and the correlation of interhemispheric interac-
tions with functional measures are needed in order
to further explore these avenues.

Much of the spontaneous recovery from stroke
after the acute initial phase is based on plastic
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changes in the brain. One therapeutic approach to
increase neural plasticity in the lesioned region is
through using TMS. In fact, -TMS administered
over the ipsilesional motor cortex for 10 days was
shown to significantly improve patients’ disability
scores®. Moreover, in patients with chronic hemi-
paretic stroke, TTMS applied over the ipsilesional
primary motor cortex (M1) resulted in a signifi-
cantly larger increase in the MEP amplitude®.
Additionally, neural plastic changes were pos-
itively associated with enhanced motor perfor-
mance accuracy>*.

Another approach to brain stimulation is to
target the contralesional M1, which inhibits the
ipsilesional M1 via transcallosal inhibition (TCI).
A previous study showed that after the neural ex-
citability of the contralesional M1 which was in-
duced by using 1 Hertz rTMS, there was a visible
reduction in TCI duration and in the amplitude of
MEPs within the contralesional M1%°. Addition-
ally, rTMS immediately induced an improvement
in the pinch acceleration of the affected hand,
which significantly correlated with a reduced
TCI duration®-%27, It has been observed that in
stroke patients with hemiplegia after rTMS of the
damaged hemisphere was conducted, MEPs are
often absent. Similarly, low amplitude MEPs with
increased motor threshold and prolonged Cen-
tral Motor Conduction Time (CMCT) can be ob-
served in patients with paresis?®. Taken together
then, TMS has been shown to be a good predictor
of stroke rehabilitation results.

Multiple Sclerosis

Multiple Sclerosis (MS) is a central nervous
system disease that involves the grey and white
matter of the brain and spinal cord where demy-
elinating and inflammatory processes take place.
It affects many aspects of a patient’s life includ-
ing their social, personal, and professional life.
The underlying cause of multiple sclerosis is un-
known*-3!, However, based on previous studies*?,
patients with early stages of MS were shown to
activate more brain regions adjacent to the affect-
ed brain zones, although they were able to per-
form the tasks normally before their cognitive
functions declined.

TMS is considered to be one of the most sen-
sitive tools that can be used for diagnostic pur-
poses in patients with MS*-# specifically when
interhemispheric inhibition occurs between the
motor cortices. The effect of repetitive transcra-
nial magnetic stimulation (fTMS) was observed
in 19 patients with relapsing-remitting multiple
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sclerosis, who had demonstrated lower limb spas-
ticity. Daily sessions along with two weeks of 5
Hz-rTMS protocols applied to the primary motor
cortex, contralateral to the affected limb, result-
ed in an improvement of lower limb spasticity®.
Using rTMS can enhance the gait abnormality in
MS patients. This was reported in a patient with 4
years history of relapsing remitting multiple scle-
rosis*. Moreover, rTMS can be useful for MS pa-
tients who experienced cerebellar dysfunction, a
finding observed in a study involving MS patients
with dysmetria who showed an improvement in
hand dexterity after the application of 5 Hz-rTMS
to the hemisphere that was contralateral to the
affected hand®’. The application of 5 Hz-rTMS
(applied to the motor cortex) showed an improve-
ment in the voiding phase of the urinary tract.
This result could be due to the excitability of the
corticospinal tract, which could improve detrusor
muscle contraction and/or sphincter relaxation?®.
TMS in combination with MS medications was
shown to improve fatigue and depression among
MS patients¥. There are many reasons for con-
sidering rTMS in MS patients who suffer from
cognitive dysfunction including the absence of
pharmacological methods to treat cognitively im-
paired MS patients, functional reorganization of
the patient’s brain through changing the function-
al connectivity that takes place in different brain
regions, no major concerns or complications from
using rTMS, and the beneficial effects of using
TMS in terms of enhancing the cognitive func-
tion among subjects suffering from different neu-
rological diseases*’.

Current and Future Scenario for Using
TMS in Saudi Arabia

Compared to other countries, the average age
of the Saudi Arabia population is quite younger.

However, increasing age could lead to an upsurge

in neurological dysfunctions and diseases. The ac-

companying costs of treatment have to be covered
either privately or by the public health care system.

The main challenges of neurological research
and rehabilitation in Saudi Arabia are as follows:

1) Lack of a commonly accessible database
with precise statistical data for various dis-
ease models.

2) Lack of specialized and coordinated centers
(such as brain stimulation centers) for the
treatment or diagnostics of such diseases.

3) Insufficient knowledge about noninvasive
brain stimulation techniques and its applica-
tions.
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4) Uncoordinated activity between neurosur-
geons, psychiatrists, cardiologists, radiolo-
gists, physical therapists, anesthesiologists etc.
and the lack of knowledge transfer between
such medical personnel and researchers.

Given the common interest in solving the afore-
mentioned difficulties between research and med-
ical groups, the investment in research/rehabilita-
tion should prove to be one of the most promising
and efficient interventions in Saudi Arabia. Con-
sidering the above challenges, the opportunities
for TMS research in Saudi Arabia are immense
and very promising. Some of these opportunities
are as follows: establishment of a database of well
recorded data for statistical evaluation, establish-
ment of competence centers for training of TMS
researchers in the various fields of neuroscience
and improving collaborations between medical
and research personnel for the benefit of patients
and the public health care system. A collaborative
network between different disciplines involved in
modern rehabilitation is of utmost importance.

Providing active rehabilitation measures and the

use of modern rehabilitation techniques (such as

TMS), can considerably lower the morbidity and

economic burden of neurological treatment for

the victims and their families on a social and na-
tional level.

Conclusions

Transcranial magnetic stimulation is an ex-
cellent and well-established physiological tool,
which complements other noninvasive methods
for studying human brain physiology. It has prov-
en its effectiveness in diagnostics and carries a
high potential for therapeutic use. The main clin-
ical applications of TMS concern testing of the
functional integrity of the corticospinal tract in
patients with disorders affecting the central ner-
vous system. The applications of standard TMS
in neurological disorders provide comprehensive
information including — but not limited to — the
detection of subclinical upper motor neuron in-
volvement, localization of the anatomical sites
of lesions, longitudinal monitoring of motor ab-
normalities during the course of diseases, and in
differential diagnostics. More complex protocols
of TMS provide information about the central
mechanisms underlying changes in the cortico-
motor neuronal excitability in various neurologi-
cal conditions. The repetitive TMS of brain areas
opens up a new field of investigation pertaining

to cognitive function and mood and of therapeu-
tic possibilities. Moreover, the ability of TMS
to measure and modify cortical activity offers
multiple possibilities to apply this methodology
to clinical neurology, neurorehabilitation, and
psychiatry. A longer follow-up in patients that
receive treatment with TMS is needed, in order
to evaluate the long-term effects. It is also im-
portant to individualize the best parameters and
targets for each patient in line with their pathol-
ogies. The development of new techniques and
combinations with other techniques will improve
the knowledge of the human brain and the treat-
ment of neurological disorders. The diagnostic
and therapeutic potential of TMS, therefore, is
evident and holds great promise. With further re-
search and careful considerations, new effective
techniques could be developed to further promote
the integration of neurostimulation methods into
clinical settings. TMS technology is a relative-
ly new tool to be utilized as a reliable treatment
modality for neurological patients. Developing
countries such as Saudi Arabia, could play a piv-
otal role in the scientific promotion of TMS and
utilize it for the benefit of Saudi patients. TMS,
thus, brings new hope in terms of being a cost
effective form of intervention that will hopeful-
ly improve the quality of life for patients both in
Saudi Arabia and across many other countries of
the world.
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