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Abstract: Transcranial magnetic stimulation (TMS) is a form of focal electrical brain stimulation where electrical currents are
induced in the brain using a powerful magnetic field. TMS has been approved for the treatment of major depression using a
specific high frequency repetitive TMS (rTMS) protocol. Recently, low frequency rTMS (0.3-1 Hz), resulted in lasting reduction
in cortical excitability suggesting a potential therapeutic value for patients with intractable epilepsy. The risks of rTMS are
minimal but include a small possibility of triggering seizures. In this paper we present a comprehensive updated review on the use
of TMS for the treatment of epilepsy. We conclude that TMS has a potentially important therapeutic role and should continue to

be evaluated in properly designed clinical trials.
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INTRODUCTION

Epilepsy is defined as recurrent unprovoked seizures resulting
from abnormal excessive electrical cortical discharges (1).
Despite the development and availability of many antiepileptic
drugs (AEDs), 25-35% of patients remain intractable (2). Non-
pharmacological treatments are considered for drug resistant
patients and include epilepsy surgery, noninvasive brain
stimulation, and modulation techniques. One of these
modalities is transcranial magnetic stimulation (TMS), a safe
and well-tolerated method for focal electrical brain stimulation
where small intracranial electric currents are induced by
strong and fluctuating extracranial magnetic fields (3,4).
Repetitive TMS (rTMS) is a variation of TMS where
stimulation is provided in sessions at various frequencies and
durations to induce longer-term cortical excitation or
inhibition depending on the stimulation rates (5). The
electromagnetic impulse painlessly and safely passes through
the skin and skull. A motor response is elicited at a certain
threshold when TMS is applied on the motor area (motor
threshold). Then, a number of parameters are determined to
reach different treatment goals including the number of
stimulations, stimulation intensity, stimulation frequency,
length of intervals between stimulations, and targeted areas of
the brain (6,7). In this paper we present an updated review on
the use of TMS for the treatment of epilepsy.
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HISTORIC PERSPECTIVES

TMS causes electromagnetic induction, a process in which
electrical energy is converted into magnetic energy. Faraday
initially established this concept in 1831 and argued that the
relation between electrical energy and magnetic field was
reciprocal (8). Human experiments revealed that the use of
magnetic coils applied over the scalp could stimulate the
neurons of patients and potentially treat depression, epilepsy
and other psychiatric disorders (9). The main challenge of
early studies was to consistently elicit such effects by
stimulating clearly identified areas on the head. In addition,
the initially produced TMS machines (capacitors) were not
capable of generating high enough intensity or frequency
stimulations. The current clinical use of TMS started back in
1985 when Barker and others produced the initial modern
prototype machine in Sheffield, UK (10). Further technical
advances allowed for higher rates of repetitive stimulation
(11). The Food and Drug administration (FDA) of the United
States approved TMS in 2008 for treating selected patients
with depression (12). TMS remain under investigation for
other psychiatric and neurologic conditions, including epilepsy
(13).

TECHNICAL ASPECTS

Different components of the TMS mechanism from the pulse
inside the coil to the intensity of the stimulation follow the

International Journal of Medical Science and Clinical Invention, vol. 4, Issue 10, October, 2017



Prof. Mohammed M.S. Jan et al / Transcranial Magnetic Stimulation and Epilepsy

fundamental laws of physics. The equipment is generally
simple and consists of a transformer for charging a large
capacitor, which rapidly discharges to create a magnetic field
pulse in the stimulation coil (Fig 1,2). There are circuits to
control the intensity and repetition of the pulses. The
maximum voltage is around 2000 volts generating currents of
around 10000 Amps. It is necessary to have a high-voltage
electrical input for effective stimulation (14). Once the device
is charged with electrical current, magnetic fields develops
around the coils (Fig 3). If there are two coils beside each
other (butterfly design shown in figure 2), the electrical energy
is concentrated in the central joint area for targeted area
stimulation (15). The current rTMS equipment is capable of
producing magnetic induction as deep as two centimeters into
the brain (Fig 3). This technology can easily excite cortical
regions as deep as the gray-white matter junction causing
electrical changes in the range of 70 millivolts (15). Therefore,
deeper structures are not accessible for direct TMS.

PATHOPHYSIOLOGY

In epilepsy, the mechanism by which TMS may suppress
seizures is not completely understood, but likely relates to the
physiologic phenomena of synaptic plasticity where repetitive
electrical brain stimulation leads to lasting changes in
neuronal signaling. In epilepsy, low frequency electrical
cortical stimulation at 0.3-1 Hz reliably reduces regional
cortical excitability (16). Thus, if it is assumed that excess
cortical excitability is a critical abnormality in epilepsy then
suppression of regional cortical excitability could reduce
seizure frequency. Numerous open label trials and a few
placebo-controlled  experiments support an eventual
therapeutic role for TMS when applied over the epileptogenic
region (17-21). These effects occur even when TMS is applied
on a neutral scalp location, such as the vertex. Interestingly,
the favorable response of some patients with focal epilepsy to
TMS outside of the epileptogenic zone and in one series a
favorable response of patients with primary generalized
seizures to TMS raises the possibility of a widespread
therapeutic benefit elicited by focal cortical stimulation
(22,23). From a scientific perspective, this suggests that the
TMS antiepileptic mechanism may not be as simple as local
suppression of intra-cortical excitability, but rather a network
resetting effect.

TMS Epilepsy Protocols

TMS protocols may be divided into single-pulse TMS
(SpTMS), paired-pulse TMS (ppTMS), and repetitive TMS
(rTMS). In epilepsy, spTMS and ppTMS can be useful for
presurgical mapping of cortical function and for detecting
abnormalities in the cortical excitation inhibition ratios (24).
Repetitive TMS (particularly low-frequency rTMS) has been
tested as a means to induce lasting reductions in cortical
excitability and thus reduce seizure frequency. The ppTMS as
a means to assess cortical inhibition or facilitation is emerging
as a potentially practical measure of the excitation-inhibition
ratio in patients with epilepsy. It is more experimental than
clinical, but may have a role in patient management in the near
future. In most ppTMS protocols two closely spaced TMS
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pulses are delivered to the motor cortex to elicit contractions
of a hand muscle that is measured as a motor evoked potential
(MEP) by electrodes connected to the skin of the hand. The
first of the pair of pulses activates an inhibitory cortical
response such that when a second TMS pulse is delivered to
the same region, the motor response is reduced. The ratio
between motor responses to the initial (conditioning) and
second (test) pulse reflects the efficiency of inhibitory
signaling. Thus in epilepsy syndromes characterized by
deficient cortical inhibition, ppTMS may help to track disease
severity. Similarly, ppTMS may also aid in measuring the
effectiveness of treatments aimed to improve cortical
inhibition in epilepsy.

There is still no agreement on optimized stimulation
parameters of rTMS for epilepsy (25). The patterns of rTMS
application to achieve the maximum efficiency are still not
clear. TMS effects are highly variable across individuals and
depend on parameters such as frequency (Hz), number of
stimuli within a train, stimulation intensity, type of coil, coil
position, duration of stimulation, and inter-train interval (26).
However, in general, low frequency (<1 Hz) rTMS reduces
cortical excitability, while higher frequencies (conventionally
standardized as >1 Hz) enhance cortical excitability (27).
These effects are analogous to those of long-term depression
(LTD) and long-term potentiation (LTP) phenomena, and it is
the LTD-like depression induced by low-frequency rTMS that
has interested the epilepsy community as a potential
therapeutic tool for seizure suppression. Such stimulation is
provided at 80-90% of motor threshold (28). Although patients
with refractory epilepsy showed a significant decrease in the
number of seizures in a randomized sham-controlled clinical
trial of low-frequency rTMS, well-designed multi-parametric
rTMS studies, with strict inclusion criteria, are needed to
increase data consistency and to ascertain reproducibility of
such effects. Such studies should take into consideration
different underlying epileptogenic mechanisms and etiologies.

TMS and KINDLING

Kindling is a process in which repetitive cortical stimulation
results in enhanced epileptic tendency (29). The cerebral
cortex is generally more resistant to kindling than the limbic
system. Investigators have examined possible kindling effects
with rTMS frequencies of 0.1, 0.5, 1, and 2 Hz (29). The
kindling process and subsequent seizures were unlikely to
develop unless >10Hz stimulation was used. This is therefore
should not be encountered in standard low frequency rTMS
protocols. In fact, such stimulation rates have preventive
effects in addition to reducing neuronal excitability (30,31).

RISK OF SEIZURE EXACERBATION

TMS is generally safe with some potential side effects
including transient headache, pain at the site of stimulation,
discomfort due to muscular contraction, and transient tinnitus
occurring in up to 15% of patients (32). Although very rare,
induced seizures are the most worrisome adverse effect of
rITMS, and therefore, it is especially important given the
seizure-prone profile of patients with epilepsy. Reports have
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been published about epileptic foci activation by rTMS in
patients with medically intractable complex partial seizures, as
well as seizure induction in patients with epilepsy and in
healthy volunteers (33). It seems that rTMS is more likely to
induce seizure, compared with single or paired pulse TMS. A
detailed analysis of 30 studies of TMS in epilepsy patients
estimated a crude per subject seizure risk of 1.4% (16). A
more recent study found a crude risk of seizures per subject
during rTMS of 2.9% (34). Such association is not necessarily
causal as most patients had ongoing frequent seizures and
therefore seizures in patients with severe epilepsy may be
coincidental. While this finding supports the safety of rTMS, it
should be interpreted with caution considering the
heterogeneity of rTMS application duration among different
patients (35). Baseline seizure frequency seems to be an
important potential confounder, given that low-frequency
rTMS is most probably administered to patients with severe
epilepsy. Future studies controlling for baseline seizure
frequency are therefore required to obtain more data on risk
factors for seizures associated with rTMS application.

It is also relevant to assess whether other factors can increase
the risk of seizures associated with rTMS. One potential risk
factor is the use of antidepressant drugs. In one study, 6 out of
the 8 seizures among individuals without epilepsy occurred in
patients that were taking antidepressant drugs (32). However,
a meta-analysis of randomized, double blind, and sham
controlled studies of rTMS combined with antidepressants for
treatment-resistant depression did not report any seizures (36).
It is important to note that rTMS protocols for depression
generally use high-frequency stimulation, which warrants a
need for assessing its safety when applied to patients with
concurrent epilepsy. Considering that it is common for
patients with epilepsy to have psychiatric comorbidities,
further studies comparing risks of seizures are required (37).
This could provide greater understanding of both the
protective effects of antiepileptic drugs and the pro-convulsive
effects of antidepressants on seizure induction during rTMS.

FUTURE DIRECTIONS

Further studies are needed to better understand the
responsiveness of different epileptic to rTMS. Several other
questions need to be addressed including the long-term
antiepileptic effects, role of co-administration of AEDs, and
role of TMS in the acute seizure management (38). Safety
concerns and risk-benefit ratios needs further assessment
given the varying operating parameters and used devices.
Structured and consistent training instructions and guidelines
for rTMS are needed. Such guidelines should take in
consideration the growing and evolving evidence produced by
ongoing studies. Finally, some cortical regions may require
different types of rTMS treatment protocols (39). Investigating
different parameters, including the intensity, quantity of pluses
in each session, and quantity of sessions for a given cortical
region are needed, particularly in regards to therapeutic
outcomes (39).

CONCLUSIONS
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TMS is an important and promising technology in treating
selected patients with epilepsy. Research advances are
coinciding with industry interests and developments making it
more readily available at reasonable cost. This would translate
into greater accessibility to TMS for both clinical and research
work relating to patients with intractable epilepsy, particularly
those who are not surgical candidates. Specifically, TMS has a
potentially important therapeutic role in selected patients with
partially originating seizures. Although there are some minor
or transient side effects, rTMS is considered very safe with a
potential for achieving a greater role in the field of epilepsy in
the future.

Fig 1: Examples of TMS consoles from different
manufacturers.

Source: http://www.medicalexpo.com

Fig 2: Stimulation coils with a preferred butterfly design. A:
Lighter coil suitable for focused stimulations equipped with
power control and trigger button (in red). B: Heavier cooled
coil designed for demanding stimulation protocols requiring a
high number of stimuli and connected to an external Cooler
Unit (C).

Source: http://www.magventure.com
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Fig 3: Using the butterfly coil, the stimulation is maximal at
the center of the coil where the two circulating currents join
reaching a cortical depth of stimulation of around 2 cm.
Source: http://nuffieldbioethics.org

e —

TMS coll - high current
Magnetic field

Induced electric field

References

1- Fisher RS, Acevedo C, Arzimanoglou A, Bogacz A, Cross
JH, Elger CE, et al. ILAE official report: a practical clinical
definition of epilepsy. Epilepsia 2014;55(4):475-82.

2- Kwan P, Brodie MJ. Early identification of refractory
epilepsy. N Engl J Med 2000;

342(5):314-9.

3- Theodore WH. Transcranial magnetic stimulation in
epilepsy. Epilepsy Curr 2003;3(6):191-7.

4- Kobayashi M, Pascual-Leone A. Transcranial magnetic
stimulation in neurology.

Lancet Neurol 2003;2(3):145-56.

5- Wassermann EM, Lisanby SH. Therapeutic application of
3259

repetitive transcranial magnetic stimulation: a review. Clin
Neurophysiol. 2001;112(8):1367-77.

6- Khomami S, Rostami R. Remedy of Social Functions and
Symptoms of Depression before and after Repetitive
Stimulation (rTMS) on the Skull in Major Depression Patients
[dissertation] Tehran: University of Tehran; 2008.

7- Sadock BJ, Sadock VA, Ruiz P. Applied
Electrophysiology. In: Boutros N, lacono W, Galderisi S,
editors. Kaplan and Sadock’s Comprehensive Textbook of
Psychiatry. 9th ed. Philadelphia: Lippincott Williams and
Wilkins; 2009. pp. 211-48.

8- Marcolin MA, Padberg F. In: Transcranial Brain
Stimulation for Treatment of Psychiatric Disorders. 1st ed.
Kaschka WP, Gattaz WF, editors. Switzerland: S. Karger;
2007. 230 pp.

9- George MS, Belmaker RH. Transcranial Magnetic
Stimulation in Neuropsychiatry. 1st ed. Vol. 37. Washington:
American Psychiatric Press; Inc; 2007. pp. 269-87.

10- Barker AT, Jalinous R, Freeston IL. Non-invasive
magnetic stimulation of human motor cortex. Lancet.
1(8437):1106-7.

11- Pascual-Leone A, Valls-Sole J, Brasil-Neto JP, Cohen LG,
Hallett M. Akinesia in Parkinson’s disease. 1. Shortening of
simple reaction time with focal, single-pulse transcranial
magnetic stimulation. Neurology. 1994;44(5):884-91.

12- Cook 1. Transcranial magnetic stimulation (repetitive
transcranial magnetic stimulation, rTMS) [internet]. [cited
2015 Jan 1]. Available from: http://www.neuromodulation.
com/TMS; 2012.

13- Machii K, Cohen D, Ramos-Estebanez C, Pascual-Leone
A. Safety of rTMS to non- motor cortical areas in healthy
participants and patients. Clin Neurophysiol 2006;117(2):455-
71.

14- Roth BJ, Cohen LG, Hallett M. The electric field induced
during magnetic stimulation. Electroencephalogr and Clin
Neurophysiol Suppl. 1991;43:268-78.

15- Rezayi-Koochaksarayi M. The Effect of Repetitive
Magnetic Stimulation of the Skull (rTMS) on Drug
Consumption and Psychological Well-being in
Methamphetamine (crystal) Dependent Addicts [dissetation]
Tehran: University of Tehran; 2011.

16- Bae EH, Schrader LM, Machii K, Alonso-Alonso M,
Riviello JJ, Pascual-Leone A, et al. Safety and tolerability of
repetitive transcranial magnetic stimulation in patients with
epilepsy: a review of the literature. Epilepsy Behav
2007;10(4):521-8.

17- Fregni F, Thome-Souza S, Bermpohl F, Marcolin MA,
Herzog A, Pascual-Leone A, et al. Antiepileptic effects of
repetitive transcranial magnetic stimulation in patients with
cortical malformations: an EEG and clinical study. Stereotact
Funct Neurosurg 2005; 83(2-3):57-62.

International Journal of Medical Science and Clinical Invention, vol. 4, Issue 10, October, 2017


http://nuffieldbioethics.org/

Prof. Mohammed M.S. Jan et al / Transcranial Magnetic Stimulation and Epilepsy

18- Menkes DL, Gruenthal M. Slow-frequency repetitive
transcranial magnetic stimulation in a patient with focal
cortical dysplasia. Epilepsia 2000;41(2):240-2.

19- Daniele O, Brighina F, Piazza A, Giglia G, Scalia S,
Fierro B. Low-frequency transcranial magnetic stimulation in
patients with cortical dysplasia. J Neurol 2003;250(6): 761-2.

20- Brasil-Neto JP, De Aradjo DP, Teixeira WA, Aradjo VP,
Boechat-Barros R. Experimental therapy of epilepsy with
transcranial magnetic stimulation: lack of additional benefit
with prolonged treatment. Arq Neuropsiquiatr 2004;62(1):21—
5.

21- Misawa S, Kuwabara S, Shibuya K, Mamada K, Hattori T.
Low-frequency transcranial magnetic stimulation for epilepsia
partialis continua due to cortical dysplasia. J Neurol Sci
2005;234(1-2):37-9.

22- Fregni F, Otachi PTM, DoValle A, Boggio PS, Thut G,
Rigonatti SP, et al. A randomized clinical trial of repetitive
transcranial magnetic stimulation in patients with refractory
epilepsy. Ann Neurol 2006;60(4):447-55.

23- Sun W, Mao W, Meng X, Wang D, Qiao L, Tao W, et al.
Low-frequency repetitive transcranial magnetic stimulation for
the treatment of refractory partial epilepsy: a controlled
clinical study. Epilepsia 2012;53(10):1782-9.

24- Wassermann EM. Risk and safety of repetitive transcranial
magnetic stimulation:

report and suggested guidelines from the International
Workshop on the Safety of Repetitive Transcranial Magnetic
Stimulation, June 5-7, 1996. Electroencephalogr Clin
Neurophysiol 1998;108:1-16.

25- Post RM, Speer AM, Weiss SR, Li H. Seizure models:
anticonvulsant effects of ECT and rTMS. Prog in
Neuropsychopharmacol Biol Psychiatry. 2000;24(8):1251-73.

26- Anderson B, Mishory A, Nahas Z, Borckardt J, Yamanaka
K, Rastogi K, et al. Tolerability and safety of high daily doses
of repetitive transcranial magnetic stimulation in healthy
young men. J ECT 2006;22(1):49-53.

27- Pascual-Leone A, Amedi A, Fregni F, Merabet LB. The
plastic  human brain cortex. Annu Rev Neurosci
2005;28(1):377-401.

28- Kinoshita M, lkeda A, Begum T, Yamamoto J, Hitomi T,
Shibasaki H. Low-frequency repetitive transcranial magnetic
stimulation for seizure suppression in patients with
extratemporal lobe epilepsy-a pilot study. Seizure.
2005;14(6):387-92.

29- Yadollahpour A, Firoozabadi SM, Mirnajafizade SJ.
Investigating the Anticonvulsant Effects of Repetitive
Transcranial Magnetic Stimulation on Perforant Path Kindling
Model in Rats. Zah J Res Med Sci. 2015;17(2):37-41.

30- Wassermann EM. Risk and safety of repetitive transcranial
magnetic stimulation: report and suggested guidelines from
the International Workshop on the Safety of Repetitive

3260

Transcranial ~ Magnetic ~ Stimulation, June  5-7,1996.
Electroencephal Clin Neurophysiol. 1998;108(1):1-16.

31- Maeda F, Keenan JP, Tormos JM, Topka H, Pascual-
Leone A. Modulation of corticospinal excitability by repetitive
transcranial magnetic  stimulation. Clin  Neurophysiol.
2000;111(5):800-5.

32- Rossi S, Hallett M, Rossini PM, Pascual-Leone A. Safety,
ethical considerations, and application guidelines for the use
of transcranial magnetic stimulation in clinical practice and
research. Clin Neurophysiol 2009;120(12):2008-39.

33- Hufnagel A, Elger CE, Durwen HF, Boker DK, Entzian
W. Activation of the epileptic focus by transcranial magnetic
stimulation of the human brain. Ann Neurol 1990; 27(1):49-
60.

34- Pereira LS, Miller VT, Gomes MM, Rotenberg A, Fregni
F. Safety of repetitive transcranial magnetic stimulation in
patients with epilepsy: A systematic review. Epilepsy &
Behavior 2016;57:167-6.

35- Rotenberg A, Bae EH, Muller PA, Riviello JJ, Bourgeois
BF, Blum AS, et al. In-session seizures during low-frequency
repetitive transcranial magnetic stimulation in patients with
epilepsy. Epilepsy Behav 2009;16:353-5.

36- Liu B, Zhang Y, Zhang L, Li L. Repetitive transcranial
magnetic stimulation as an augmentative strategy for
treatment-resistant depression, a meta-analysis of randomized,
double-blind and sham-controlled study. BMC Psychiatry
2014;14:342.

37- Vitikainen A-M, Maékeld E, Lioumis P, Jousméki V,
Makeld JP. Accelerometer-based automatic voice onset
detection in speech mapping with navigated repetitive trans-
cranial  magnetic  stimulation. J Neurosci  Methods
2015;253:70-7.

38- Martin JL, Barbanoj MJ, Perez V, Sacristan M.
Transcranial magnetic stimulation for the treatment of
obsessive-compulsive disorder. Cochrane Database Sys Rev.
2003;(3):€d003387.

39- Post RM, Kimbrell T, Frye M, George M, McCann U,
Little J, et al. Implications of Kindling and Quenching For the
Possible Frequency Dependence Of rTMS. CNS Spectrums.
1997;2(1):54-60.

International Journal of Medical Science and Clinical Invention, vol. 4, Issue 10, October, 2017



