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RESUMO

Dentre os transtornos psiquiatricos mais comuns, os transtornos de ansiedade sdo 0s mais
prevalentes, em torno de 20% na populagéo geral. Esses transtornos sdo muito incapacitantes
e, embora existam métodos de tratamento seguros e eficazes, como farmacoterapia e terapia
cognitivo-comportamental (TCC), altas taxas de pacientes refratarios ao tratamento sdo
relatadas, aproximadamente 25%. Dessa forma, novos métodos terapéuticos adicionais séo
necessarios. Um possivel método que atua modulando a atividade elétrica cerebral e é
potencialmente viavel para o uso na pratica clinica € a estimulacdo magnética transcraniana
repetitiva (EMTr). A EMTr é um procedimento ndo-invasivo baseado na lei de Faraday de
inducdo eletromagnética, onde um campo magnético ao atingir o tecido cerebral induz uma
corrente elétrica, excitando ou inibindo os circuitos neurais, que acredita-se estar
desorganizado nos transtornos psiquiatricos. O tratamento com EMTr pode ser considerado
um tratamento de neuromodulacdo cerebral devido ao seu foco ser direcionado aos circuitos
neurais de cada transtorno. Embora os resultados positivos tenham sido frequentemente
relatados nos estudos ndo-controlados e nos estudos randomizados, ndo ha nenhuma evidéncia
conclusiva da eficacia da EMTr para o tratamento de transtornos de ansiedade. Até o presente
momento, do grupo de transtornos de ansiedade mais investigados, somente o transtorno de
ansiedade social (TAS) ainda ndo foi investigado. Tal fato é de grande relevancia ja que o
TAS tem taxas de prevaléncia em torno de 12.1% na populagdo geral, ao longo da vida.
Portanto, a presente tese teve como objetivo, investigar os efeitos do uso da EMTr de baixa
frequéncia (1 Hz) aplicada no cortex pré-frontal ventromedial direito (CPFVM), em pacientes
com TAS refratarios a medicacdo e a TCC. Nesta tese, sdo apresentados 4 estudos. Os estudos
1 e 2 exploram os conceitos bésicos da EMTr, os mecanismos moleculares e celular em
modelos animais de transtornos de ansiedade, fatores individuais que interferem na resposta a
esta técnica e discutem-se os efeitos da EMTr nos transtornos de ansiedade. O estudo 3 foi o
primeiro caso de EMTr em TAS realizado no mundo, onde um paciente com TAS
circunscrito, refratario a medicacéo e a terapia cognitivo comportamental (TCC) recebeu uma
Unica sessdao de EMTr de 1Hz a 120% do limiar motor sobre o CPFVM. O paciente
apresentou boa redugdo dos sintomas de depressdo, ansiedade e um bom aumento das
habilidades sociais. O estudo 4 foi conduzido com outros 2 pacientes com TAS generalizado e
depressdo comorbida e também refratarios a medicacdo e a TCC, onde 0s pacientes receberam
12 sessdes de EMTr de 1Hz a 120% do limiar motor sobre 0 CPFVM. No que diz respeito aos
dois casos tratados com EMTr, encontramos uma diminui¢do nos sintomas de depresséo,
ansiedade e ansiedade social da linha de base ao acompanhamento.

Palavras-chave: Cortex Pré Frontal Ventro Medial, Estimulacdo Magnética Transcraniana
(EMT), Transtorno de Ansiedade Social (TAS), Terapia Cognitivo-Comportamental (TCC).



ABSTRACT

Within the most common psychiatric disorders, anxiety disorders have prevalence around
20%. These disorders can be very disabling and, although there are safe effective methods of
treatment, such as pharmacotherapy, and cognitive behavioral therapy (CBT), high rates of
refractory patients are reported, approximately 25%. Thus, new additional therapeutic
methods are needed. One such method that works by modulating the brain electrical activity
and is potentially viable for use in clinical practice is repetitive transcranial magnetic
stimulation (rTMS). rTMS is a noninvasive procedure based on Faraday's law of
electromagnetic induction, where a magnetic field to reach the brain tissue turns into an
electric current, exciting or inhibiting neural circuits, which believed to be disorganized in
psychiatric disorders. rTMS can be considered a treatment of brain neuromodulation due to its
directed focus on neural circuits of each disorder. Although positive results have been
frequently reported in uncontrolled studies and randomized trials, there are no conclusive
evidence of the efficacy of rTMS for the treatment of anxiety disorders. To date, from the
group most commonly investigated in anxiety disorders, only the social anxiety disorder
(SAD) has not been investigated. This fact is very relevant since SAD has prevalence rates
around 12,1%, lifelong. Thus, this thesis aimed to investigate the effects of the use of low-
frequency rTMS (1 Hz) applied to the right ventromedial prefrontal cortex (VMPFC), in
patients with SAD refractory to medication and CBT. In this thesis, we present four studies.
The first and second studies explore the basic concepts of rTMS, the molecular mechanisms
and the cellular potential in animal models of anxiety disorders, individual factors that
interfere with the response to this technique and the effects of rTMS in anxiety disorders. The
third study was the first case report of rTMS and SAD carried out in the world where a patient
diagnosed with SAD circumscribed, refractory to medication and cognitive behavioral
therapy (CBT) received a single session of 1 Hz- rTMS at 120% of motor threshold on the
right ventromedial prefrontal cortex VMPFC. The patient presented reduction of depression
and anxiety symptoms, and increase in social skills. The forth study was conducted with other
2 patients diagnosed with generalized SAD and comorbid depression and also refractory to
medication and CBT, where they received 12 sessions of 1Hz-rTMS at 120% of motor
threshold on the right VMPFC. With regard to the two cases treated with rTMS, we found a
decrease in BDI, BAI and LSAS scores from baseline to follow-up.

Key-words: Cognitive Behavior Therapy (CBT), ventromedial prefrontal cortex (vmCPF),
Social Anxiety Disorder (SAD), Transcranial Magnetic Stimulation (TMS).
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INTRODUCAO

O transtorno de ansiedade social (TAS) é caracterizado pelo medo, evitacdo e/ou fuga
de situacBGes sociais. Segundo estudos epidemioldgicos, o TAS é um dos transtornos
psiquiatricos mais comuns, com taxa de prevaléncia em torno de 12,1% na populacéo geral,
ao longo da vida (Kessler et al., 2005a,b). De acordo com a quarta edicdo do Manual
Diagnostico e Estatistico de Transtornos Mentais (DSM - 1V), ele é dividido em 2 subtipos,
especifico e generalizado. O subtipo especifico refere-se ao medo, evitacdo e/ou fuga de uma
situacdo social especifica de desempenho como, por exemplo, falar em puablico (Freitas-
Ferrari et al., 2010). Ja o subtipo generalizado envolve o medo, evitacdo e/ou fuga de
situacbes sociais de forma geral, e por isso 0s pacientes sdo, consequentemente, mais
comprometidos que os do primeiro subtipo (Kessler et al., 1998).

Em maio de 2013 foi lancada a quinta edicdo do DSM (DSM-5), trazendo algumas
alteracdes nos critérios diagnosticos dos transtornos mentais. Em relacdo ao TAS, a mudanca
mais expressiva foi a substituicdo dos especificadores generalizado e circunscrito para apenas
o especificador “desempenho”. Vale lembrar que a presente tese foi realizada com os critérios
diagnosticos do DSM 1V-TR, lancado em 2000. Portanto, como os dados foram coletados
antes do lancamento do DSM-5, os resultados ndo foram comprometidos com conflitos nas
interpretacdes.

Apesar da alta prevaléncia do TAS na populacdo geral e do significativo
comprometimento social e ocupacional relacionados a ele (Schneier, 2003; Stein, 2006),
pouca atencdo foi dedicada ao estudo de seus mecanismos neurobioldgicos nos Gltimos anos
(Bell et al., 1999), quando um aumento consideravel no nimero de estudos com intuito de
elucidar os aspectos fisiopatoldgicos da doenca foi observado (Crippa, 2009, Stein e Stein,

2008).



Com relagdo aos circuitos neurais envolvidos no TAS, ainda ndo ha um consenso
sobre quais areas realmente os compdem. Nesse sentido, estudos clinicos e pesquisas
envolvendo modelos animais (Gelernter et al., 2004), além de estudos utilizando técnicas de
neuroimagem, como por exemplo, ressonancia magnética funcional (RMf) e tomografia por
emissdo de pdsitrons (TEP), tém procurado ajudar a encontrar a melhor maneira de
compreender esses circuitos neurais (Ferrari et al., 2008). Sendo assim, Freitas-Ferrari et al.
(2010), verificaram em uma recente revisao de estudos de neuroimagem, que as regides pré-
frontais, mais especificamente o cortex pré-frontal ventromedial direito (CPFVM), estdo
hiperativadas e os cortices parietal e estriado estdo hipoativados mediante de exposicdo a
expressOes faciais de emocdo, paradigmas de provocacdo de sintomas, e anormalidades
relacionadas com a neurotransmissao de dopamina ou serotonina.

Muito embora existam tratamentos eficazes e seguros, como medicamentos e
psicoterapia, muitos pacientes com TAS ndo respondem a este modelo tradicional de
tratamento (Ganasen e Stein, 2010). No entanto, com 0s avang¢os nos Ultimos anos em relagédo
aos mecanismos neurobioldgicos envolvidos no TAS, novos tratamentos tém sido propostos,
tal como a estimulacdo magnética transcraniana (EMT). A EMT é um método nao-invasivo,
seguro e indolor (Barker, 1985; Hallett, 2007; Rossi et al., 2009; Paes et al., 2011), baseada na
lei de Faraday de inducéo eletromagnética, segundo a qual uma corrente elétrica é induzida no
tecido cortical por um campo magnético gerado por uma bobina elétrica colocada sobre o
escalpo, com o objetivo de despolarizar ou hiperpolarizar os neurénios. No seu formato
repetitivo, a EMTr pode modular a excitabilidade cortical, no entanto, isso dependera da
localizagdo (area alvo), intensidade (limiar motor) e frequéncia (lenta e rapida) dos pulsos
magnéticos utilizados (Hallett, 2007; Paes et al., 2011).

A intensidade é determinada pelo limiar motor (LM) (Hallett, 2007). O LM é uma

medida da excitabilidade de membrana neuronal do trato cortico-espinal (Paes et al., 2011;
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Machado et al., 2012). O LM em repouso corresponde a menor intensidade de estimulo capaz
de evocar potenciais motores evocados (PEMs) de no minimo 50 mV de amplitude, em pelo
menos 5 de 10 pulsos magnéticos administrados, sobre o muasculo-alvo em repouso (Paes et
al., 2011). Portanto, 0 LM é utilizado como referéncia para definir a intensidade e as outras
varidveis para uso terapéutico da EMT (Machado et al., 2012). Ja as frequéncias podem ser
baixa e alta. A baixa frequéncia se da quando os pulsos ocorrem numa frequéncia até 1Hz, e
alta frequéncia se da quando os pulsos ocorrem numa frequéncia superior a 1Hz (Hallett,
2007). Esta classificacdo baseia-se nas diferencas fisioldgicas encontradas entre os dois tipos
de estimulacdo, onde altas frequéncias promovem um efeito, em geral, excitatorio, e a de
baixa frequéncia gera um efeito inibitdrio (Paes et al., 2013).

Desde sua introdugdo, EMTr apresentou um potencial terapéutico em algumas doencas
neuropsiquiatricas, como depressao e esquizofrenia contudo, em transtornos de ansiedade,
mais especificamente no TAS, somente nosso estudo foi realizado com o intuito de investiga-
lo. A EMTr pode ser considerada um tratamento de neuromodulacdo porque tem o objetivo de
ajustar os circuitos neurais que acredita-se estarem desorganizados nos transtornos
psiquiatricos (Paes et al., 2011).

Nesta tese de doutorado, sdo abordados pacientes com diagnostico de Transtorno de
Ansiedade Social (TAS). Esta psicopatologia possui caracteristicas bem particulares com
relagdo ao funcionamento cerebral e comportamental. Dessa forma, como todo trabalho
inédito, foi necessario supor certas hipdteses. Portanto, baseando-se na hipétese de valéncia
(Heller, 1997; Prete et al., 2015), que propde que o padrdo de dominancia hemisférica
depende da valéncia emocional do estimulo, ou seja, o hemisfério esquerdo é dominante para
processamento de emocdes positivas, enquanto que o hemisfério direito € dominante para o
processamento de emocdes negativas. Conforme a hipotese de valéncia, medo, raiva, desgosto

e tristeza, por exemplo, sdo emocdes negativas consideradas, e felicidade e surpresa séo
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classificados como emocdes positivas. E em achados de neuroimagem (Freitas-Ferrari, 2010)
citados anteriormente, que também deram suporte para a constru¢cdo de um racional
fisiopatoldgico. Levando tudo isso em consideracao, o foco de estimulagdo para o TAS seria a
area pré-frontal ventro-medial direita, correspondente a posicao do eletrodo FP2 do sistema
internacional 10/20 de EEG, ja que estd area mostra-se hiperativada no TAS e é dominante
para 0 processamento de emocdes negativas como ja foi observado em diversos estudos com
provocacdo de estimulos e exposicdo a faces com expressdes emocionais (Freitas-Ferrari et
al., 2010).

O primeiro artigo publicado sobre o tema foi uma revisdo na CNS & Neurological
Disorders em 2011 (Paes et al., 2011). Nesse artigo abordou-se a importancia de estudar a
EMTr aplicada aos diversos transtornos de ansiedade pela alta frequéncia que essa
psicopatologia apresenta na literatura, elencando uma série de estudos que utilizam a EMTr
como ferramenta nos transtornos de ansiedade. Foram explorados os conceitos fisioldgicos e
fisicos da estimulacdo sdo explorados e sdo discutidos os resultados encontrados em modelos
animais.

O segundo artigo (Machado et al., 2012) é iniciado mostrando a importancia de
ferramentas alternativas para tratar pacientes com transtornos de ansiedade refratarios aos
tratamentos tradicionais. Sdo discutidos os fundamentos basicos da estimulacdo magnética
transcraniana e fatores individuais que interferem na resposta a esta técnica, e também os
mecanismos moleculares e o potencial celular em modelos animais de transtornos de
ansiedade, e finalizando com os efeitos da EMTr em paciente com transtornos de ansiedade.

O primeiro artigo no mundo realizado sobre o tratamento com EMTr para TAS foi
escrito pelo nosso grupo de pesquisas do Laboratério de Panico e Respiracdo (LABPR) e
publicado na Revista Brasileira de Psiquiatria em 2013 (Paes et al., 2013a). O estudo de caso

abordou um paciente de 38 anos com TAS circunscrito, refratario a medicagio e a terapia
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cognitivo comportamental (TCC). Neste estudo, como foi um caso inicial, foi realizada uma
Unica sesséo de 1Hz a 120% do LM por 25 minutos (1500 pulsos) sobre o CPFVM direito.

Outros dois casos clinicos foram publicados no mesmo ano que o estudo anterior, na
revista Clinical Pratice & Epidemology in Mental Health (Paes et al., 2013b). Foram dois
pacientes ambos diagnosticados pelos critérios do DSM IV-TR com TAS generalizado e
depressdo comorbidos e também refratarios a medicacao e a TCC. Neste estudo, foi realizado
um protocolo de tratamento de 1Hz a 120% do LM por 25 minutos (1500 pulsos) sobre o
CPFVM direito, de 3 vezes por semana durante 4 semanas.

Portanto, a presente tese teve como objetivos, (1) estudar os conceitos fisicos e
fisiolégicos da EMT, (2) apresentar a importancia dos efeitos de sham-EMTr e parametros de
estimulacdo, (3) revisar os principais achados da EMTr em modelos animais, (4) discutir as
principais informacdes e conclusdes relacionadas com o potencial terapéutico da EMTr nos
transtornos de ansiedade, e (5) verificar os efeitos da EMTr no TAS nos estudos de caso
estudados e discutir possiveis avancos experimentais que podem tornar viavel a EMTr como

aplicacdo clinica nos préximos anos.
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ARTIGO 1

The Value of Repetitive Transcranial Magnetic Stimulation (rTMS) for the Treatment
of Anxiety Disorders: An Integrative Review
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Abstract: Unlike for depression, only few smdies are avaibble today imvestizating e themapeutic sffect of mpetitve Tanscranial
magnatc stimmlation (TTMS) for amdety discrdars. This radew aims to provide nformaton on the carment ressarch approaches and main
findings regarding e therapewtic nse of rTRS in the context of variows anxisry disorders. Although porithre resnlits have freqeenthy bean
repored in both open and mmdomdred controlled studies, owur review of all idemtified studies indicatws that at present no conchusve
wvidence of the efficacy of TTRMS for the teatmsat for anxiety disorders is provided. Seveml treamecnt paramstars bave bosn weed,
making & interprefation of the romls difficult Mersover, sham-controlled ressarch has often besn mmable to distinguich bobwuen
response o ITAS and ham teatment Heowover, them & 2 lmitatien in the rTME methods that Beely mopacts enly the muperficial
cortical layars. It i mot possdble to directdy stomiste more distant cortical areas, and also sebcortical areas, pelevant o the pathopemnesis of
anxiety disorders, dongh wech effects i subcortical arsas ame thought to be indizect, vie tam-iyn2ptic connectons. We thos ecommend
further smdies to clearly determing the role of rTMS in the teatment of amxisty diserders. Fey advances I combining TMS with

peuroieagng technolomy may aid in such fntmre developments.

Keywords: Argery, pensralized anxisty disorder, ebsessive-compulsive disorder, panic disorder, post-aumaric swess diserder, repedtive

rapscranial magnetic stimulation, rTM3, social anxiety disorder.

INTRODUCTION

Cme of the most fequent groups of poychiamic disorders is the

up of anxisty disorders [1], with lifefime prevalence sreater than
20% [2]. Anxiety disorders subsume ebsessive-compulsve disorder
(OCT). pamic disarder (PD). post-ommatic smess disorder (PT5D),

anxiery disordsr (GAD) and social anxiery disorder.

These disorders can be very debilitating and although the available
methods of treatment are safe and affactive {Le., pharmacatherapy,
paychotherapy and cognitvee-behavioral therapy), high rates of non-
remponders o ireatment are reporfed (approximately 25% of
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patents) [3]. With advmces m  the understanding the
naobiological mechanisms involved in anxisty disordsrs, new
trearments hawve been espoused Ome such teamment method is
transcrania] magnefic stmulaten (TM%), onginally introduced in
1883 as a method for non-iovasive focal brain stiomlation [4].
TMS iz based on Faraday's law of elecoomapnetc mduction by
which electrical activity in the hrain fissue can be inflaenced by the
marmetic fisld, thereby induring elecirical cumwent that depolanizes
neurens [3]. Within this context, TMS m its repetifive form., 12
ITM5, can modulate certical excitability beyond the penisd of
stmulation itself, giving nse to its potential ication as a climical
trearment for a vaniefy of neurological and peychiarric disorders, for
instance anxisty disorders [6, 7).

The applicadon of rTM% genemtes clear effects oo a range of
meazures of brain fimction and has become an impartant research
tool W namopsychiary mextment [8-10] With thiz in mind, the
treatment with rTMS can be considered a brin-system-based
neromodulytion treament due o its focns on directly fargedng the

€ 2011 Bentham Science Publizhers
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neural coniry of the disorders. rTMS shifis the perpective of
treatment from changing the neurochemistry within the synapse, to
altering or modulating the fmction of the neurl cirogitry in the
brain that is believed o be dizorganized in cerfain diserders [11,

12] Even thaugh there is now a growing interest in the research of
new treatment for anxisty disorders, the main focus of the poszible
therapetic effects of TMS iz mainly in the domain of depression
[13.14].

Based on the idea of ap inferhemispheric mmbalance andior
deficit in the lmbic-comsco comtrol as a model for homan anxiety
[3] the use of 1Hz-rTMS on the prefronml cortex (PFC) has
demonsirated effects in some studies mvelving bealthy individuals,
patients with PTSD and PD [15]. However, Pallanti and Bermardi
[14] alse arpued that rTMS over the rght dorsolster] prefromtal
portex  (DLPFC), especially above SHzoTMS, reduces the
symptoms of anxiety in PTSD and PD. Thersfore, to further
eharidate the putative anxsalytic action of rTHS in anxisty patismts
fufure studies have to be conducted

Thiz review paper aims fe provide information on the oxment
research and mam findings related to the potential therapeutic
gifects of rITMS in anxiety disorders. We will review the physical
md neuroplysiological -:mln:q:lﬁ of TMS, the main findings of
rTMS from amimal models, the importance of the effects of sham-
ITM5 and stmulation parameters, and the expenmental advances
of rTM5 that can become wiable as clmical applicatoms m the
coming years related to the treatment of anxiety disorders. With this
in mind_ we developed a stratezy for searching smdies in the main
data bases. The computer-supported search used the following
databases: Sciels, Pubmedlfediing, IST Web of Enowledse,
Proyclnfe and Cochrane Library. The search temms Panic disorder,
Obsgssive-Compuisne dborder, Post-frqumatic Stress  disorder,
remeraiized amrely divarder, Sociel ancery disorder were used in
combmation with manscranial magnetc  somulzton, TS
repafiive  franscraninl  magnetic  simuiation, $TMS,  modor
threshold, motor evoked potentigl, MEP, cortical exciabiiy,
newrammagmg. In additon, all reports inchiding reviews, meta-
mnalyses mmd conmolled randomized climical toals and open label
imals, book chapters are alse cifed fo provide readers with more
details and references than can be accommodated within this paper.
Dizcussion has been focused mainly on studies published in Englich
and reported in the past 12 vears but also inchided commonly
referenced stodies relevant to the neurobiclogy of the diseases and
possible moonales for rTMS application.

FHYSICAL AND PHYSIOLOGICAL CONCEFPTS OF TAIS

There are several key copcepts in the fisld of TMS that are
clozely related to its clmical efficacy [17]. TMS was introduced by
Anthony Barker in 1085 as a mon-invasive, safe and paimless
method. in order o activate human motor cortex and to aszess the
homan centmal mator pathways [4]. The main concept of THS raliss
on Faraday's law of elecromaznetic induction, where an electrical
cument is applisd ewver the scalp through a magnetic coll The TMS
pguipment comsists of a stimulator, which penerates brief pulses of
srong electrical cuments whoss ¢ and imbemsify can be
vaniad, and a stinmilation coil conmected fn the stimmulatnr [12]. The
TH% coil is umally round or fgore-eizht (butterdly) in shaps, with
which the latter produces a stronger and more focal field than the
circular codl. Contimuing progress on the technical aspects of TMS
devices soon made it possible to deliver nminpls pulses withm a
short fime period, Le, rTMS. Stmulation is delivered in fraims,
lasing seweral seconds, followed by infer-fraim imtervals. The
magnetic fiedd (1.5-2.5 T) zeneratsd at the coll passes unimpeded
ttronzh the scalp and skall, inducing a rapid change of oument
ttronzh the umderlvimg tissue that depolarizes meurons and,
generates acton pofentals [17, 19-21].

The precise effect of the stimulation en namonal actvity
remains unclear; howsver, it is assumed that the large magnetic
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stimmlos (domton of ~ 100us) synchronously exctes a popolation
of neurons, provoking a rapid chanze n finng of impulses for a few
millizeconds after which the entive activity is suppressed by a long-
lasting period of GABAergic inhibiten [21] Moreover, this
process generally lasts between 20 and 200 mad.q:rmdjﬂgm
stimulns meensify. The area of stmulation s mot ooty on coll
seomatTy bt alse on simulation intensity [13]; however, anerther
pammeter influencing 1TMS effects is probably the stimulytion
frequency.

There are two common fypes of 1TM5 stimobbton: hish
frequency rTM3 (= 3 Hr) and low frequency rTMS (= 1 Hz). Hizh
fequency 1TM5 has been svidenced to wisld facilitating effacts on
naurenal excitabilifty, Unlike high frequency 1THS, llmrfrequm::v
ITMS (< 1 Hz) has inhibitery effects oo neuromal excitability [3
24]. These mhibsory and excitatory effects have been proposed ta
be mlated fo long term pofentiation and long-term depression
(LTD) [19, 23, 26]. Far instance, the study performed by Chen gt
al. [27], showed that 1TMS administered at 0.1 Hz for 1 bour in
healtty bumens did net change cortical excitability. Howewer,
rTMS administered at 0.9 Hz far 15 minates (810 pulses). similar ta
the parameters wsed to mduce LTD in animal studies, led to a
sipmificant decreass in motor eveked pofential (MEP) amplitads of
16.5%, lasting for at least 15 mimmes after the end of the
stimmulation. This finding mav be considered similar i LTD. Even
though the parameters of stimmlation can be consistent across
individnals, for a given mdndual, differences related to stimuolyion
can be observed [24). The most commen way fo venfy the miensity
of the stimulation has usually been to calibrate acress mdividuals
by testing the minimal intemsity of stimuladon applied tw the
primary moior cortex (ie., M1 ar=a) that evokes a motor response
{ie., MEP) [17]. These MEP: can be usad fo define the moter
threshold (MT). defined as the lowest stimulation intensity over the
M1 area needed to indoce an MEP in an extremity muscle io at least
5 out of 1 consaoofive fraals 28]

The MT iz well-documented as an objective and standardized
meazure of human corticospinal excitability that is, widely used to
standardize meensities of stimulation and, commonly defined in
terms of a percentage of the device’s available output or n Tesla
(T} [28]. Most of the stodiss have used a standard procedure of
positioning the coil over the head and identifving the metor cortical
sife (Le., hot spot, defined as the location of the caloulated strongest
electric-field) for optimal stimualation of the abductoer pollicis brevis
muscle by measunne 5 on anterior along the dkull sorface noa
parasagitfal bne (1.e., postenior-anterior direction) [9. 17]. Another
criterion to ientify the hot spet is the imase-goided Sameless
STETROIRNIC neuronavigatdon svstem (SWE). SWS uses the subject’s
individnal MET for navigation vig a subject-image Co-regismation
procedure based on facial'mranial landmarks. Altheugh the system’s
precizion has techmical limiations, the quality of the MEI

o and exact co-Tegistrafion, the spatial dewiations have
been shown to iz within the millimster range [30]. Morsover, thers
are ather ITMS parameters that nmst be o take inte account in any
tvpe of research, such as the pulse width, imter-train inferval (Hme
bemween mains of stimmlation), oumber of mains per session, and
duration of the session [31, 32].

ANXIETY DISOEDERS AND rTAIS: FINDINGS FROM
ANDUIAT MODELS

rTM5 helds the potential fo selectively mwdulate bmin
circuitries mvalved i pathological processes such as post-maumatic
stress disorder. obsessve-compulsive disorder, pamir disorder,
reneralized anxiety disorder and social anxiery diserder [13, 14).
Preliminary sradies using T3 have provided largely inconclsive
evidence of symprom relief i obsessive—compulsive disorder [33,
34] and panic disorder [35]. Moreover, rTMS has great potential as
an additional eption combined with psychotherapy andior drugs to
paychotherapy and dmz freatments, especially since TMS has only
very litle meamment dizcomfort and no lastmz sde effacts,
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comparing & fwomably with many somatic Teatments [135].
However, using TMS5 in chinical pracice is essential m order fo
know how i acis on bmain fissue im ferms of, the pufative
negrobiolepical changes underlymz the observed climical effects
[14, 36, 37]. Within this context, the limitations of haman research
requine appropriate pre-clmical shadiss i amimal medels. In
addifion basic studies ars neaded at the cellular and malecalar lewsl
in order fo better understand the megulation of the mduced
imracerebral cument density, unraveling which elements invebeed
in thiz regulation may serve as potential reatment targets [38].

In amimal smadies rTMS has been reported to provide benefit in
some ariery-relared disorders [39, 40]. An expariment by Karma ef
al. [40] demonstrated that the infensity of stimulation = a citical
factar in the mxiolytic-like effects as assessed by the elevated plus-
maze (EFM) test m mals Wistar rats. Chropic rTMS teatment (3
days) provided better anxioltyic-like effects in the EPM than @ rats
exposed to amae ITMS teamment In addidon, repeatsd rTMS
suppressed the increase in extracellolar serotomin (3-HT) levels
induced by the EPM test, ot did oot influence the elicted
dopaming (DA) levels These data suggest that chronic weamment
with 1TMS over the frontal arsas has anxiolytc-lke effects in mats,
which are related to the serpionsrgic neuronal system. Criber EPM
stadies were less soccessful For exampls, Eeck er all [39, 20]
repored that chronic r'TMS reatment had no efects in male Wistar
rafts and was amdogenic m rat selectively bred for low aosty-
related behaviars, using the EPM test, although the teatent did
appear to have antidepressant-like effects showing an amemuatsd
smess-induced  clevation of plasma cordcomophin  (ACTH)
concenfrations in the forced-swim test. However, Hedges of al. [£2.
43] contradicted the Sndings of Eeck of all [39]. showing no
differences on the performance of the same tazk betwesn animals
weated by TMS and sham-TMS.

In pgeneral mesults from amimal models of apxisfy-related
dizorders have demonstrated an antidepressant effect of rTMS with
some consistency. For mstance, mn smdies using the forced swim
test (the most widely used preclmical amfidepressant test), rTMS
demwonstated a robust treatment-mduced antidepressant effect in
anxigus rodsnts [38, 42, 24, 45). For this reasom. it has besn
muggested that the observed benefit of TMS in some sadies may be
doe o relief of depressive symploms rather than being specific to
the amdsty iself [43]

Mozt of the rodent studies perfommead have been limited in their
applicability to the physical rTMS specifications nsed for bumans.
That is. due to cemain fackors, such as the coil size, 'TMS conpot be
focally delivered in rodents, and in that case the entire brain
receives the stimulation. Becauss of this and other limitations, e g,
handlmz procedure, sound of mapmefic sbmualaior, and direct
effects of 'TMS on the muscles, rTMS application is considersd to
e maore focal io homans than in rodents [25]. Moreover, sham-
confrolled conditions are required m the sdies m order to provide
a safs ioferpretation regarding effects of rTMS on amety
syuptoms. Thus, it has been suggested that the efficacy, validity
mnd usefilmess of rTMS in smodies with rodents so far is
guestiomable because few stadies used sham-controll=d conditions
and because of other limitations already cited abowe [47].

EFFECTS OF
PARAMETEERS

An imporiant Bsue in the TMS ressanch reparding the desizn of
randomxized, sham-controlled clinical wials is the use of appropriate
coofrol conditons that prowide a reliable blindimz of patients and
imvestzators [48). Within this comtext, different control condifions
cam be used to fry and enmue that changes mn performance be
asribed to ITMS affects upon a specific brain area Cmoe of the
most common strategies is the use of sham stimulation (sham-
1TM5E) [49] rTMS is indesd associated with a mumber of s=nsory

perceptions that can  ponspecifically  inferfare  with task

SHAM<TMS  AND  STIMULATION
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performance. For instance, the discharging coil produces a clhick
sound that may induce arousal thersby mwdulafing taszk
performance, imespectve of the i demands (ie, via
infersensory facilifation) [50]. An alternative way that is routinely
nsad in the cognitive TMS literarore is vertex stinmlation becanse
the auditory and somatosenszory actvateons cansed by vertex TMS
can be equivalent to these of real TMS. Of course, the underlying
assumpton i that verfex TMS does not affect the cognitve
nefwork active during tazk executon [31, 32]

In general sham-tTMS has been applisd by filting the ceil
away from the scalp [53], so that both sound and scalp confact are
roughly similar to those experienced during active stmmlation,
whereas the mapnstic fisld does mot reach corical peurons ar
cufansous receptors or superficial mmscles. Altheosh sham cods
produce an apalogous sound amifact. they do not induce the same
scalp sensations or mmscle twitches, so that they can rest fangential
to the scalp surface, exactly as they are during active stimulaton
[54. 53], Another important consideraton that most be faking into
aocount in order fo determine the specific efficacy of rTMS in
clinical trials and to ceate a oedible placebo (Le., sham-rTHYS)
condition, iz that patients in @Andomized tmals shoold be naive to
ITM5, in other words, r'TMS sudies should not have a crossover
desizn. With respect to this issue the ideal sham condition should
not have a real stimulaton effect, and it should not be recognized as
sham by patients, particulady when comsidering that real
stimmlation conditions come nlung with r'TMS specific side effects.
In line with that, Herwig e @l. [56] investigating the antidepressant
effects of 'TMS, asked for patients fo give their impression whether
they recsived the sham aor the real weament and if they would
recommend the treatment to others. From 15 patients with real
stimulation, 11 suggested that they obtained moe stimulation, and 2
to have cbimined sham From 14 sham stiomlated subjects, 9
suggesied that they obmmed the r=al condifion and 5 #o have been
shamy stimmlated. There was oo significant difference between these
and in addifon. the mwajorty of patients m beth stimulaton
conditions would recommend rTMS to others. In both conditans,
the majorty of subjecis believed they bad recefved the real
condition This implies suftability of the sham condition used since
subjects appearsd Dot to be able to acomately identfy or
differentiate this condition from sham The results imply the
feasibility of a valid sham condition with a "real” cod.

However, there i3 evidence that some tpes of sham
mamipalations used o chnical mals actually do exent some effects
an the brain [57. 58]. The tlting does reduce any discomfort from
scalp stmmalation associated with active rTMS and. thas, may have
the pofential to inferfere to some degres with the adequacy of smdy
blinding. Stadies guard agamst this by recniting only rTMS-naive
pafients, so that subjects are not coed to disaiminate between active
and sham conditions based on scalp sensaton Ewven if a form of
coll-filt sham that does not exert measurable bram efects is used,
studies rarely report data on the integrity of the blind on the part of
the patienis and raters. It i3 reasomabls to assume that crossover
trials with cod-tilt sham conditions are Hkely to be unblinded
becanss actve and sham rTMS do pot feel the same [39, 60]. Other
option mchude the one used m a recent experiment consisting of a
sensor strp between the electomaznet and the scalp, which can
oounter-stinmlate during pulse delivery so as m reduce the scalp
sensation perceived fom active rTMS [61].

The matter of placebo effects is espedially imporiant in some
conditions, such as snadies imvestizadng the efficacy of treatments
[29]. For such purposss altemative methods of brain stimulation to
provide suiable control comdifions have been proposed. Far
instamce, Foossi @ @ [62] developed a mew method of sham
stimulation, known as real elecromaznetic placebo, in which a fake
coll (mads of wood) with the same shape as a real coil is aftached to
the real coil This fake coil has two fonoiions: fo block the magnefic
field from the real codl, and to houss a bipelar elecmical stimuolator
io contact with the scalp. This device is more likely to be judzed as
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real stimmlation by naive TMS mbjeas. The diffimlty m blinding
TH5 makes the companzon of TMS with a gold standard freamment
(e.g., psvchopharmacolozy) complex. In the cass of pharmacelogmc
agents, it would be possible to use a “double-dummy” desizn in
which soms pademts would receive sham rTMS plos acive
madicadon, whereas other padents would receive active rTMS and
a placebe pill An additional challenge in the desien of chmical
trials with rTMS pertains o the standardization of the desage. Fast
as it is critical o control the dosaee of medication administered
during drog mals, it is likewise esmsential to conmol the amount of
ITM5 administersd and the locadon of the bram region stimulated
[63]

Criher important considerations to be taken into account are the
parameters of stimulation, e g pulse width, rumber of stimuolation
segzipns, frequency, imtensity and site of stmulation [31] A
protocol compased of repeated sessions may be superior fo a single
segzion., due fo s cumolatve affect mbited o mmount of
stmulaton required o indoce a sustained effec. Indeed, although
some stidies have shown a relatvely long-lasting effect (Le. of 2
weeks), this peried is short if the goal is o induce a climically
meaningfial result Mainienance weamments or other paitems of
simulaton that mizhi induce longer-lastimz medultion of cormical
excitability should he explored. Ome poszibility i to Maease the
tom] mmsher of sessions, as in a recent smdy of major depression,
in which up o 30 sessions of rTMS wers administerad [54]. Haneel
paiterns of stimnlaton, for example primed | Hz stionilarion [65] ar
theta burst stimulation [§6], might offer advantages, as they seem to
induce  longer-lasting  lomg-term-depression-like  phenomena.
Careful consideration of coriical targets seems to be cofical, and
this might peed to be individualized for each patient and undachying
pathalogy.

In sommary, a mumber of parameters peed to be taken into
account | order o imize the clinical effects of rTMS.
Predictions with regard to the efficacy of climical effects of rTMS
are hampersd doe to the relafive paucity of paramstrc studiss per-
formed oo thess vanables. Moreover, individualizing stimulation
parameters, faking int account the undedying pathophysiolesy and
the stimmlation seftings by coline physiological and newroimaging
Imeasures, seems to be a crucial procedure to adopt [48, 49].

EFFECTS OF rTALS ON ANXIETY DISORDEERS

Anuisty = a normal adaptve response fo stress that allows
coping with adwerse situafions. However, when anxisfy becoms:
emcessive or dispropartional in relation to the situation that evelkes
it ar when there is not any special objects directed at it, such as an
irrational dread of routine sommb, it becomes a disablins dismﬂar
and is considered o be pathological [67. 68]. The termm “anxiety
disorders” iubwmﬁnmdemmnfmndmms of abmormal and
pathological fear and anxisty, inchiding OCT), PTSD, PD and GAD
[15. 1§] The anmisty disorders comprise the most frequent
paychiaimic diserders and cap range from relatively bepnien feclings
of nervousnes: 1o exreme expressions of terrer and fear.

The first evidence of a putatwe anxiolytic acton of rTMS in
homanz came from im:h&i with health :utgacrs [63, T0] based on
the theery so called “‘valence-hypothesis™, which has been
formerly propessd for buman anxisfy [71). Acoording o his
model, withdrawal-related emotions such as anxiety are located in
the fght hemdisphere. whersas approach related emotions such as
joy ar happiness are biased to the left hemisphere Along with this

hypothesis, there is some svidence that anuiety disorders might be
associated with increased right-hemispheric activiy [71]. With this
in mind Schutter & ai [ﬁ?]mdraann.ker.::r' [70] then
conduceed placebo-controllad expeniments in subjects using
TTMS. Schutter of al. [§9]. showed that 1Hz-rTMS at 130'@ MIm
the mght DLPFC, comparsd o sham-rTMS, r=multed in a decrease
in self-rated anxisfy along with a conmalateral incease in theta-
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EEG activity. Similarly, van Heonk er ai [70] demensmated that
1Hz1TMS & 130% MT in the mght DLPFC reduced the vizilant
emotional response fo fearful faces, but only in the unmasked
fearful faces. Taken together, thess findmzs suzgest that a decrease
in rizht fromtal activiy might pommalize the interhemispheric
imbalance present in anxisty disarders.

Crther shadies sstout to investizate the hypothesis of hish-rTH%
efficacy i anxiety disorders rearment Specifically, the cershml
hyperexcitability and behavioral ar :ngml:tl:e activation observed in
neurgpsychiatric disorders support this bypethesiz [72]. The
ratonals for using hizh-TMS is based oo the stady of George ef al.
[73]. The amthors demonsmated that the acfivity of fombo-
subcortical cirouits can arguably be diminished by inomeasmz the
activity in the indirect pathway by stimolating the left DLPFC by
high-rTH5. In this section, we will discuss the anxiety disorders,
inchading PO, GAD, OCD, PTSD. We will give a brief description
and present the main fndings of rTMS treatment for each disorder
(ze2 Tabla 1).

oCD

The main sympioms of OCD are obssssions (eg. ideas,
thoughts, impulses or persistent images) that are experienced by the
patents a5 infmsive are asseciated with compulsions (eg.
repatifive behaviors, liks washing the hands; or mental acis, Like
praver). On the whole, individuals with obsessions, aftempt to
suppres:s of neutralize them with other behavior, sach as thoughts or
aotsons [§E).

With regard fo the brain ciroois iovalved in OCD, seveml
smodies bad deterted aboompalifies imeolving mamly corical and
subcortical stmacrares, such as the basal zanglia, orbitofrontal cortex
(OFC), supplementary metor area (SMA) DLPFC, and in
particular, the caudate maclens [74, 73], Moreower, functonal
magnetic ressonane imasing (BT sdiss suggested that OCD-
relared repetitive behaviors are caused by a reduction in corical-
subcortical inhibition and corcal hyperexdtability observed in
regons of the prefontal cones [74].

Within this comtext, a fow reliable stodies related to teatment
of OCD sympioms were performed Seven randemized commalled
studies (Le., using sham-coil) iovestizared the efficacy of rTMS oo
the reduction of OCD sympioms [77-83). However, only 5 stodies
reported beneficial effects for OCD sympioms [B2. §3] In addifion
to these stadies, amother 3 non-controlled stodiss ivestigating
effects of 1TMS an OCD symptoms, reported siemificant findings
[33, 84, B3],

With respect to pon-conmollsd stodies, b an intra-ndividaal
crossower study, Gresnberg o al. [84] admmistered | sesson of
IS e 12 OCD patients, with 20 Hz+TMS administered at 80°%
MT for 20 min (B0 pulses) over the left and rght PFC and the
occipital corex on ssparate days. Both obsession and compulsion
were assessed befors, durmgz, 30 minute: after and £ hours affer
each application using the YVale Hrown Obssssive Compulsive
Sale (Y-BOCS), Hamilton Fatng Scale for Depression (HAM-TV),
and Hamilion Rating Scale for Anxiety (HAM-A). Compulsive

improved until § hours after rTMS application over the
ngh:Pl-'C Howewer, application of rTMS o the lef PFC resulted in
a shorter-lasting (Le., 30 mimies) and non-significant reducdion in
compulsive sympioms. Momover, mood improved durmgz and 30
minutes after 1TM% application over the nght PFC. Compulsive
sympiems alse improved after rTMS applied to the 0T, although
not sigmificantly.

In open sudy, Sachdev o ai. [33] administered 10 sessions (5
days per wesk I weeks) of rTMS to 12 drag-resistant OCD patisnts,
wiih 10 HzoTMS admimistered at 110% MT for 15 min {1300
pulses/day) over the l=ft (n = &) or mght PFC (o = ). Patients were
assessed at baseline and after | and 2 weeks of stmuladon, and 1
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Tablel. Summary of Open and Controlled Stodies of rTMS as a Treatment of Anviety Disorders, Inchding OCD, PTSD, FD and
Study Deesign N rTAIS Protocal Efficacy
och
- en study b | e Reduction in OCD symptouss oaly with right-sided
ssston Occipital 20Hz 80% MT rEatmant.
[-\.:] I G]:E_l_il.fl‘.l.d_'r 1 PFC—R 10Hz of 110%:T Bath EIOILDS showed a :LEI:I.lf ant reducton in OLCD
o sessions (5 oays per week = PFC-L 10Hz of 110°% MT EyIpioms.”
for 2 However, o significant diFerence was noted berwesn groups
BCT 10 F P - i .
- o ol DLPFC-E 1Hz of 1108: MT Slieht reduction in OCT symptoms in rTMS group
7 18 sessions (3 “‘Ih_]fam 15 Sham-rTMS However, o significant diference was noted berwesn groups
for & weaks)
Crpen stady i )
B3 10 sessions [ days per week 10 SMA :!JME“H" IHzof Sigpificant reducdon in OCD sympioms.*
o P 100% MT
RCT 110 - g ;3 e ; e
- o e . DLPFC-L 1Hz of 110% MT Both groups showed a siznificant reduction in anxiety . *
[7] 10 ’es“?;ﬂ*wﬁ’fam 30 Sham-rTMS However, no significant difference was fomd hetween groups.
ECT DLFFC-L1 I}H.zuf] 0 Mo significant difference was found between groups
[ 10 seszions [ days per week 1% 51 IT"-IS However, after comparizon, all subjects having received 1TMS
for 2 weeks) showed a significant reduction in OCT) sympinms.
RCT DLPFC-F 1 Hz of 110°% MT — o on bath
L el SMA-bilaterally 1Hz of 0 significant difference was on ET0UpS 07
s 4 2 : -
[B0] 14 :EE:«.EIS gfwﬁfaweak 20 100% MT hetwesn Froups.
= Sham-1THS
BCT Sigmificant reducton in OCD symptoms in favoer of rTMS
' PR i QOFC-L 1Hz of 80% MT compared to sham-rTH5 *
[81] 15 ’E:’“%f 5’.“.'{:‘ ’.Eﬂm 1z Sham-rTMS However, no significant reduction in anxiety and depression
- symptoms was found berwsen sToups.
[82] 20 sessi F_':ET ~ 1% T"'ﬂ_.:!jﬂf':fs—“f'&lmnf Sigmificant reduction in OCD sympdoms in favor of rTMS
= - "Es’“gf_'ifw‘ﬁk’fa waek Chap THE compared to sham-1THS *
RCT Significant reducton in OCD symptoms and a significant
o = e 2 PFC-F 10Hz of 110%: MT improvemsnt in maod in both groups. *
(&3] 19 ’ESE'EIS ':’w“:;kfam = Sham-rTMS Hewever, no sizrificant difference was abserved berwesn
s Eraups
PFISD
Motor cortex-F. of 0.3 Hz of
[100] Cpen sy 10 | ypotor comn s a 03 Haof |  SiEmificantreduction in amsiety, and PTSD symptoms.*
100% MT
Crpen study DI PFC-L, 1Hz of 90% MT Sipmificant improvement of insomeia hostility and anxisty,
[101] 10 zessions (3 days per week 1z st aLEL e e ‘but minimal improvemenss in FTSD symptoms. *
for E A DLFFC-L 5 Hzof80% MT Howevar, oo significant diferant was notad betwssn proups.
RCT DLPFC-R 1Hz of B0%MT Sigmificant improvement of PTSD sympioms and a sienificant
[84] 10 sessions (3 days per week 24 | DLPFC-R 10Hz of 80%MT reduction in peneml amdery levels in favor of 10HzrTMS
for 2 weaks Sham-rTHS sroap when compared to ather sToups. *
ELT DLPFC-L 20Hz of 20%MT Significant reduction in PTSD symptoms, anxiety and
[BE] 10 sessions (5 days per weak E] DLPFC-F 20Hz of 20%:MT improvemsnt of meod m faver of rTMS comparsd to sham-
for 2 weeks) Sham-rTHS TS *
FD
BCT o Both groups showed a sipnificant reduction in ansisty
[87] 10 :EE:«.WS! daysparweek | 15 | DLFFCRIHzof 110% MT __ symptoms *
weik E'ET Sham-rTMS However, no significant diffetence was foumd betwesn groups
for 2 for PD) symprtoms.
CAD
Crpen study
[109] § sessions |:] dn\spetwa&k 10 DLPFC-F 1Hz of 20%: MT Significant reducton in anxiety sympioms. *

*Significamt leval at= 003

DLFFC: dorso lawral prefronfal cortex; L: kedf, GAD

mnxisty disorder; MT: motor threshold; OCD: chsessive comgraliive divorder; FIV: pamic disorder; FTSD:
posttrmmasic sowss disordar; B righe; ROT: randomized clinical trial; rTMS: repssittrs ranscranil pagnatic sineladon; SMA: sepplamastary motor arsa
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month after the complstion of the tregment by Y-BOCS,
Montgomery-Asberg Depression Fating Scale, Beck Depression
Inventory and the Spielberger State Anxiety Fating. Both groups
thowed significant reductions in obsessions and compulsions as
rated on the Y-BOCS scale after 2 wesks of rTMS application,
however, no significant differences were found between the groups.
The improvement in the obsessions persisted untl one month after
TTMS treatment according to the results of Y-BOCS subscales.

More recently, Mantovani and collezgues [B5] administered 10
sessions (5 days per wesk for 2 wesks) of 1TMS to 10 patients (5
with OCD and 5 with Touretie’s syndrome), with 1 HzrTMS
administered at 100%: BT for 26 min (1200 pulses/dsy) bilaterally
over the supplementary mofor area. Smzgestions of climical
mnprovement were apparent as early as after the first week of
TTBS. After the second week of meament, stadstcally significant
reductons were still detected with the Y-BOWCS, Yale Global Tic
Seventy Scale, Clinical Global Impression-Seventy of Illness
(CGI-5), HAM-D, HAM-A, Beck Depression Inventory, Scale for
Autoeyvzluation of Depression, Impact of Events Scale and
Symptoms Checklist and Social-Adsptation Self-evaluation Scale.
Symptom improvement was correlated with a significant increase
of the nght restine motor threshold and was stable at 3 months
follow-up. 1Hz-rTMS applied to the SMMA remlted in significant
clinical improvement and nomalizatdon of the right hemisphere
byperexcitability, thos, re-establishing hemizpheric symmetry in
MT.

With regard to the randomized controlled smdies, Alonso af al.
[77] administered 18 secsioms (3 days per week for & wesks) of
rTMS to 18 OCD patients (10 for rTMS and & for sham-rTMS),
with 1 HzrTMS admimistered at 110% MT for 20 min (1200
pulses’day) over the rizht DLPFC. Assessments were performed at
bazeline snd weekly undl 10 weeks afer rTRS. A slightly greater
reduction in obsessions was found in the rTMS group; however
there was no significant difference between groups according to
obsession or compulsion scales and total scores of Y-BOCS and
HAM-D.

Similarly, Prasko er ql. [78] administered 10 sessions (5 days
per wesk for 2 weeks) of rTAMYS to 30 dmug-resistant OCD patients
(18 for rTMS5 and 12 for sham-rTMS5), with 1 HzrTMS
administerad at 110% MT for 30 min (1800 pulses/day) over the
left DLEPFC. Patients were rated before the treatment (week ), after
10 days of simmladon (wesk 2) and 2 weeks after stimulaton
{week 4) on CGL HAM-A BAI Y-BOCS Batng scales were
gdministerad the day before the first rTMS adminmisiration, then
after 2 weeks (after 10 sommlation) and again after 4 weeks (2
wesks after last stimulation). The result was 2 significant reduction
in anxiety measures. Both rTMS- and sham-TMS groups displayed
3 sigmificant reductoen in measurss on the HAM-4 mnd Y-BOCS
geales, however, no significant differsnce was found beraeen the
Eroups.

Sachdev ¢f al. [79] administered 10 sessions (5 days per week
for 2 wesks) of rTMS to 18 dmz-resistant QOCD patents {10 for
rTMS and 8 for sham-rTME), with 10 Hz+TMS adoumistered at
110% MT for 15 min (1500 pulses’day) over the lefi DLPFC. Afier
the 2 week:s no significant reduction in amdefy symptoms was
obrserved between groups. Then, at the end of the freafment. patients
were unblinded and given the option of a further 2 weeks (10
sessions) of rTALS if they had recasived real-rTMS, or 4 weaks (20
sessions) of rTMS if they had received sham-rTMS. After such
further treatment & siznificant reduction in obsessive symptoms was
venfied throngh the Y-BOCS scale

Eang o ai. [B0] administerad 10 sessions (5 days per week for
2 waeks) of rTMS to 20 dmgz-resistant OCD patients (10 for rTBS
and 10 for sham-rTMS), with 1 HzrTMS administered at 110%
MT for 20 min (1200 pulses/day) over the right DLPFC and
sequentially ar 100% MT for 20 min (1200 pulses/'day) bilaterally
over the supplementary motor area There ware no siznificant
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differences over 4 weeks between the rTM5 and sham-1TMS
groups oo the YBOCS and the Montzomery- Ashzlg Diepression
Rating Scale. These findings suzgest that 10 sessions of sequential
rTMS of the might DLPFC and the SMA at 1Hz-rTMS had no
therapeutic effect on OCD.

Buffini of al. [81] administered 15 sessions (5 days per week for
3 weeks) of ’TMS o 23 dmg-resistant OCD patients, with 1 Hz-
TTMS (16 for 1TAMS and 7 for sham-rTMS) administered at 0%
MT for 10 min (500 pulsesday) over the left OFC. The OCD
symptoms, mood, and anwiety were rated at baseline at the end of
Teamment, and once every 2 weeks af the 3-month follow-up. There
was A significant redocdon in Y-BOCS scores when comparing
rTMS to sham-rTMS for 10 weeks after the end of meament: this
effect was no longer apparent after 12 weeks. Thers was also a
reduction in anxiety and depression symptoms, but not 3 signifcant
differsnce between the 2 gzroups. The suthors suggested that 1Hz-
ITMS applied to the left OFC produced 2 sizmificant but time-
limited improvement in the OCD patients.

Mantovani & ai. [B2] administerad 20 sessions (5 days per
week for 4 weeks) of rTMS to 18 dmg-resistant OCTD patient: (9
for rTMS and 9 for sham-rTHS), with 1 Hz-rTMS administered at
100% MT for 20 min (1200 pulses’day) bilaterally over the ShiA.
At the end of the treatment, both, non-responders fo sham-TTAS
and responders to active- or sham-rTMS received the option of a
further four weeks of open active-rTMS. After the additional 4
weeks, the response rate was 67% with the active- and 22% with
the sham-rTM5. The patients who recerved 4 weeks of actve-sTMS
exhibited a 23% reduction in the Y-BOCS compared to 2 12%
reduction found o sham-rTMS group. In those who received 8-
wesks of actve-1TAS, OCD symproms improved on the average
by 50%. In addition, in the patient:s subjectad to activerTAS, the
MT increased significantly over time in the right hemisphera After
4 weaks of rTMS application, the abnormal hemispheric lateraliny
found in the group randomized to active-rTAS was normalized,

Sarkhel of ai. [83] administered 10 sessions (5 days per week
for 2 weeks) of rTMS to 42 OCD patients, with 10 HzrTMS (21
fior 1TMS and 21 for sham-rTM5) administered at 110%a MT for 20
min over the nght PFC. The results wers rated on YEOCS, HAM-
D, HAM-A and CGI-S at baseline, day 14 and day 28 They
reported a significant reduction in OCD symptoms and 3 significant
mprovement in mood in both rTMS and sham-rTMS groups.
However, the 10Hz-rTWMS wmesmment was not superior to sham
according to the Y-BOCS scores. The mithors concluded that 10Hz-
rTMS applied to nght PFC did not have significant effect in the
meamment of OCD, but, that, 10Hz-1TMS was modestly effsctve in
the treatment of comorbid depressive sympioms in the patients with
OCD.

In conclusion, the significant momber of dmg-resistant patdsnts
suffering from OCD makes a continuation of research on altemative
Teatmment approaches necessary and important. Yet, until today the
findingz reported zbove do not support that rTMS, as hitherto
applied, = an effective oeamment for OCD, simce only I sham-
controlled smdies yielded positive results [B1, 2], Fegarding the
Tesmnent courses, these appear 1o be madeguate. In the literanare on
the therapentic TTMS effects in depression, it is clearly suggested
that 4 wesks (ie, 20 sessions) of rTMS administered oo
consecutive weekdays are pecessary for achieving comsistent
anfideprassant effects. In contrast, in the OCD smdiss, only Alonso
@ al. [77] and Mantovan ¢f ai. [82] assessed the effects of 1TMS
compared to sham-rTAMS over at least 4 weeks However, 1TMS
was only given three-times per wesk by Alomzo &r al. [77], in
conirast 1o Mantovand ¢r al. [82] that administered rTMS five-dmes
per wesk

Atleast 2 smdiss may have been underpowered, suggestang that
results may be attributed to a type IO error [77, 78] The low placebo
response reported im OCD patiemts sopports this suspicon.
However, Sachdev ¢r al. [79] noted that ziven the effect size in
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their smdy, & very large sample would have been required to
demonstrate a group difference. In addition, all sham-controlled
studies used methods that are recognized to provide adeguate
blinding (active coil 45° or 80° o the head or inactive coil on the
head with active coil discharged in 1 m-distance) [77-83, 86-88].

Six of these smdies controlled for antidepressant effects [78, 70,
81-83, 88]. This is important, since application of rTMS to the PFC
hazs anndepressant effects [0, 89] and since comorbid depression is
common in patients with OCD [20]. As such, it is very difficalt to
aszess the effects of rTMS on OCD independent of depression.

The neural circuitty undsrlying OCT is not exclusively corical
Thus, given that rTAS is 3 focal treatment that is Enown to result in
cortical depolarization up to & depth of 2 am, it is unlikaly thar the
application of rTAS to the PFC is sufficient to modify abnormal
subcortical cirmmity in OCD, despite known trans-synaptc effects
@11

Wonetheless, the corrent findings prowide sufficient grounds to
justify  farther iovestizations infte the potential therapentic
applications of rTMS for OCD. These fumre smdies should be well
contoolled using 2 more sophisticated sham system in larger
samples m order to confimm eor falsify the therspeutic effect of
ITMS in obsessive-compulsive disordar.

PTISD

The mam sympioms: of PTSD inchide mimusive memomnes,
flashbhacks, hypervigilance, sleep dismrbance, svoidsnce of
traumatic stmmli, physiolegical hyperresponsivity and numbing of
emotions and secizl dysfunction [146]. Neuroimaging smdiss have
demonsirated thar PTSD is sssociated with hyperscdvity of the
amygdala and hypoactivity in the PFC [92-94)]. Several smudies had
indicated abnommalities invelving the PFC, in partimlar the OFC
and the DLPFC, and limbic regions, pardoularly the might
hemisphere [86, 97, 98]. Accordingly, rTMS applied to the PFC has
besn considered a5 3 potental therapeufic technigque for PTSD
reatment [99]. Coseguently, it was hypothesized that low-rTMS
applisd to the cortical areas of the nght hemisphere wonld lead to 2
decreased activity in those areas, which could comimbute to the
treammient of the functoenal cerebral sbnonmalides associated with
PTED [15, 16]. Accordingly, 2 non~controlled smdies [100.101]
and 2 conirolled were condocted [26, 88].

Grisam of @i. [100] administared 1 session of rTAS to 10 PSTD
patients, with 0.3 Hz-rTM5 administered at 100% MT for 35 min
(450 pulses) to left and nzht M1 on the same day. The patents
were szzessed at four dme points: 2 bours before, TTMS (bassling),
24 honrs following rTHMS, and 1 week and 28 days after the single
session. rTAMS applicadon led to a significant reduction in PTSD
symptoms (Le., svoidance, anwisty and somatizatgon) as reflected in
both the Symptoms Checklist and CGI-5. These effects lasted for
24 hours o 28 days.

Fosenberg ¢f al. [101], administersd 10 sessions (5 days per
week for 2 weeke) of TS to 12 dmz-resistant patients with P5TD
and depression, with 1 and 5 HzaTMS (6 for 1Hz-rTMS and § for
5Hz-+TMS) administered at ©0% MT for 15 min (600 pulses/day)
over the left PFC. The assessment was sdministered afier the frst
and fifth rTM5 meatments with the applicagon of the Profile of
Mood States, snd the HAM-D. The Mississippi Scale of Combat
Severity, and the University of Southem California Fepeatsble
Episodic Memory Test were sdministered afier the final rTMS
mreatment (10 weeks) and at a 1-month and 2-month follow-up. The
authors report & significant mprovement of hostility, insomnia and
anxwiety, but only minimal improvements in PTED symptoms.
Seventy-five percent of the patients had a climically sigmificant
antidepressant respomse after rTWIS, and 50% had sustained
response at the -month follow-up.

Cohen o al. [84] administered 10 sessions (5 days per week for
2 weeke) of 1TAS to 24 PSTD patients. with 1Hz-rTMS (n = 8),
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10Hz+TMS (o = 107 or sham-rTMS (n = §) administered at 80%
MT for 20 min over the right DLPFC. The group that was meated
with 1Hz-rTMS recemved 104 stimuli per day, in conirast to 10Hz-
rTMS and a sham-sTMS group that received 400 stimuli per day.
When compared to the other groups, the 10Hz-rTMS group showed
improvements of PTSD symptoms (Te-experiencing and avoidance)
m the PTSD check hist and Trestment Cmtcome for PTSD scale.
Also, a significent reduction of general anxiety levels, lasing for 14
days, was observed.

Boggio ¢f al. [88] admimistered 10 sessions (5 days per wesk
for 2 weeks) of rTMS to 30 PSTD patients (20 for rTMS and 10 for
sham-rTMS), with 20 HzaTMS administered ar 80% MT for 20
min (16040 pulses day) over the left (n = 10} and right PFC {n = 10).
The severity of core PTSD symptoms, depression, and snxiety were
assessed before, during, snd after the teamment In addition, a
newropsychological batery was applied before and after meamment.
The suthers showed that 20Hz-rTMS applied to both laft and right
DLPFC as compared o sham-1THS led to a significant decrease in
PTSD sympioms according to the PTSD Checklist and Treamient
Cratcome PTSD Scale However, 20Hz-rTMS applied o the right
DLPFC had a larger effect as compared to the left DLPFC. These
effects were long lasting and sigmificant at the 3-month follow-up.
Moreover, 3 significant improvement of mopd after application of
20Hz~TMS to the lefi DLPFC and a sigmificant reducton of
anwjsty following applicagon to the might DLEFC were reported.
The results of the neuropsychological battery indicated that 20Hz-
TTMS was not associsted with cognitive deterioration and iz safe
for nse in PTED patients.

The findings sbove suggest that the positive effect of high
fequency of rTMS in the right PFC, particularly in the right
DLPFC, may be melated to the re-establishment of connectviny
between sn wnderactve PFC, which is theorized to mediate
amypdala actvity and smygdala byperacdvity in PTSD, by
mecreasing PFC  aciivity. Altematively, the resli could be
associated with increased activation of the hypothalamic-pinitary-
adrensl (HFA) =awis, suggesting an association bemveen right
prefrontal and HPA axis hypoactivity [86, 88]. Given the effects of
ITMS I depression, stimmlation in the nght PFC with hizh
frequency would then theorstically worsen depressive symptoms
that are generally comorbid, since hyperactivity of the HPA awis is
commonly implicated in the pathogenesis of depression [102]. The
results, in general sapport the idea that modulation of the rght PFC,
maore specifically the right DLFFC, is capabls of reducing FTED
sympioms, suggesting that high-rTMS might be an opiimal
meamnent soategy. The data on PTSD are too preliminaty to make
an informed decision on the rele of rTMS in ifs weatment, and
additional work is needed.

PD

PD is known for recurrent and unexpected amacks of mdden
onset and short duration (10-15 min). A panic attack may be
followed for up o one month by persistent wormy regarding another
panic atack. It may consist of several symptoms, such sz fealings
of shormess of breath subsequent hypervendlarion, palpitsdons,
chest pain, sweating, chills, nauses, wembling, fear of dying or
losing control, oumbness, and a feeling of detschment or nnreality.
Meuroimaging stedies have verified that the DLPFC and amyzdala
are mvalved in D [34,103-105].

After extensive search for relizble evidence, only one contmolled
study was found: Prasko er al. [87] administered 10 sessions (5
days per week for 2 weeks) of rTMS to 15 dmg-resistant FD
patients {7 for Hz-rTMS and & for cham-rTMS), with 1 HzaTMS
administered at 110% MT for 30 min (1800 pulses/day) over the
right DLPFC. All pamicipants exhibited a reduction of anxiety
sympioms, a5 verified by the CGI, Panic disorder seventy scale
(FD55), HAM-A and Beck aoxiety inventory (BAT), however, no
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cignificant differences for PD symptomes wers found betarsen the
treatmient- and sharn-grounps.

GAD

The main characteristic of GAD is excessive and persistent
worry {present for at least & months) in varous aspects of Life (e.z.,
at work or school perfonmance) or in relaton to wellness of family
members [14§]. Oiher symptoms inchode imitability, restlessness and
impaired concentration. In addition, somatc symptoms can include
muscle tension, swesting, dry mouth, nanses and disrrhes
Begarding the cirmity of areas involved in GAD, an SET smdy
showed that limbic or frontal regions were activated in patients with
a high degree of hesitation; the same areas were found to be
deactivated when less anxions individuwals were expossd to
anxiogenic sitwations [1046]. For instance, in a VMBI study, Monk &f
al. T107] demonstrated 2 swong and negative coupline between
right amvgdala and risht venmeolateral prefrontal cortex (VIPFC)
when subijects were asked to respond to snery Seces. Somilarky.
mvestigations of GAD have demonstrated actavation of amygdala,
cortex imsular bilaterally, limbic and stristal areas. suzFesting an
mvolvement on dopaminergic functon o the soiatal and limbic
circmits [16, 108]. conmjuncio amnd Owvir Ler foneticamente .

Bazad on the idea of an inferhemispheric imbalance andor a
deficit in cortice-limbic conitel as a model for human anxiety, the
application of 1Hz-rTMS over prafrontal cortax has demonstrated
benefits in PTSD patenis [84, 88). However, no conmolled smdy
{sham-1TAM5) was performed with GAD patents, which makes it
impossible at the moment o make statements sbont the possible
efficiency of TMS against GAD. Bysmsky et al. [100] intended to
identify in GAD patients a critical area of activadon within the
prefrontal cordcal areas that could be used oo target rTME
meatment. The anthors administerad § sessions (2 days per week for
3 weaks) of rTAMS w 10 GAD patients, with 1 Hz-rTMS
administerad at 90% MT for 15 min (%00 pulses/day) over the right
DLEFC. Panents were rated on the HAM-4 HAM-D., CGI-5 and
Four-Dimensionzsl Anwiety aznd Depression Scale. showmmz a
sipnificant reduction in anxiety symptoms on both HAM-4 CGI-5,
HAM-D scales.

Investigations regarding the efficacy of TMS In anmiety
disorders have been inclined to look at certain anwiety disorders,
such as OCD, PTSD and PO, and have failed to adequately address
GAD. In fact, so far there hawve beesn no randomized sham-
conolled smdies of rTMS in GAD patients. The assessment of the
efficacy of rTMS in other disorders is vital since GAD coniributes
significantly to the high rate of comorbidity between anmisty
disorders and depression [110].

SUMMARY AND FUTURE DIEECTIONS

In conclosion, there iz yet no conclusive evidence of the
efficacy of rTMS a3z 2 wmeamment for anwisty disorders. While
positive results have frequently been reported in both open and
randomized conirolled smdies, several weatment parameters, such
a5 location, freguency, fensity and duradon, have been used
unsystematically, making the interpretation of the resnlts difficult
and providing litfle guidsnce on what mestment parameters (ie,
simulus location and frequency) mey be the most usefal for
rreating snwiety dizorders. Sham-controlled ressarch hasz often
reported sympiom improvement in all parficipants, snd has been
unable fo distinguish between response to rTBS and sham-rTMS
meatment [T8, 79, 87), indicating that sny positive clinical effect
may be largsly atiributed to a placebo efect.

A possible explanation with respect to the efficacy of rTMS in
anxiety disorders treatment is limited by the focal namre of the
simulation, with only the superficial cortical layers likely to be
directly affected. At present using availabls TMS technology, it iz
not possible to directly sdmulate more distant cordcal areas, such as
QOFC, and also subcorgcal sreas, such as amygdalas, hippocampus
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and smisnmn, which are mest likely to be relevant to the
pathogenssis of anxierny disorders [3]. Effects in subcortical areas
are thought to be mdirect, vig trans-synsptic connections [91]. In
addition, the underlying neurcbiclogical disturbance m anoety
dizorders may be too diffuse to be easily targeted with TMS
technology. Thus, we recommend further smdies to clearly
determine the role of TTMS in the weatment of anxiety disorders.
Finally, it must be remembered that however excifing the
newrobislogical mechanizms might be, the climical usefulness of
TTMS will be determined by the ability to provide patents with
anwiery  disorders with safe, long-lasting and  mbstanfial
mprovements in goality of life. Eey advances m 1TM5 and
newroimagmg technology may guide and support this aim.

ABREVIATIONS

CEI-5 = Clinical Global Impression-Seventy of Diness
DLPFC = Dorso lateral prefrontal coriex

EFM = Elevated plis-maze

fMET = Functions] magnetic Tesonance imsging
GAD = Generalized anxiety dizorder

HAM-4 = Hamilton Fating Scale for Anxiety
HAM-D = Hamilion Fating Scale for Depression
HPA = Hypothalamic-pimitary-adrenal

L = Left

LTD = Longz-term depression

M1 = Primary mofor comex

MEP = Motor evoked potential

ms = Milliseconds

MT = Maotor threshold

QCD = Obsessive compulsive disorder

OFC = Orbitofrontal cortex

POy = Pamnic disorder

PTSD = Postiraumsatic sress disorder

R = Right

TTMS = Fepetitive transcranial magnetic stmmulation
ShIA = Supplementary motor ares

™S = Transcranial magnetic simulation
YT-BOCS = Yale Brown Obsessive Compulsive Scale
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magnetic field stimulates electrical activity in the brain Anctety disorders are the most common of all
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1. Introduction

Anxiety disorders, as a group of psychiatric disorders, are the
maost common mental illnesses in the world (Hill and Gorzalka,
2009). In the United States the lifetime prevalence of anxiety
disorders is about 29% (Kessler et al, 2005). Anxiety disorders
subsume obses sive-compul sive disorder (0D, panicdisorder (PD),
post-traumatic stress disorder { FTSD), generalized anxiety disorder
(GAD) and sodal anxiety disomder(SAD ). These disorders can be very
dehilitating and although the available methods of treatment are
safe and effective (ie, pharmacothempy psywhothempy and
cognitive-behavioral therapy), high rates of non-responders to
treatment are reported, approcimately 25% of patients (Ressler and
Mayhberg, 2007 ). With advances in the understanding the neurohi-
ological mechanisms imvolved in andety disorders, new treatments

* Comresponding author. Tel: -39 6421 28 GH088; foc 249 6421 28 66122,
E-muail addrees: aniaciexcp-neuro.de (0. Arias-Carmidn )
! Bgual aniribution.

O028-3908 8 — see front matter & 2011 Elsevier Ltd. All rights nessrved.
dui: 1010186 fj newro pharm 201107024

have been espoused One such treatment method used is trans-
cranial magnetic stimulation { TME), originally introduced in 1985 as
a method for non-invasive focal brmin stimulation (Barker et al.,
TIB5). TMS is based on Famday’s law of electromagnetic induction
by which electrical activity in the brain tissue can be influenced by
the magnetic field, thereby indudng electrical current that depo-
larizes newrons {Tyc and Boyadjian, 2006).

Though used inreasingly for some neurological and psychiatric
dizorders, the use of rTMS for anxiety disorders is less well-
established. Because of its potential for interfering with cortical
function and for inducng plastic changes, rTM% has been widely
evaluated as a therapeutic tool in several neuropsychiatric disor-
ders. The application of rTMS geperates clear effects on a mnge of
measures of brain fundtion and has become an important research
tool in neurops yochiatry treatment (Hallett, 2000; Kim et al, 2009;
Rossini and Rossi, 2007 ). Within this context, the use of rTM% is
considered a brain-system-based neurmmodulation treatment due
toits focus ondirectly targeting the neural circuitny of the disorders
(Fig.1a). rTMS acts altering or modulating the function of the neural
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Fig-1. Repetitive mans anial magnetc stimubgan (rTVE) in humans and rodem=. According totheevid o gted in this review, there e hasically two types of aoils: round cails
which are relatively non foml and figure-of-eight-shaped mils ussd to stimulate spedfic anms, producing maximal coment 2 the intesscton of the two round components. The
madubmory effecs of rTME depand particu larly on the inensiy, frequency train length, inter-train imtenal, otal number of magnet c pulses delivered in the stimulagon sexsion, as
wedl as an the coil configumtion, current direchion, pulse wavedorm and positon of the anil with respect i the mrbex.a)In humans, the arm of stimulation depends on the shape of
the mil and the stimulasio n inmtensity. b ) The problem of heratio of coil size to head size in animal 'TMS studies. Due o the imitations in coil design, cails used o stimulate amimal

lrains are di sprop artion ately large relative o human mils.

circuitry in the brain that is believed to be disorganized in certain
disorders (Mahas et al, 2001 ; Speer o al, 2000). In fact, there is
now a growing interest in the research of new treatment for anciety
disorders; howewver, the main focus of the possible therapeutic
effects of rTMS is stll in the domain of depression (Hoppner et al.,
2010; Schonfeldt-Lecuona et al, 2080 ). Thus, this review paperaims
to provide information on the current research and main findings
related to the potential therapeutic effects of rTMS in anxiety
disorders. We will review the basic foundation of rTMS, the main
findings of rTM% from animal modes of anxiety and the experi-
mental advances of rTMS that can become viable as dinical appli-
cations in the coming years related to the treatment of anxiety
disorders.

2. Basic foundation of repetitive transcranial magnetic
stimulation (FTMS)

rTM% is the application to a certain brain area of a train of
repeated TMS pulses with the same intensity at a given frequency
(Hallett, 2000, 2007 ). TMS was orginally introduced by Anthony
Barker in 1985 as non-invasive focal brain simulation, safe and
painless way to study the CNS, more spedfically to activate human
maotor cortex and to assess the human central motor pathways
{Barker et al., 1985 ). Transcranial magnetic stimulation exploits the
principle of inductance discovered by Michael Famaday in 1838
(ie., Faraday's law of eledromagnetic induction) wher an elec-
trical cumrent is applied over the scalp and skull in order to transmit
electrical energy through a magnetic coil It imobees pladng a small
coil of wire on the scalp and passing a powerful and rapidly
changing current through it This produces a magnetic field that
passes unimpeded and relatively painlessly through the tissues of
the head

The TMS equipment consists of a stimulator, which generates
brief pulses of strong electrical currents whose frequency and
intensity can be varied, and a stimulation ooil connected to the
stimulator. The TMS coil is usually round or figure-eight ( butterfly)
in shape, with which the latter produces a stronger and maore focal
field than the circular coil. Stimulaton is delivered in trains, lasting
several seconds, followed by inter-tr@in intervals. The maximal field
strength generated by commerdally available stimulators is in the
2 Trange and they are able to activate cortical neurons at a depth of

1.5—2cm beneath the scalp. The precise effect of the stimulation on
neumnal activity remains undear. It is supposed that the magnetic
stimulus (duration of ~ 100 p=) synchronously exctes a population
of neurons, inducing rapid changes in the firing rates of certain
neural networks during only a few milliseconds ( Pascual-leone
et al, 2000). The time-varying magnetic field induces a weak and
short-lived current, flowing in loops pamllel to the odentation of
the coil, at the site of simulation that results in neumnal depo-
larization or spiking. The magnitude of the induced cument is
dependent on both the magnitude and rate of change of the current
discharged through the ooil

TMS in its repetitive form, e, rTMS, can modulate cortcal
excitability beyond the period of stimulation itself, giving rise to its
potential application as a dinical treatment for a variety of neuro-
lngical and psychiatric disorders, for instance anxiety disorders
(Lai et al, 2006; O'Reardon et al., 2006). rTMS can be dassified as
“high-fregquency rTMS" (=1 Hz) or “low-frequency rTMS™ (<1 Hz).
Although the response to rTMS can vary amoss individuals (Maeda
et al, 2000), high-frequency rTMS seems to faciitate cortical
excitability, while low-frequency rTMS can suppress this exct-
ahility on the motor cortex ( Chen et al, 1997 ; Pascual-Leone et al.,
194 ). Recently, a novel pattern of rTMS called theta-burst simu-
lation (TBS) was developed to produce changes in the human
cerebral cotex exdtability (Huang et al, 2005). The main advan-
tage of TBS paradigm as compared with comeentonal rTMS
protocols is that a shorer perod (between 20 and 190 =) of
subthreshold stimulaton causes changes in cortical eccitability
that outlast the time of stimulation for at least 15—20 min. Huang
et al, 2005 proposed a TBS protocol consisting of bursts of 3 pul-
ses given at 50 Hz repeated every 200 ms (5 Hz), thus, mimicking
the coupling of theta and gamma rhythmes in the brain{Huang et al.,
2005). Two main modalities of TBS have been tested. Intermittent
THS (iTHS) induces fadlitation of motorcortical exdtability whereas
continuous TBS (CTBS) leads to inhibition for 15—30 min after
application {Cardenas-Momles et al, 2010; Huang et al., 2005)

Maotor cortical excitability is characterized in surface electro-
myographic mecordings considering motor evoked potentials
(MEPs } amplitude. The most common value is the resting motor
threshold (RMT) measured with relaxed muscles. It is defined as
the minimum amount of energy (ie., intensity of stimulation)
needed o induce a MEP in a hand muscle in at least 5 out of 10
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consecutive trials (Rossini et al, 1994, 2000). RMT is additionally
used to establish the individual intensity of stimulation, usually
described as a pemcentage of the device’s available output (Walsh
and Rushweorth, 19949,

In addition, other important considerations to be taken into
account, in order to optimize the dinical effects of rTMS, are the
parameters of stimulation, eg., pulse width, number of simulation
sessions, intensity, site of stimulation and frequency ( Dileone et al.,
2010). For instance, lower frequendes of rTMS, in the 1 Hz mnge,
can suppress the exdtability of the motor cortex, while 20 Hz
stimulaton trains seem to lead to a temporary inrease in cortical
excitability (Faes et al., 20011). Although these effects vary among
individuals, the effect of low-frequency rTME is robust and long-
lasting and can be applied to the maotor cortex and to other
cortical regions to study brain—behavior relations. Instead, the
mechanisms by which cortical activation ooours are not entirely
clear, although some authors suggest that a transient increase in
the efficacy of exdtatory synapses may play a role. Higher
frequendes are achieved because a bipolar simulus is shorter than
a unipolar stimulus and reguires less energy to produce neumnal
excitation (Paes et al_, 2011}

Perhaps, the most important issue in the TMS mesearch
regarding the design of randomized, sham-contmolled clinical trials
is the use of appropriate contrmol conditions that provide a reliable
blinding of patients and investigators (de Graaf and Sack, 2011),
such as the most common strategy used, sham stimulation (sham-
rTMS) (Sandrini et al, 2001} Careful consideration of cortical
targets seems to be aitical, and this might need to be individual-
ized for each patient and underlying pathology. Predictions with
regard to the efficacy of dinical effects of rTMS are hampered due to
the relative paudty of parametric studies performed on these
variables. Moreover, individualizing stimulation parameters, taking
into account the underlying pathophysiology and the sdimulation
settings by online physiological and npeurcimaging measures,
seems to be a cudal procedure to adopt (de Graaf and Sack, 2011 ;
Sandrini et al, 2011}

3. Factors infloencing the individual response to rTMS

During the last years, genetic diversity in human population has
been a crudal topic in clinical research. It has been hypothesized
that commaon genetic variants may contribute to genetic risk for
some diseases and that they mightinfluence the subject’s response
to TMS (Cheeran et al, 2008; Kleim et al., 2006). One could spec-
ulate that a pmofound knowledge on genetic variants might help to
predict whether particdpants will respond or not to magnetic
stimulation and in which direction the modulation will take place,

The Brain Derived Meurotmophic Factor (BDMF) gene has been
asspdated to the individual response to rTMS. This gene has 13 exons
and it encodes a precursor peptde (pmo-BDMF) which in turn is
cleaved to form the mature protein A single nudeotide pohy-
marphism (SMP) lomted at nudeotide 196 (guanine (G ) adenosine
(Al has been identified The result is an amino acid substitotion
Valine (Val}-to-Methionine (Met) at codon 66, and it has been
hypothesized that this SMP though located in the pro-BDNF alters
intracellular processing and secretion of BDMNF (Egan et al, 2003 ) In
healthy subjects it has been associated with mild memaory impair-
ments, reductionin hippocampal and frontal cortical areas and some
personality trits (Egan et al, 2003). This ValiGMet polymorphism
could be also associated to psychiatric disorders such as depression
and risk of schizophrenia, as well as to the pathogenesis of some
neumdegenerative diseases, e, Alzheimers diseaze, Parkinson’s
disease and amyotrophic lateral sdemsis (Egan et al, 2003 ).

The strong evidence, on the one hand, of a fundtional role for
this BDMF commaon polymorphism, and on the other hand, the

implication of this gene in LTP process yielded to anabyze whether
a BDMF genotype influences the response to TMS delivered over
M1. Little is known regarding this topic. The first investigation
demonstrated that the fadlitation following the performance of
fine-maotor tasks, reflected as an increase in the amplitude of
AP, was more pronounced in Val/Val polymaorphism carriers as
compared to ValiMet or Met/Met carriers (Kleim et al, 2006).
Azecond study explored the inhibitoryeffect of the cTBS protocol in
healthy carriers of different polymomhisms of the BOMNF gene. The
findings suggested that Val /Met or Met/Met (MNon-Val'Val) carriers
have a reduced response to cTBS as compared to those subjects
with Vals6Val polymaorphism (Cheeran et al., 2008).

Beside genetic variations a second factor influences the individual
response to ThMS: the physiological state of neurons at the time of
stimulation. Synaptic plasticty can be modulated by prior synaptc
activity. The direction and the degree of modulation seemtodepend
on the previous state of the network. This kind of plasticty is called
metaplastidty ( Abmham and Bear, 1996 ; Turrigiano et al, 1998 ). For
example, extenal stimulation that activates the resing network
could decrease the same network if it was not at rest at the moment
of simulation. In animal models, it has been related to the NMD# -
receptor activation, Ca™ influx, CaM, CaMKIl and to modifications of
inhibition of GABA melease ( Davies et al., 1991).

The phenomenon of metaplastcity has been demonstmated
applying rTMS at cortical regions that have previously been
modulated by means of cathodal or anodal transcoanial direct
current stimulation {Sishner et al, 2004 ). One-minute of musoular
contraction of the abductor pollids brevis (APB) during TBS over
M1 suppressed the effect of the cTBS and iTBS effect on the cMAPS
amplitude. When the contraction was hold immediately after TBS,
it enhanced the facilitatory effect of iTBS and reversed the usual
inhibitory effect of cTBS into fadlitation. In a second study, the
applicaton of 300 pulses of cTBS fadlitated cMAPs amplitude,
whereas the same train of stimulation preceded by voluntary
contraction of 5 min or 600 pulses of cTBS with the muscde at rest
decreased it. The results suggest that 300 pulses of cTBS may have
a similar mechanism than iTBS and may prime neuronal elements
to undergo inhibition by the late cTBS with 600 pulses. Similarhy,
the change in the TRS of fecs before or after a muscular contraction
provides evidence for metaplastidty of corticospinal excitability in
the human ML These findings must be considered when applying
TBS in cinical trials.

4 Potrntal oellular and molecular medchanisms of TTMS
in animal models of ancdety disorders

rTM5 holds the potential to selectively modulate brain circuit-
res imeolved in pathological processes such as posttraumatc
stress disomder, obsessive-compulsive disorder, panic disorder,
generalized anxiety disorder and sodal anxiety disorder (Pallant
and Bernardi, 2009; Zwanzger et al., 2009], instead of preliminary
studies using rTMS have provided largely inconclusive evidence of
symptom relief in ohsessive-compulsive disorder (Sachdev et al.,
2001} and panic disorder (Mayberg et al., 1999). Moreover, rTMS
has great potental as an additional option combined with
peychotherapy and fordrugs to psychotherapy and drug treatments,
especially since TMS has only very little treatment discomfort and
no lasting side effects, comparing it favorably with many somatic
treatments (Zwanzger et al., 2008 ). Howewer, using TM5 in dinical
practice is essential in order to know how it acts on brain tissue in
terms of, the putatve neumbiclogical changes underlying the
observed dinical effects (Pallant and Bernardi, 2009; Post and
Kecl, 2001; Rossi et al., 2008 Within this context, the limita-
tions of human research require appropriate pre-clinical studies in
animal models (Arias-Camion, 2008; Plaiz and Rothweell, 2010} In
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addition, basic smdies are needed at the cellular and molecular
level in order to better understand the regulaton of the induced
intracerebral curmrent density, unraveling which elements imvohed
in this regulation may serve as potential treatment targets (Arias-
Carrign, 2008; Platz and Rothwell, 2000

In animal studies, rTMS has been reported to improve some
anxiety-related behaviors (Kanno et al, 2003; Keck et al, 2000). An
experiment demonstrated that the intensity of stimulation is
acritical factor in the anxiolytic benefit as assessed by the elevated
plus-maze (EFM] test in male Wistar rats (Kanno et al, 2003).
The chronic rTM% eatment, ie., 5 rains of 25 Hz-rTMS for 1 =
(125 pulses/day] with 2 min intervals between tmins per 3 days,
induced rats to execute EFM test better than rats exposed to acute
rTMS treatment at the same conditions per 1 day, and in additon
suppressed the inrease in extracellular semtonin (5-HT) levels
induced by the EPM test, but did not influence the elicited dopa-
mine [ DA levels

These data suggest that chronic treatment with rTMS over the
frontal areas has anxiolytic effects in rats, which are related to the
S-HTergic neuronal system On the other hand, other studies have
been reported that chronic rTMS treatment with 3 trains of 20 Hz-
rTMS for 2.55 (150 pulses/day) at 1305 of rat’s MT daily for 8 weeks,
had no effects in male Wistar rats and was anxiogenic in rats
selectively bred for low anxiety-related behaviors, using the EPM
test, although the treatment did appear to have antidepressant-like
effects showing an attenuated stress-induced elevation of plasma
corticotrophin { ACTH) concentrations in the forced swim test (Keck
et al., 20040, 2001 . However, other experiments contradicted the
findings, showing no differences on the performance of the same
task between animals treated by 15 Hz-rTMS at 80% mt’s MT for 3 =
for 10 consecutive days and sham-TMS [ Hedges et al., 2005, 2003).
Last but not least, Hargreaves ot al (2005) administered 18 daysof 4
trains of 20 Hz4TMS daily for 4 s (320 pulses/day) with an inter-
train interval of 30 5 to male Sprague-Dawley rats. The authors
showed that no significant differences were found in any of the
anxiety models examined, such as, sodal interaction, emergence,
elevated plus-maze, and predator odor avoidance, while active-
rTMS compared to sham-rTME produced a modest, but not signif-
icant, antidepressant-like activity in the forced swim test. In this
task, Hargreaves and colleagues did not find an inreased swim-
ming behavior compared to sham-treated rats, suggesting that the
level of stress ohserved during the task performance may have
accompanied sham-treatment.

In general, results from animal models of anxiety-related
disorders have demaonstrated an antidepressant-like activity of
rTMS with some consistency. For instance, in smdies using the
forced swim test (the most widely used pre-dinical antidepressant
test], rTMS demonstrated a robust treatment-induced antidepres-
sant-like activity in rodent models of anxiety (Belmaker and
Grisaru, 1998; Hedges et al, 2003; Keck et al, 2000; Sachdev
et al, 2002). For this meason, it has been suggested that the
observed benefit of TMS in some studies may be due to relief of
depressive symptoms rather than being specific to the andiety itself
{Hedges et al., 2005).

Maost of the rodent studies performed have been limited in their
applicability to the physical rTMS spedfications used for humans.
That is, due to certain factors, such as the coil size, rTMS @nnot be
focally delivered in rodents, and in that case the entire hrain
receives the simulaton (Fig. 1b). Because of this and other limi-
tations, eg, stress associated with handling procedure, sound of
magnetc simulator, and direct effects of rTMS on the muscles,
rTM% application is considered to be more focal in humans thanin
rodents (Wassermann and Lizanby, 2001). Moreower, sham-
controlled conditions are reguired in the smdies in order to
provide a safe interpretation regarding effects of rTMS on anciety

symptoms. Thus, it has been suggested that the efficacy, validity
and usefulness of rTMS in studies with mdents =o far is question-
ahle because few smdies wsed sham-controlled conditons
and because of other limitations already cited above (Weissman
a al, 1992

5. rTNG effects on ancdety disorders in huma ns

Anxiety is 2 normal adaptive response to stress that allows
coping with adverse sitmations. However, when anxiety becomes
mocessive or dispmportonal in relation to the situation that evokes
it or when there is not any spedal object directed at it, such as an
irrational dread of routine stimuli, it becomes a disabling disorder
and is considered to be pathological (Coutinho et al., 2010; Tallman
e al, 1980). The term “anxiety disorders™ subsumes a wide variety
of condiions of abnormal and pathological fear and anxiety,
induding 0D, PTED, PD, GAD and SAD (Fallanti and Bernardi,
2009; Fwanzger et al., 2009 ). The anxiety dizorders comprise the
maost frequent psychiatric disorders and can range from relatively
beginning feelings of nervousness to extreme expressions of terror
and fear.

Based on the idea of an interbemispheric imbalance andjor
defidt in the limbic-cortico control, (Ressler and Mayberg, 2007 )
proposed a model for human anxiety based on the theory so called
“alence-hypothesis”, which has been formmerly proposed for
(Heller et al., 1997). According to this model, withdrawal-related
emotions such as anxiety are loated to the right hemisphere,
whereas appmach related emotions such as joy or happiness are
biased to the left hemisphere. In line with this hypothesis, Keller
o al. (2000} examined and found an increased right—hemi-
spheric activity in anxiety disorders, reinfordng an assodaton
between increased right—hemispherc activity and anxiety. The
first evidence of this model was observed by the use of 1 Hz-rTMS
an the right prefrontal cortex (PFC) has demonstrated effects in
some studies involving healthy individuals (Zwanzger et al., 2009).
Howeever, Pallanti and Bernardi also argued that rTMS over the left
dorsolateral prefrontal cortex ( DLPFC), especially above 5 He-rTME,
meduces the symptoms of anxiety in PTSD and panic disorders
(Fallanti and Bernardi, 2009} Therefore, to further eluddate the
putative anxiolytic acionof rTMS inanxiety patients future stdies
have to be conducted.

Other studies set out to investigate the hypothesis of high-rTMs
efficacy in anxiety disomders treatment (Pallanti and Bernardi,
2008). Specifically, the cerebral hyperexdtability and behavioral
ar cognitive activation ohserved in neuropsychiatric disorders
suppaort this hypothesis (Hoffman and Cawvus, 2002 ) The smdies
demonstrated that the activity of fronto-subcortical circuits can
arguahly be diminished by increasing the adivity in the indirect
pathway by stimulating the left DLPFC by high-rTM5% (George et al.,
1946, Pallanti and Bernardi, 2008 ). In this section, we will disuss
the mechanisms and circuitries involved in anxiety disorders
(i.e., LD, FTRD, PD and GAD) and the therapeutic effects of rTMS
for each disorder. Moreowver, we will give a brief description and
present the main findings of fTMS treatment for each disorder
(see Table 1)

51. Obsesive-compulive disorder {OCD)

The main sy mptoms of 0D are ohsessions (eg., ideas, thoughts,
impulses or persistent images) that are experienced by the patients
a intrusive are associated with compulsions (eg. mepettve
behaviors, like washing the hands; or mental acts, like prayer). On
the whaole, individuals with obsessions, attempt to suppress ar
neutralize them with other behavior, such as thoughts or actions
(Coutinho et al, 2010).
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Table 1
Summary of apen and ntral led s tudies o f rTMES and its effeds on aneisy disordes
Study 0D Design N TS protocal Effiacy
Cremnberg ot al, 1998 Open study 1 se=wion 12 PRC—R 20 Hz of S MT PFC-L 20 Reduction in OCD symptoms anly
Hz of S MT Ocdpital 20 Hx 80T MT with right-sided treatrment_*
Sachdev et al, 2001 Open study 110 sessions 12 PPC—R 10 Hz of 1101 MT Both groups showed a signifi@nt redudion
(5 days per week for 2 weeks ) PFC—L 10Hz of 1105 MT in 0D symiptoms* Howewer, no significant
difference was noted betwesn groups.
Alomso et al, 2001 RCT 18 =e=cxions 18 DLPPC—R 1 Hz of 1102 M T Sham-r TME Elight redudtion in O(D symptoms in rTMS
(3 days per wesk for & wesks ) group.® However, no signifiant differenae
wias nated betwesn groups.
Manmvani =t al, 2006  Open shudy 10 s=ssions 10 SMA—bilaterally 1 Hz of 100 MT Significant reduction in OCD sympiomes"
(5 days per week for 2 weeks )
Prako = a, 2006 RCT 10 me=gons ] DLPPC1L 1 Hz of 1109 MT Sham. rThEE Both groups showed a signifi@nt redudion

Sachdew =t 2l 2007

Kang =t al, 2008

Ruffini eta, 20089

Mamiovam =t al, 2140

Sarkhel et al, 2010

FIsD
Grisaru =t al, 1998

Rosenberg et al, 2002

Cohen et al, 2004

Boggio et al, 2010

D

Prako o 4, 2007

GAD
Bystritsky et 2l 2009

(5 days per week for 2 weeks )

RCT 10 meesions 18 DLUPRC—L 10 Hz of 11 MT Sham-rThis

(5 days per week for 2 weeks )

RCT 10 s==xions 20 DUPPC—R 1 Hzaf 1102 MT SMA—bilaterally
(5 days per wesk far 2 wesks ) 1 He of 100 MT Sham-rThvE
RCT 15 s=sxions 23 QPCL1 Hz of 80 MT Sham-rTMS

(5 days per week for 3 weeks )

RCT 2 secsions 18 SMA—bilterally 1 Hz of 10(%
(5 days per week for 4 weeks ) MT Sham-rThs
RCT 10 segsions 4z PFC—H 10 Hz of 110% MT Sham-rTMS

(5 days per week for 2 weeks )

Open study 1 session 10 Maotor mrex—R of 03 Heof TO0EMT
Motor ariex—L. of 0.3 Hz of 1001 MT
Open study 110 sessions 12 DLPFC—L 1 Hz of S0 MT

(5 days per week for 2 weeks ) DUPPFC—L 5 Hz of S0 MT

DLPFC—R 1 Hz of S0 MT DUPFC-R
10 Hz of S MT Sham-rThs

RCT 10 sewsions 24
(5 days per week for 2 weeks )

DLPPC—L 20 Hz of $0% MT DUPFC-R
20 Hr of SF MT Sham-rTMS

RCT 10 sewsions 30
(5 days per week for 2 weeks )

RCT 10 meesions 15 DUPFC—H 1 Hz af 110% MT Sham-r TME

(5 days per week for 2 weeks )

Open study 6 sessions 10 DLPFC—R 1 Hz of S0 MT

(2 days per wesk for 3 weeks )

in anciety.* Howerer, no signifimnt di fenence
was found betwesn groups.

No signifiamt difference was found between
groups. However, after compari son, all subjecs
reveived rTME showed a significant reduction
in 0D symptoms.

Mo signifimnt difference was found on bath
groups and betwesn groups.

Significant reduction in OCD sympioms in favar
of r TME compamed to sham-rTME* However,
na signifimnt rsdudion in anadety and
depression symphoms was found betwesn groups.
Signi ficant reduction in 00D sympioms in
fawar of rTMS to sham-rThs"
Significant reduction in OCD sympinmes and

a signifimnt improvwement in moad in both
groups* Howew e, no signifimnt difference
was observed betwesn groups.

Signi ficant reduction in anadety, and FTSD
symiphomes X

Significant improvement of insommia, hostility
amd amci ety, but minimal improvements in FIS0
symiptames* However, no significant different
was nobted betwssn groups.

Significant improvement of FISD symptoms and
a signifimnt redudion in general amdety levels
in fwvor of 10 Hz<r'TMS group when compared
to aother groups®*

Signi ficant reduction in FTSD sympbams,
amxiety and improvement of mood in Gwar

of r TMS compared to sham-rTMs.*

Both groups showed a signifi@nt redudion

in anacety symiptomes* However, no significant
differenoe was found betwesn groups

fiar PI) s ympbomes.

Significant reduction in anacety sy mptomes*

DIPPC dorsolateral prefrontal aortex; L left; GAD: generalived ancety disorder; MT: motor threshald ; 000 obs e we-ompu lsive disorder; PI: panic disonder; FISD: post-
traumatic siress disorder; K: right; RCT: randomired dimnical trial; rTMS: repetitive transcranial magnetic stimulation; SMA: supplemen tary motar anea.
* Significnt level at <005

With regard to the brain drouits involved in OCD, several studies
had detected abnormalities involving mainly cortical and sub-
cortical structures, such as the hasal ganglia, orbitofrontal cortex
(0ORC), supplementary motor area (SMA ), DLPFC, and in particular,
the caudate nucleus (Pena-Garijo et al, 20010ab). Momeover, func-
tional magnetic resonance imaging (MMRI) studies suggested that
OCD-related repetitive behaviors are caused by a medudion in
coricaksubrortical  inhibition and cortical  hyperexcitability
ohserved in regions of the PFC {Saxena et al, 2002).

Within this context, a few reliable studies related to reatment
of OCD symptoms were performed. Eight randomized controlled
studies (Le, using sham-coil} imvestigated the efficacy of rTMS an
the reduction of OCD symptoms (Alonso et al, 2001; Kang et al.,
2008; Mantovani et al, 2010; Prasko et al., 2006; Rossini et al.,
2010; Sachdev et al., 2007; Sarkhel et al, 2010). However, only

few studies reported significant differences between actverTMS
and sham+TM5 for OCD symptoms (Mantovani et al, 2000;
Sarkhel et al, 2010). In additon to these studies, another 3 non-
contmolled studies to investgate rTMS effects on OCD symptoms,
meporting no significant differences  between acive-rTS and
sham-rTMS (Greenberg et al., 1998 ; Mantovani et al., 2006; Sachdev
etal, 2001).

With respect to non-contmlled studies, in an intra<ndividual
rossover study, Greenberg et al. administered 1 session of rTMS to
12 0CD patients, with 20 Hz-rTM S administered at 0% MTfor 20 min
(800 pulses) over the left and right PFC and the occipital cortesx (000C]
an separate days (Greenberg et al, 1998). Compulsive symptoms
improwved until & hafterrTMS application over the right PRC as rated
on Yale Brown Obsessive Compulsive Scale (Y-BO(CS). Howewer,
application of rTM% to the left PFC resulted in a shorter-lasting
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(ie., 30min)and non-significant reduction in compulsive symptoms.
Maoreover, mood improved during and 30 min after rTMS application
over the right PRC as rated on Hamilton Rating Scale for Depression
(HAM-DL. Compulsive symptoms also improved after rTMS applied
tothe OCC, althoug h not significanthy.

In open study, Sachdev et al. administered ¥ sessions (5 days per
week 2 weeks ) of rTMS to 12 drug-resistant (D patients, with 10 Hz-
rTM% administered at TI0EMT for 15 min{ 1500 pulses (day ) over the
left (n = &) ar right PFC (n = 6). Both gmoups showed significant
reductions in ohsessions and compulsions as mted on the Y-BOOS
scale after 2 weeks of rTMS application, however, no significant
differences weme found between the groups (Sachdev e al, 2001).
The improvement in the ohsessions persisted until one month after
rTMS treatment according to the results of ¥Y-BOCS subscales,

Maore recently, Mantovani and colleagues administered 10
sessions (5 days per week for 2 weeks) of rTMS to 10 patients
{5 with OCD and 5 with Tourette’s syndrome), with 1 Hz-rTMS
administered at 100% MT for 26 min (1200 pulses/day] hilaterally
over the SMA (Mantowani et al, 2006). After the second week of
treatment, statistically significant reductions were still deteced
with the Y-BOCS and other scales. Symptom impmovement was
correlated with a significant inorease of the right resting motor
threshold and was stable at 3-maonth followe-up 1 Hz-rTMS applied
to the SMA resulted in significant dinical improvement and
normalizaton of the right hemisphem hyperexcitability, thus
re-gstablishing hemispheric symmetry in MT.

With regard to the mndomized controlled studies, Alonso et al.
administered 18 sessions (3 days per week for 6 weeks) of rTMS to
18 OCD patients (10 for rTMS and 8 for sham-rTME), with 1 Hz-
rTM5S administered at 110% MT for 20 min { 1200 pulses \day) over
the right DLPFC (Alonso et al., 2001). The authors found a slightly
greater redudtion in obsessions inthe rTMS group; however there
was no significant difference between groups according to obses-
sion or compulsion scales and total scores of Y-BOCS and HAM-D.
Similarly, Prasko et al. administered 10 sessions (5 days per week
for 2weeks) of rTMS to 30 drug-resistant OO0 patients { 18 for rTMS
and 12 for sham-rTM%S], with 1 Hz<TMS administered at 1108 MT
far 30 min (1800 pulses{day)] over the left DIPRC (Prasko et al,
2006). The result was a significant reduction in anxiety measures.
Both 1TM5- and sham-rTMS groups displayed a significant reduc-
tion in measures on the HAM-A and Y-BOCS scales, however, no
significant difference was found between the groups.

Sachdev et al administered 0 sessions (5 days per week for
2 weeks | of rTMS to 18 drug-resistant OCD patents (10 for rTMS
and & for sham-rTM5), with 0 Hz-rTMS administered at 110% MT
for 15 min (1500 pulses day]} over the left DLPFC (Sachdev et al.,
2007). After the 2 weeks, no significant reduction in anxiety
symptoms was observed between groups, Then, at the end of the
treatment, patients were unhlinded and given the option of
a further 2 weeks [ #0 sessions) of rTMS if they had received real-
rIMS, or 4 weeks (20 sessions) of rTMS if they had meceved
sham-rTME After such further treatment a significant reduction in
obsessive symptoms was verified through the Y-BOCS scale.

Kang et al administered 10 sessions (5 days per week for
2 weeks) of rTMS to 20 drug-resistant LD patents {10 for rTMS
and 10 for sham-rTMS), with 1 Hz4TMS administered at 110 MT
for 20 min (1200 pulsesiday] over the right DLPFC and sequentially
at W0E MT for 20 min {1200 pulses /day) bilaterally over the SMA
(Kang o al, 2009). There were no significant differences over
4 weeks betweeen the rTME and sham<TMS groups on the Y-BOCS
and the MADRS. These fndings suggest that 10 sessions of
sequental rTMS of the right DLPFC and the SMA at 1 Hz-r'TMS had
no therapeutic effect on 0D symptoms.

Ruffini et al. administered 15 sessions (5 days per week for
3 weeks] of rTMS to 23 drug-resistant OCD patients, with

1 Hz-rTM5 (16 for rTMS and 7 for sham-rTMS ) administered at 80&
MT for ¥ min (600 pulses/day) over the left OFC (Ruffini et al.,
2009 ). There was a significant reduction in Y-BOCS scores when
comparing rTM% to sham-rTMS for 10 weeks after the end of
treatment: this effect was no longer apparent after 12 weeks. There
was also a mducton in anxiety and depression symptoms, but not
a significant difference between the 2 groups. The authors sug-
gested that 1 He-rTMS applied to the left OFC produced asignificant
but ime-limited improvement in the OCD patients.

Mantowani et al. administered 20 sessions (5 days per week for
Aweeks) of rTMSto 18 drug-resistant (WD patients (9 for rTMS and
a for sham-rTME), with 1 Hz-rTMS administered at #00% MT for
20 min {1200 pulsesday] hilaterally over the SMA (Mantovani
et al, 20010} At the end of the treatment, both, non-responders to
sham-rTM5 and responders to active- or sham-TMS received the
option of a further four weeks of open acive4sTMS. After the
additional 4 weeks, the response rate was 67% with the active- and
22% with the sham-rTMS. The patients who receved 4 weeks of
active-rTMS exhibited a 25% reduction in the ¥Y-BOCS compared to
a 12% reduction found in sham-rTMS group. In those who received
E-weeks of active-rTME, 0D symptoms improved on the average
by 50%. Inaddition, in the patients subjected to active-rTMS, the MT
increased significanty over ime in the right hemisphere. Afer
4 weeks of rTMS application, the abnormal hemispheric latemlity
found in the group randomized to acive-rTMS was normalized.

Sarkhel et al. administered 10 sessions (5 days per week for
2weeks) of rTMS to 42 0D patients, with 10 Hz-rTMS (21 for rTMS
and 21 for sham<TMS] administered at 110% MT for 20 min over
the right PFC (Sarkhel et al, 2010} They reported a significant
reduction in OCD symptoms and a significant improvement in
mood in both rTMS and sham-1TMS groups. However, the 10 Hz-
WS treatment was not superior to sham-rIM: according to the
Y-BOCS scores. The authors concduded that 10 Hz—rTMS applied to
right PFC did not have significant effect in the treatment of 0D,
but, that, 10 Hz-rTM5 was modestly effective in the treatment of
comorbid depressive symptoms in the patients with OCD.

At last, Mansur et al. applied 30 sessions (5 days per week for
Gweeks | of rTMS to 30 O patients with 10 Hz-rTMS (15 for rTMS
and 15 for sham-rTM5) administered at 110% MT for 20 min over
the right DLPFC (Mansur et al, 2011). The authors found positive
responses in Y-BOCS (30% of improvement) and in CGI {‘'much
impmoved or “very much improved’]l. Thus, they concluded that
W Hz-rTMS treatment over the MLPFC was not superior to sham-
M5 in relieving OCD symptoms, redudng dinical severity, or
improving treatment response.

Maore recently, in a meta-analysis, Slotema et al. concluded and
do explicitly not recommend rTMS for the treatment of O
(Slotemna et al, 2000} However, in this study, the authors found
only 3 randomized-controlled trals, in contrast to the studies of
Pigot et al that showed afew positive effects of rTMS for OO (Pig ot
etal, 2008)

In conclusion, the significant number of drug-resistant patients
suffering from O makes a continuation of research on altermative
treatment approaches necessary and important. Yet, until today the
findings reported above do not support that rTMS, as hitherto
applied, i= an effective treatment for OCD, since only 2 sham-
controlled studies yielded positdve results (Manbovani et al., 2000;
Buffini et al, 20049). Regarding the treatment courses, these appear
to be inadequate. In the literature on the thempeutic rTMS effeds in
depression, it is clearly suggested that 4 weeks (ie., 20 sessions | of
rMMS administered on consecutive weekdays are necessary for
achieving consistent antidepressant effect=. In contrast, in the OCD
studies, only three studies assessed the effeds of rTMS compared to
sham-rTM5 owver at least 4 weeks (Alonso et al, 2001 ; Mantovani
e al., 2000 ). Howeever, rTMS was only given three-times per week
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(Alonsoet al, 2001), in contrast to the second and third studies that
administered rTMS five-times per week (Mantovani et al, 2010).

At least 2 studies may have been underpowered, suggesting that
results may be attributed to a type Il error (Alonso et al, 2001;
Prasko et al, 2006). The low placebo response reported in OOD
patents supports this suspicdon However, Sachdev et al. noted that
given the effect size in their study, a very large sample would have
been required to demonstrate a group difference (Sachdev et al,
2007). In addition, all sham-controlled studies used methods that
are recognized to provide adequate blinding (active coil, 45° or 90F
tothe head orinactive coilon the head with active coil discharged in
1 m-distance) (Alonsoet al, 2001 ; Bogeio et al, 20010; Cohen et al.,
2004; Kang et al, 2009; Mantovani et al, 2006, 2010; Prasko et al.,
2006; Praskoet al., 2007 ; Buffini et al, 2009; Sachdev et al., 2007).

Six of these studies controlled for antidepressant effects { Boggio
et al., 2010; Mantovani et al., 20100; Paskoetal., 2006; Rossini etal.,
2010; Sachdev et al., 2007; Sarkhel et al,, 2010). This is important,
since application of rTMS to the PFC has antidepressant effects
(Herrmann and Ebmeier, 2006; Shah o al, 2008] and since
comorbid depression i= common  in patents with 0D
{Abramowitz et al., 2007). As such, it is very difficult to assess the
effects of rTME on 0D independent of depression.

The neural drowitry underlying OO0 is not excusively cortical.
Thus, given that rTMS is a focal treatment thatis known to result in
cortical depolarization up to a depth of 2 am, it is unlikely that the
application of rTMS to the PFC is suffident to madify abnormal sub-
cortical drouitry in OCD, despite known trans-synaptic effecs
{George et al., 2009, 1996).

Monetheless, the current findings provide suffident grounds to
justify further investigations into the potential thempeutic appli-
cadons of rTMS for OCD. These future smdies should be wel
controlled using a mome sophisticated sham system in larger
samples inorder to confirm or falsify the therapeutic effect of rTMS
in OCD (George et al., 2009, 1996).

52 Post-moumatic stress disorder (FTSD)

The main symptoms of PTSD include intrusive memories,
flashbacks, hypervigilance, sleep disturbance, avoidance of trau-
matc stimuli physiological hyperresponsivity and numbing of
emations and sodal dysfunction (Pallanti and Bernardi, 20049).
Meurcimaging studies have demonstrated that FTSD is associated
with hyperadtivity of the amygdala and hypoactivity in the PRC
{ Bremner, 2002, 2004, 2005, 2006; Shin et al., 2006 ). Several studies
had indicated abnormalities involving the PFC in particular the ORC
and the DIPFC and limbic regions, particularlythe right hemisphere
{Cohen et al,200; Ferrari et al., 2008). Accordingly, rTMS applied to
the PRC has beenoonsidered as a potential therapeutic technique for
PTSD treatment (Figot et al., 2008 ). Consequenty, it was hypothe-
sized that lowsTMS applied to the cortical areas of the right
hemispherew ould lead to a dereased activity inthose areas, which
could contribute to the treatment of the functonal cerebral abnor-
malities associabed with FT:D (Pallanti and Bernardi 2004;
Zwanzger et al, 2008) Accordingly, 2 non-controlled studies
(Grisaru et al_, 1998; Rosenberg et al., 2002} and 2 controlled were
conducted (Cohen et al, 2004; Prasko et al., 2007 |

Grisaru et al. administered 1 sessionof rTMS to 10 PSTD patients,
with 0.3 Hz<TMS administered at 100% MT for 35 min {450 pulses )
to left and right M1 on the same day (Grisaru et al., 1998). rTMS
application led to a significant reduction in FTZD symptoms (ie.,
avoidance, anxiety and somatization} as reflected in both the SCL-
90 and CGI-5. These effects lasted for 24 h to 28 days.

Rosenberg et al., administered 10 sessions (5 days per week for
2 weeks) of rTMS to 12 drug-resistant patients with PSTD and
depression, with 1 and 5 Hz-rTMS (6 for 1 Hz-rTMS and & for

5 Hz-rTM%) administered at Q0% MT for 15 min (600 pulses/day)
over the left PFC (Rosenberg et al, 2002). The authors repart
a significant improvement of hostility, insomnia and anxiety, but
only minimal improvements in PTRD symptoms Seventy-five
percent of the patients had a dinically significant antidepressant
response after rTMS, and 50% had sustained response at the
2-month follow-up as rated on the Profile of Mood States (POMS)

Cohen et al. administered 10 sessions (5 days per week for
2 weeks) of rTMS to 24 PSTD patients, with 1 Hz-TMS (n = B,
0 Hz-1TM5 (n = 10) or sham-rTM5 (n = 6} administered at 80% MT
for 20 minover the right DLPFC{ Cohenet al., 2004). The group that
was treated with 1 Hz-rTMS received 00 stimuli per day, in
contrast to 10 Hz-rTMS and a sham-rTMS group that received 400
stimuli per day. When compared to the other groups, the 10 Hz-
rTM% group showed improvements of FTSD symptoms (re-expe-
rnendng and avoidance) in the PT:D Checklist and Treatment
Cutcome for PT:D =scale. Also, a significant reduction of general
anxiety levels, lasing for 14 days, was observed

Bogzio et al. administered 10 sessions (5 days per week for
2weeks) of rTMS to 30 PSTD patients (20 for rTMS and 10 for sham-
rTME], with 20 Hz-rTMS administered at 805 MT for 20 min {1600
pulses/day }owvertheleft{n= 10} and right PFC{n = 10} {Boggio et al.,
2010} The authors shoveed that 20 Hz-rTMS applied to both left and
right DLPFC as compared to sham-TMMS led to a significant decrease
in FTS0 symptoms acoording to the FTSD Checklist and Treatment
Outcome PTSD Scale. However, 20 Hz4TMS applied to the right
DLPFC had a larger effect as compared to the left DLPFC remaining
long-asting and significant at the 3-month follow-up. Moreover,
asignificant improvement of mood after application of 20 Hz<4TMS
to the left DUPRC and a significant reduction of anxciety following
application to the right DLPFC were reported.

The findings above suggest that the posidve effect of high
frequency of rTMS in the right PRC, particularly in the right DLPRC,
may be mlated tothe re-establishment of connectivity between an
underactive PFC, which is theorized to mediate amygdala activity
and amygdala hyperactivity in FTSD, by increasing PRC activity.
Alternatively, the result could be assodated with inoeased activa-
ton of the hypothalamic-pituitary-adrenal (HPA ) axis, suggesting
an associaton between right prefrontal and HPA axis hypoactvity
(Boggio et al., 2010; Cohen et al., 2004 ). Given the effects of rTMS in
depression, stimulation inthe right PFC with high frequency would
then theometically worsen depressive symptoms that are generally
comaorbid, since hyperactivity of the HPA axis is commonly impli-
cated inthe pathogenesis of depression (Thomson and Craighead,
2008 ). The results, in geneml support the idea that modulation of
the right PFC, more spedfically the right DLPFC is capable of
redudng FTSD symptoms, sugeesting that high-rThS might be an
optimal treatment strategy. Thedata on PTSDare too preliminany to
make an informed decision on the role of rTMS inits treatment, and
additional work is needed (George et al., 2006, 1996).

With regard to the iindings of the rTMS application over the left
hemisphere areas, the antidepressant effects of rTMS are already
expected due to comorbidity with depression often observed in
patients with anxiety disorders. On the other hand, the findings
regarding the effects of highaTMS application over these areas do
not suppart the hypothesis that the activity of fronto-subcortical
drouits can arguably be diminished by increasing the activity in
the indirect pathway by stimulating areas of left hemisphere,
mainly DLPFC, by high+TMS (George et al., 1996; Pallant and
Bernardi, 2004 ).

53. Panic disorder (PD)

POV is known for recurrent and unexpeced attacks of sudden
onset and short duration (10—15 min} A panic attack may be
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followed for up to one month by persistent worry regarding
another panic attack. It may consist of several symptoms, such as,
feelings of shortness of breath, subsequent hyperventlation,
palpitations, chest pain, sweating, chills, nausea, trembling, fear of
dying or losing control, numbness, and a feeling of detachment or
unreality. Meuroimaging studies have verified that the DLPFC and
amygdala are involved in PD {Mayberg et al., 1999; MNordahl et al.,
19498; Prasko et al., 2004; van den Heuvd et al., 2005).

After extensive search for reliable evidence (George et al,
2009; Pallanti and Bernardi 2009; Pigot et al., 2008; Zwanzger
et al, 2009 ), only one controlled study was found: Prasko et al.
administered 10 sessions (5 days per week for 2 weeks) of rTMS to
15 drug-resistant PO patients (7 for Hz-rTMS and & for sham-
rTME), with 1 Hz-rTMS administered at 110% MT for 30 min
(1800 pulses/day)} ower the right DLPFC (Prasko et al, 2006]) All
partidpants exhibited a mducton of anxiety symptoms, as verified
by the CGL Panic disorder severity sale (PDSS), HAM-A and Beck
anxiety inventory (BAL), however, no significant differences for PO
symptoms were found between active-rTMS and sham-rTMS

ErOups.
54 Generalized anxiety disorder {GAD)

The main charaderistic of GAD is mwessive and pesistent
womy (present for at least 6§ months) in various aspedas of life (eg.,
at work or school performance] or in relation to wellness of family
members (Palanti and Bernardi 2009). Other symptoms indude
irritability, restlessness and impaired concentration. In addition,
somatic symptoms can include muscde tension, sweating, dry
mouth, nausea, and diarrhea. Regarding the drowitry of areas
involved in GAD, an MR study showed that limbic or Frontal
regions were adivated in patents with a high degree of hesita-
tion; the same areas wemre found to be deactivated when less
anxious individuals were exposed to anxiogenic situations ( Krain
et al, 2008). For instance, in a AMRI study, Monk et al demon-
strated a strong and negative coupling between right amygdala
and right ventmlateral prefrontal cortex (vIPRC) when subjects
weere asked to respond to angry faces (Monk et al, 2008). Simi-
larly, imvestigations of GAD hawve demonstrated actvation of
amygdala, cortex insular hilaterally, limbic and striatal areas,
suggesting an involvement on dopaminergic function in the
striatal and limbic circuits (Damsa et al, 20089; Pallanti and
Bernardi 20049

In line with the model for human anxiety proposed for Ressler
and Mayberg (2007 ), the application of 1 Hz-rTMS over PFC has
demonsirated bepefits in PTSD patients { Boggio et al., 2000; Cohen
et al, 2004). However, no controlled study (sham-rTMS) was per-
formed with GAD patients, which makes it impossible at the
moment to make statements about the possible effidency of TMS
against GAD. Bystrizsky et al. intended to identify in GAD patients
a critical area of activaton within the PFC that could be used to
target TMS treatment (Bystritsky et al, 2009). The authors
administered 6 sessions (2 days per week for 3 weeks)of r'TMS to 10
GAD patients, with 1 Hz-rTM5 administered at 90% MT for 15 min
(900 pulsesiday] ower the right DLPFC. The authors showed
a signifiant reduction in anxiety symptoms on both HAM-A, CGI-5,
HAM-D scales.

Investigations regarding the efficacy of rTMS in anxiety disor-
ders have been inclined to look at certain anxiety disorders, such as
OCD, PTSD and PD (George et al, 2009), and hawve failed to
adeguately address GAL. In fact, so far there have been no
randomized sham-controlled studies of rTMS in GAD patients. The
assessment of the efficacy of rTMS in other disorders is vital, since
GAD contributes significanty to the high rate of comaorbidity
between anxiety disorders and depression (Gorman, 1996).

6. Condusions

Up to date, there is yet no condusive evidence of the efficacy of
rTM5 asa treatment for anxiety disorders. While positive results have
frequently been eported in both open and randomized controlled
studies, several treatment pammeters, such as location, frequency,
intensity and dumtion, have been used unsystematically, making the
interpretation of the results difficult and providing litte guidance on
what treatment parameters (e, simulus location and frequency)
may be the most useful for treating anxiety disorders. Sham-
contralled research has often eported symptom improvement in
all participants, and has been unable to distinguish between response
to rTMS and sham-rTAMS treatment (Prasko et al, 2006, 2007;
Sachdevet al, 2007 ), indicating that any positive clinical efiect may
belargelyattributed to a placebo effect. Many of these guestions must
be answered before a proper clinical trial can be designed.

A possible explanation with mespedt to the efficacy of rTMS in
anxiety disorders treatment is limited by the focal nature of the
stimulation, with only the superficial cortical layers likely to be
directly affected. At present, using available TMS technology, it is
not possible to directly stimulate more distant cortical areas, such
as OFC, and also sub-cortical areas, such as amygdala hippocampus
and striatum, which amre maost likely to be relevant to the patho-
penesis of anxiety disorders (Ressler and Mayberg, 2007). Effects in
sub-cortical areas are thought to be indirect, via trans-synaptic
connedtions (George et al, 1996 In additon, the underlying
neurohiological disturbancein anxiety disorders may be too diffuse
to be easily targeted with TMS technology. Thus, we recommend
further studies to cearly determine the role of rTMS in the treat-
ment of anxiety disorders. Finally, we must remember that
however exdting the neurchiological mechanisms might be, the
dinical usefulness of rTMS will be determined by ther ability to
provide patents with anxiety disorders with safe, long-lasting and
substantial improvements in quality of life. Key advances in rTMS
and neuroimaging technology may guide and support this aim.
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Letter to the Editors

rTMS to treat social anxiety disorder: a case report

Diear Editor,

Social andety dizorder (SAD) i= one of the most commaon and
debilitating types of anxiety dizorders. Hevertheless, little at-
tention has been dedicated to the study of the neurcbiology
underlying 5AD0 until the last decade." Approximately 25% of
anxiety dizorder patients, inCluding 5A0 patients, are non-
responders to traditional methods of treatment. * Thus, advances
in our understanding of the neural basis invelved in SAD could
lead to new therapewtic options.” One such novel therapeutic
option is repetitive transcranial magnetic stimulation (rTM5), a
non-invasive procedurs whereby a pulsed magnetic field stimu-
lates electrical activity in the brain and depolarizes neuronz.*
We report a case of a 38 year old single male. The patient signed
a consent form and was aware of the experimental protocol
(approved by the Exhic: Committes at Universidade Federal do
Rio de Janeiro) before participation commenced.

The patient was: diagnosed with specific SAD (writing
in public), without comorbidities according to DSM-IV-TR.
The patient was treatment-resistant to a serotonin-specific
reuptake inhibitor (55R1) and cognitive behavior therapy
(CBT). A single session of rTMS was: administered at 1Hz
{inhibitory frequency) at 120% MT for 25 min (1,500 pulses)
over the right ventromedial prefrontal cortex {(vmPFC).
The vmPFC reprezents the most promizing target for rTMS
because this structure is consistently activated in SAD." The
right vmPFC iz located near the Fp2 position according to an
EEG-international 10720 electrode scalp positioning system.
Through this system, satisfactory activation of cortical areas
may be reached reliably on a larger zcale.!

Assezsments were carried out pre- and post-treatment
using the Beck Depression Inventory (BDI), Beck Anxiety
Irventory (BAlY and Social Skills Inventory (551). Pre-treatment
results were the following: B 18 (moderate), BAl 21 (mod-
erate). Post-treatment results were the following: BDI 19
{moderate), BAl 5 (minimal). At a 2-month follow-up, we ob-
tained the following results: BOM 13 {minimmal) and BAI 12 (mild)
(Figure 14). With respect to 551, there were changes in social

skill performance in 12 (B positives and 4 negatives) of 32 issues
betwesn the pre-treatment and the post-treatment perieds and
in 16 (10 positives and & negatives) of 32 issues betieen the
post-treatment and the follow-up pericds (Figure 1B).

5 5

m B
= BAl

Scores

Pre-tre ssent PoR-trestmisnt Fiobor -up

B 551 Post-treatment

B 55| Follow-up

Hegpathe responses

Fositive response s
B
Figure 1 Scores of Beck Depression Inventory (BDI), Beck Anxiaty
Inventory (Bal) and social skills inventory (551) related to rTMs ap-
plication. (4] Scores of BDI and Bal at pre- and post-treatment and
at follow-wp. (B) 5cores of positive and negative responses to 551 at
post-treatment and follow-wp.
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Discussion

Prior to the rTM5 session, the patient presented a moder-
ate level of anxiety, reporting for example, an inability o
relax, nervousness, and a fear of the worst happening (areas
most highly rated on BAl). One week after the rTMS session,
the patient showed large reduction in anxiety symptoms
compared to pre-treatment. With regard to social skills perfor-
mance, the patient shiowed a mild reduction post-treatment
comparad to pre-treatment. The patient reported a greater
likelihood to join conversations, to have a sense of humar,
and to offer help to peers (areas most highly rated on 551).
The:e findings suggest that 1Hz rTMS over the vnPFC (a brain
area responsible for emotional regulation)* promoted the
reinterpretation and reprocessing of events regarding
the patient’s anxiety level and social skills performance
in a more controlled and therapeutic manner. During the
two-month follow-up, the patient still presented low-level
anxiety and similar social skills performance compared to pre-
treatment with a slight increase compared to post-treatment.
However, without a placebo control, these assumptions are
merely speculative at this point.
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Abstract: Ojectives: Social anxiety disorder (SAD) is 3 common and debilitating anwiety disorders. However, few stud-
ies had been dedicated to the neurcbiclogy underlying SAD untl the last decade. Fatss of non-responders to standard
methods of Teatment remain unsatisfactonily high of approximately 25%, mchoding SAD. Advances in our nndersianding
of SAD could lead to new treatment sirategies. A potentis] non invasive therapeutic option is repetidve transcranis]l mag-
nefic stimulation (fTMS). Thus, we reporied two cases of SAD treated with rTMS Methods: The bibliographical search
wsed Pubmed Medline, I5] Web of Enowiedge and Scielo databrases. The terms chosen for the search werse: anxiety disor-
ders, neursimaging, repefitive ranscranial magnetic simulation. Reswits: In most of the smdies conducted on anvisty dis-
orders, except SAD, the richt prefrontal cortex (PFC), more specifically dorsalateral PFC was stimulated, with marked re-
stz when applying high-rTMS compared with smdiss stimulating the opposite side. However, according to the “valeace
hypothesis™, anxiety disorders might be charscterized by an interhemispheric imbalance associated with increased right-
hemizpheric activity. With regard to the two cases reated with rTMS, we found a decresse in BDL BAT and L5AS scores
from baseline to follow-ap. Conclusion: We hypothesize that the application of low-rTMS over the nght medial FFC
{mPFC; the main structare invelved in SAD circuitry) combinsd with high-rTMS over the left mPFC, for at least 4 weaks
on consecutive weskdays, may induce a balance in brain activity, opening an stiractive therapeutic option for the treat-

ment of SAD.

Keywords: Dorsolateral prefrontal cortex, medial prefrontal corfex, repetifive transcramal magnetic stimulation, social anxety

dizorders, valence hvpothezs.

INTRODUCTION

Somal anxiety disorder (SAD) 15 one of the most com-
mon anxiety disorders, charactenized by fear and avoidance
of social siwations [1]. SAD can be drvided mio fwo

* Address comespondsnce to this author at the Labomtory of Panic and Fes-
piration. Instrate of Psychiatry of Federal University of Bio de Jansio
((PUB/UFRT). Brazl; Tel: +5321-91367004; Fax: +5521-25111254;
E-mail: secmn®0iyahoo com by

17450179712

subtypes: specific and generalized SAD. Specific SAD refers
to the fear and avoidance of a parheular performance situa-
tion such as public speaking, while generalized SAD refers
to fear and avordance of 2 wide array of social simations,
with subsequently stronger mpawmg effects az compared to
specific SAD [1]. SAD 15 very deblitatmg and despife its
high prevalence [2, 3], little attention had been dedicated to
the study of the nenrobiclogy underlying SAD unfil the last
decade [4]. However, with the considerable increasze i the
oumber of studies mn the last years, aimmg fo elucidate the
phy=iopathological aspects of SAD [5.6], together with clim-

2013 Bentham Open
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Fiz_(1). The medial prefrontal cortex (mPFC). The left image shows the frontal pole of the rizht brain hemisphers, the yellow mark is the
external view of the risht mPFC while the right image chows an internal projection of the right mPFC, the main brain stuchire ralated to

social amwisty disorder

cal repoits, anmmal models, genetic [7], and newrcimaging
studies, a better comprehension of the newral cwewtry under-
bmg SAD has been achieved [8].

Anwiety dizorders have a hifehme prevalence of greater
than 20%, and although there are several methods of treat-
ment available (1.e, pharmacotherapy and cozmbive-
behavioral therapy), igh rates of non-responders to these
treatments are reported, namely, approxmately 25%, melud-
mg SAD [9, 10]). Thus, searching for pew alternative freat-
mients 15 essential. Advances in our understandmg of the neu-
roblological mechanisms mvolved in SAD could lead to new
therapeutic options. One such novel therapeutical option 1s
repefitrve franseramial magnetic stmulation (TS}, a non-
mvasive procedure whereby a pulsed magnetc field stmu-
lates electrical activity i the bramm and depolarizes neurons
[11]. r'TM5 can be considered a bramm-system-bazed neurs-
modulation treatment due fo 1ts ability of dvectly targeting
the newral eircwitry of several psycliatne and/or neurclogical
diserders [12]. rTIS shafts the perspective of treatment from
changmng the newochemistry withn the synapse; to altering
or medulating the function of the newral erewitry mn the brain
that 1= beheved to be disorganized m caze of certamm disor-

ders [9,10,12].

However, until today, there 15 no consensus about the
brain circuities wnderlymz SAD. Several studies have re-
ported the paricipation of amyvgdala, medial fronfal cortex,
msular cortex, and cingulate cortex [13,14]. However, a re-
cent svstemate review [1] stated that medial prefrontal cor-
tex (MFFC) 1= the stucture most consistently activated m all
studies on SAD (Fiz. 1) Hence, the mPFC represents a
promusing candidate region for being targeted with a non-
mvasrve bram stomulation techmque such as rTMS.

This review aims to provide mformation on the cwrent
research and mam fndmgs related fo bran cirenrmes in-
volved m SAD, rTMS protocols used for freating anxety
disorders, the rationale of 'TM5 on Social Phobia treatment
and two cases of SAD treated with rTMS. Thus, we hypothe-
size that the optumal rTMS regmme for freating SAD, based

on the “valence hypothesis”, 15 to use low-rTMS over the
nght mPFC.

METHODS

With thes m mind, we developed a strategy for searching
sudies in the mam data bases. The computer-supported
search wused the followmg databaszes: Scielo, Pub-
medMedline, IS] Web of Enowledge, Fryelnfo and Coch-
rane Library. The search terms Panic dizerder, Obseszsive-
Compulsive dizerder, Post-traumaric stress dizovder, Gener-
alized anxiery dizorder, Social anxiety dizorder wers uzed in
combmation with transerarial magretic stimulaton, TAMS,
repetitive ranscranial magnetic stmularion, rTMS, motor
threshold, motor evoked potential, MEP, cortical excitabil-
iry, newreimaging. In addition, all reports meluding reviews,
metaanalyses and controlled randemized clmical tnals and
open label trials, book chapters are also cited to provide
readers with more details and references than can be accom-
modated withm this paper. Diseussion has been forused
mamly on studies published m Enghzh and reported m the
past 12 vears but also included commonly referenced studies
relevant to the neurobiology of the diseazes and poszible
rationales for rTMS applicahion m Social Phobia.

BEAIN CIRCTITRIES INVOLVED IN
ANKIETY DISOEDER

SOCIAL

Meuroimaging techniques allow for an in vive assessment
of the functional architecture of the human bram, leading to
a better understanding of 1ts anatomical and functionzl state
[15]. Up to the last decade, hitle attenton had been dedicated
to neurchiological mechamisms underlymg SAD, however, 1t
has been demeonstrated that the dennfication and location of
abnormal bramm fimehoning depend on the type of anmety
dizorder [E].

Several newroimazmg stedies have demonstrated that
amygzdala and mPFC play a key rele in the attmbution of
emotion-related stmull m SADY [16-19]. Generally, these
findmgs suggest a deficit m top-down modulaton of execu-
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frve processes, such as assoclative, attentional and mterpreta-
trve control [20]. In theory, the abnormal functionmg of cir-
cuttries 1o SAD would result in mpamwed top-down modula-
fion, 1e., mparrment 1n the connectivity and cross-talk be-
tween amygdala and prefrontal brain areas. Prefrontal areas,
which are alse respomsible for imhubitory responses, could
lead to increased responsiveness of the amygdale [21].

Based on results from anmmal studies, Bishop [22] pro-
posed that a down regulation of amygdala cutput may be
brought about by two distinet process: 1) through an excita-
fion of gamma-aminobutyric acid (GABA) pathways within
the basolateral complex of the amygdala, or u) through an
excitztion of the nearby mtercalated cells via mPFC neurons.
In Line with this view, clmical and neurcimagmg results have
demonsirated that selective attention 15 associated with emo-
fiop-related stmul imvelved in dysfunctionazl prefrontal m-
libition, and with amygdala hyperactivity dunng the proc-
eszing of potentizlly threatening mformanon from the enwi-
ronment [23, 24].

There 1= also evidence of decreased actrvity in prefrontal
areas during ammety provecation mn patents with SAD,
probably reflecting mmpawred cogmirve processmg [23-28],
and imereased activity in prefromtal areas dunng proveked
anticipatory ancety [29, 30). There are two ratonales for
these apparent discrepancies: 1) functonal responses of the
mPFC are dependent on the nature of the cogmiftive-
emotonal task emploved [31] and n) the mPFC 15 subdi-
vided mto distinet neuwrcanatomical and functional areas
[32]. In a simular vemn, several studies have concretely pro-
pozed that the mPEFC can be functonally drvided imto two
different parts: 1) a ventral region, mamby related to self-
referennalrelevant processmg [33. 34] and n) a dorsal re-
gion, related to thecry of mind, such as contemplating about
other people’s mental states [35, 36]. The study of Blair e al.
[37] used functional magnetic resonance imagmg (fMEI) to
reveal that SAD patients had sigmficant responses to self-
referential crifersm o more dorszl regions of the cortex
These findings regarding mPFC subregions could be used as
a2 puide for mew mveshigattons mm SAD, usimg newroimamng
methods and specific cognitive fests. Amir e al. [38], eg.,
demonsirated an assoclation between anfternior cimgulated
cortex (ACC) (re., a part of the mPFC) and the negative
emotion In SAD pabents viewing disgusted facial expres-
sions. The dorsal ACC 15 thought to recrmt the dorsolateral
mPFC in order to select and implement regulatory strategies,
directing attenfion confrol, and reducing cogmitive conflicts
[39]. Therefore, mmparment of early recruitment of dorsal
ACC and dorselateral mPFC during cogmifive reassessment
could tngger emotion regulation problems m 5AD pahents
[40].

RETIAS PROTOCOLS USED FOR TREATING ANXI-
ETY DISORDERS

A few studies have been conducted m order to mvestigate
the therapeutic effects of rTMS on anxiety disorders, but not
on SAD (see Table 1). Even though positive effects have
been found in both, controlled and non-controlled studies,
there are stll no established protocols for rTMS treatment 1n
anxiety disorders. Perhaps the lack of standard rTMS freat-
ment may be due to the varying treatment parameters used in

42

Paeseral

theze studies, mzaking the interpretation of the results diffi-
cult [107.

The first evidence of a putatrve anxiolytic achon of rTMS
in bumans was based on the so called *“*valence-hypothesis™
[41]. which has been propesed for human anxiety. According
to this model, patients with anxiety disorders are character-
ized by an mterhemisphenic imbalance that might be associ-
ated with mereased nght-hemuspherie actvity [9, 10].

Fust empinical support for this model was reported by
two studies applying 1 Hz-rTMS over the nght prefrontal
cortex (FFC) [42, 43]. They demonstrated anxiolyfic effects
of slow-frequency rTMS over the nght mPFC after mducing
anxiogenie states m healthy mdividuals. In contrast, other
studies examined the hypothesis that not low- but high-
frequency-rTMS over the left dorsolateral prefrontal cortex
(DLFFC) 15 effective o the treatment of anxiety disorders
[44, 45], a rationale that 15 supported by the cerebral hvper-
excitability and the behavioral and cogmifive activation that
15 commonly observed m newropsychiatne disorders [46].
The actvity of fronto-subcortical circuits can arguably be
dinminished by mereasmg the achvity m the mdwect pathway
by stmulating the left DLPFC with igh-r TS [44, 457

Several controlled and non-controlled THIS studies m
anxiety dizorders have recently been reported, with the use
of etther low- and'or high-frequency rTMS apphed to erther
left and or right hemisphere, especially m PFC areas, such as
the DLPFC and orbitofrontal cortex (OFC). Intriguingly,
despite the fundamental differences m rTMMS frequencies that
were used and'or hemispheric lateralization that was tar-
geted, all of these smudies demonsirate promusing posifive
effects with regard to a TMS5-induced reduction of ammety
symptoms. Concretely, six studies explored actmve-rTMS
over the nght hemisphere, with fwe stmulatmg with high-
frequency rIMS [47, 48] and four with low-frequency rTHS
[49-32]. Three studies explored active-rTMS over the left
hem=zphere, with one stmulating with hgh-frequency rTHS
[53] and two with low-frequency rTMS [54, 55). In addition,
one smdy compared the low- and high-frequencies m the
right hemizphere [36] and another study did so for the left
hemmsphere [37]. Agam two studies apphed high-frequency
TS over both hemuspheres [38, 39]. However, only few
studies demonstrated statistically significant differences be-
tween actrve and sham treatment [47, 535, 58],

Henee, although positive results have frequently been re-
ported m both non-controlled and controlled studies, there 15
no conclusive evidence of the efficacy of rTMS for the
treatment of anmety disorders. Several, sometimes contradic-
tory, treatment parameters have been used im the different
studies, making the mterpretation of the results diffienlt
Mozt studies, therefore, do not support the notion that active-
rTMS, as hitherto applied, 15 an effective treatment for ob-
seszmve-compulsrve disorder (OCD) and postraumatc stress
dizorder (PTSD). In the literature on the therapeutic effects
of rTM5 1 depression, it 15 clearly suggested that 4 weeks
(ie., 20 sessioms) of rTMS adbunistered on consecutrve
weekdays are necessary for achieving consistent antidepres-
sant effects. In confrast, onky three TMS studies on anmmety
dizorders have assessed the effects of rTMS compared to
sham-rTMS over at least 4 weeks [49, 55, 60]. Moreover, m
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Table 1. Summary of Open and Controlled Stodies of rTMS and its Effects on Anziety Disorders

Sindy
- Diesign N rTMS Protocal Efficacy
OCD
i FFC-F 20Hz of 80% MT
Open study duction i 3 = ooy wi
Greeaberg e al. 1098 - 12 PFC-L 20Hz of 0% MT Feduction i OFD symptons quly wilk
1 session rizht-sided treatment.
Occipital 20Hz 802 MT
i Both groups showed a significant reduciion
hten ot 2001 Oper study N PFC-R. 108z of 110%MT in OCD symptoms.*
BV @Il S ssions (5 s = - . — .o .-
10 se:su}_; -f,:;gks:fr“ﬁ C-L 10Hz of 110°%: MT However, no significant difference was
T : oivted between groups.
BCT Slight reduction in OCD symptoms in
R DLPFC-E 1Hz af 110% MT rTM3 group *
Alonso ef al 2001 18 sessions (3 days per week 18 - o - )
for & weaks) Sham-1TMS However. no significant difference was
: oivted between groups.
Open study
Mamtovani ef al. 2006 | 10 sessions (5 days per week 10 SMA-bilaterally 1Hz of 100% MT Sigmificant reduction in OCD sympioms. *
for 2 wesks)
BCT Both proups showed a significant reduction
. . DLPFC-L 1Hz af 110% MT in areiery
Prazko of al. 2004 10 seszions (5 days per week 30 _ o )
for 3 wasks' Sham-1TMS However. no significant difference was
T iy found between Eroups.
BCT . I Mo sigrificant difference was found be-
Sachdev ot i, 3007 e 15 DLPFC-L 10Hz of 110% MT twe=n groups. However, after comparksen,
B 10 SE‘E"?_':";:' '_i“:” ;“““'E'* Cham-sTMS all subjects received rTMS showed a sig-
for 2 weeks) nificant reduction in OCD sympboms.
BCT DLFFC-E.1 Hzof 110% MT
. , : R Wa siznificant difference was found on
= ar 7 - - 5 S gl N r f “-q A N
Fang er g, 2000 10 sessions (5 days per week 20 SMA-bllarerally 1Hz of 100% MT both groups and berween Zroups
for 2 wesks) Sham1TMS
Siznificant reduction in (WD symploms m
o BCT OFC-L 18z of 50% MT faver of 1TMS compared o sham-rTHS5.
Fuffini er ai. 2009 15 seszions (5 days per week 3 Sham-rTMS Howewer, no significant reduction in anxi-
for 3 wesks) ) ety and depression symproms was found
etwesn ETOUPS.
RCT :: ) P o -
Mantovani er . 2000 | 20 ssssions 05 davs o ek 18 S¥A-blarerally 1Bz of 100% MT Significant reduction in OCD symptoms in
' s <N SesEMNL L) days Per we Sham-rTMS favor of 'TMS compared to sham-rTMS. *
for 4 weeks)
Significant reduction m OCD symptoms
. RCT 1 PECR. 10Hz of 110% MT and a s:gm.ﬁ:nntnrlplm'e_ufent in moed in
Sarkhel er ai. 2010 10 seszions {5 days per week 41 TME both groups.
for 2 wesks) T However, no significant difference was
ohserved befwesn Zroups
FTSD
Moter cartes—ELof 0.3 Hz of 1007%:
study MT i =mid Gt amd
Grisara et al 1803 Open e 10 ) Siznificant reduction i anxisty, and PTSD
1 session Moter corte-L of 0.3 Hz of Sympioms. *
100%: MT
Siznificant improvement of insommia,
_ o Orp=n study 1 DLPFC-L 1Hz of 00% MT bostlity and amery. Tt minmal 1::1
Rosenbergetal. 202 | 10 sessions (5 days per week 12 DLPECAL 5 He of00% MT provements in PTSD symptoms.
for 2 wesks) Bty " However, no significant diffsrent was noted

befwesn Froups.
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Table 1. contd. ..

Study
- Design N rTALS Protocal Efficacy
oCD
RCT DLEFC-E. 1Hz of 80%:MT Sign:fjm'r m“mﬂu of PTED symp-
. ) . foms and a significant reduction in general
Cobemetal 2004 | 10 sessioms (5 days perwask | 24 DLPFC-R 10z of BUPMT amiety levels in frvor of 10Ez-rTMS
for 2 weeks) Sham-1TM% groap when compared to ether Zroups *
RCT DLPEC-L 20Hz of 80%MT Significant reduction in PTSD symptoms.
Boggioer al. 2010 10 sassions {5 days per week 30 DLPFC-F 20Hz of 307:MT anxisty and improvemsnt of mood in faver
for 2 weeks) Cham-rTMS of [TMS compared to sham-rTHWS *
RCT Both groups showed a significant reduction
R _ DLPFC-E 1Hz of 110%: MT in amxiety symiptoms *
Prasko ot al. 2007 10 szzsions (5 days per week 15 . .
for 1 wesks) Sham-1Th5% However, no significant difference was
! found betwesn groups for POV sympioms.
Open study - e fn i
Bystrisky et al. 2008 | 6 sessions (2 days perwesk | 10 DLPFC-R. 1Hz of 90% MT ignificant ;E;'fm ARTRTY Sy
for 3 weeks) )

*Sigmnificant lovel at = 0.03

DLPFC: dorso lateral prafronnal cortex; L: lefi; GAD: genaralized axxricty discrder, MT: motor thresheld; OCD: clvassive compelsive diserder; PD: panic discrder; PTED: postoam-
matic wiress divondar; F- right, RCT: randoosxized clmical tial: rTMS: repetitive Tramscramial magmetic stiamlation; SMA: supplementary modor area.

one of these smdies, rTMS was only given frre-times per
week by Buffim ef al. [5353]. Two other studies may have
been underpowered, suggesting that resultz could be atinb-
uted to a type II amor [49, 54], and probably due to the low
placebo response reported in patients. In line with this no-
tion, Sachdev and colleagues [53] mferred that, given the
effect size in theilr study, a very large sample would have
been required to demonstrate a significant group difference.

Sham-controlled research has often been unable to dis-
tinguish between response to rTMS and sham freatment.
Withm this context, all sham-controlled studies used meth-
ods that are recogmized to provide adeguate blinding (Le.,
active coul, 45 or 90° to the head or inactive coul on the head
with active coil discharped in | m-distance) [47-49, 51, 532,
54-56, 59]. However, only 4 studies showed sigmficant duf-
ferences betwreen r'TMS and sham treatment [47, 55, 56, 60].

Moreover, only four studies controlled for antidepressant
effects [47, 48, 54, 53], This 15 important, since application
of rTMS to the PFC can have antidepressant effects [61,62]
and since comorbid depression 15 common 1n patents with
anxiety disorders [63]. As such, it 15 very difficult to assess
the effects of rTIS on anwisty dizorders mdependent of de-
pression.

Finally, there 1= a limitation in the rTMS techmque itself
which 1mpacts only the superficial cortical lavers dmectly. It
15 possible to also affect more distant corfical areas and also
subcortical areas, relevant to the pathogenesis of amaety
disorders, though such effects i subcortical areas are
thought to be indirect, via trans-synaphe connections [9, 10,
44, 641

With regard to theoretical concepmualizatons, the re-
ported effects of rTMS over nght PFFC for reducimg anxety

svmptoms are possibly brought about by re-establishing the
connectrvity between an underactive PFC, which 15 theorized
to mediate amygdala actmty and amygdala hyvperachinty, by
mmereazmng PFC activity, suggesting that high-rTAMS puight be
an optimal treatment strategy. Altermatively, these results
could be associated with mereased activation of the hypotha-
lamie-primitary-adrenal (HPA) axis, suggesting an assocla-
ton between night prEfm]:Lt:ll and HPA axns ]:I.‘i"pl:l-a‘{:"l'ﬂ.-‘lt_'r
Grrven the effects of rTMS 1 depression, stimmlation m the
right PFC with high frequency would then theorencally
worsen depressive symptoms that are generallv comorbid,
smee hyperactivity of the HPA axis 15 commeonly mmpheated
in the pathogenesis of depression [63].

The findings of anhdepressant effects of rTMS applica-
tion over the left hemisphere with are to be expected due to
comorbidity with depression often observed m patients with
anxiety dizorders. However, the findmngs regarding the ef-
fects of rTMMS apphecation over these areas do not support the
hypothesis that the activity of fronto-subcortical cweuits can
be dummizhed by mereasimg the actvity m the mdirect path-
way by shmulating areas of the left hemisphere, mamly the
DLFFC, by hagh-rTMS5 [44, 45].

ETAMS AND SOCIAL FHOBIA: WHAT IS THE EA-
TIONALE?

While the mam focus of the possible therapeutic effects
of TMS has been mamly 1 the domamn of depression, there
are pow 2 sigmficant number of studies that have explored
the possibility of uzing rTMS for treating anxiety disorders.
In most of these studies, both, non-confrelled and controlled,
m which the nght PFC, more spectfically the DLPFC was
stimmulated, conflicting results were found m comparison
with the studies that investigated the effects of rTMS in the
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Fig_ (2). (A, B) 5cores of BDL BAT and L5AS related to rTAS oeamment for SAD patienis.

left OFC, PFC and DLPFC. However, onlv two controlled
studies demonstrated positive effects, more specifically with
high-rTHS application, supporting the 1dea that modulatng
the nght PFC or DLPFC with kugh-rTMS might be an oph-
mal freaftment strategy, due to the possibility of re-
establishing the comnectivity between an underactve FFC,
which 15 theornzed to mediate amygdala actwvity and
amyzdala hyperactivity, by increasing FFC activity [47, 56].

However, this rationale contradicts the valence hypothe-
sis. According to this hypothesis, amxiety disorders are char-
acterized by an mterhemispheric mmbalance, with mereased
nght-hemisphene actvity [41, 86]. Thus, would be rTHS 2
future treatment for social phobia?

With regard to Secial Phobia, at the moment, there 1s
only one case report published [67]. In this case report, we
found that one session of 1HzasTMS over the nght ven-
tomedial prefrontal cortex (vmPFC) for 25 mun (1500
pulses) mproved moderately the anxety levels and maldly
the social skills abilihes and that these effects remained after
two-months follow-up.

In lme with this, we conducted 2 new case reports. The
patients A and B were diagmosed with generalized SAD,
with comerbidity depression according to DSM-IV-TE. The
patient A (23 vears old) had 60 mg per day of fluxetine and
2.5 mg per day of clopazepam durnng two months, was

treatment-resistant to cognitrve behavior therapy (CBT). The
patient B (45 years old) was treatment-resistant to serctonm-
specific renptake mhibitor (SSEI) and CBT. The treatment
protocol of rTMS was adoomistered at 1Hz (mbabitory fre-
quency) 120% MT for 25 mm (1300 pulses), 3 funes per
week durmg 4 weeks over the nght vmPFC, stucture most
consistently activated on SAD [1), representing promising
targeted region for rTMS application. Faght vmPFC 15 lo-
cated near to Fp? po=mition acecording to EEG-mmternational
10720 electrode scalp positioning system. Through this svs-
tem, safisfactory achrvation of cortex areas may be reach re-
hizbly on a larger scale level [68]. Pahents were assessed in
baselme, 2 wesks, 4 weeks and after 2 weeks follow-up us-
g the Beck Depression Invemtory (BDI), Beck Anxiery In-
ventory (BAT) and Liebowitz social anxiety seals (LSAS).

In the first case, Le. pattent A (male), we found in base-
hne the followmg results: BDI 20 (moderate]. BAI 15
(minymal) and LSAS 96 (very severe). After two weeks of
treatment, we noted the followmg results: BDI 10 {mimmal),
BAT 12 (punimal) and LSAS 71 (moderate). At the end of
treatment, we venfied the followmg results: BDI 10 {mim-
mal), BAI & (mmimal} and LSAS 64 (moderate). On two
weeks follow-up, we obtained the following results: BDI 12
(minimal), BAT § {mmimal) and LSAS 62 (moderate) (Fig.
IA)
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Before rTMS treatment, patient presented wvery severe
level of social anxiety, observed in LSAS, reporting for ex-
ample, meeting strangers, entenng a room when others are
already seated (areas most highly rated on LSAS; assessment
point level 3). Two and four weeks after rTMS treatment and
after 2 weeks follow-up, panent showed large reduchion n
soctal anmety svmptoms (areas most hghly rated on LSAS;
assessment point level 1- mmimal) compared to baseline.
With regard to BAIL patient presented severe level of anxiety
m baselme, reporting for example, unable to relax, heart
pounding’racing (areas most highly rated on BAL assess-
ment point level 2). Two and four weeks after rTMS treat-
ment and after 2 weeks follow-up, patent showed larze re-
duchion m anmety symptoms (areas most highly rated on
BAI assessment pomt level 1- oumimal) compared to base-
lime. At last, we observed m BDI that patient had moderate
depressive symptoms in baseline, reporting for mstance, I
feel the future 15 hopeless and that things cannot mmprove, 1
feel I am bemg pumished (areas most lighly rated on BDI;
assessment point level 3). Two and four weeks after rTMS
treatment and after 2 weeks follow-up, patient showed large
reduction m depressive symptoms (areas most ughhy rated
on BDI; asseszsment pomt level 0 - no depression) compared
to baselne.

In the second case, 1.e. patient B (female), we found mn
baseline the following results: BDI 27 (moderate), BAI 32
(severe) and LSAS 111 (vary severe). After two weeks of
treatment, we obtamed the following results: BDI 11 {mom-
mal}), BAT 6 (minimal) and L3AS 74 ({moderate). At the end
of treatment, we noted the followmg results: BDI 9 (mini-
mal), BAI 5 {pumimal) and LSAS 89 (moderate). On two
weeks follow-up, we venified the following results: BDI 5
(mimimal), BAT 1 (mmimal) and LSAS 54 (moderate) (Fig
IB).

Before rTAS freatment, pahent presented wery severe
level of social anxiety, observed in LSAS, reporting for ex-
ample, working while bemg obzerved, expressmg a dis-
agresment or disapproval to people you don't know wvery
well (areas most highly rated on LSAS; azsessment pomnt
level 3). Two and four weeks after rTMS treatment and after
2 weeks follow-up, patient showed large reduction m social
anxiety symptoms (areas most highly rated on LSAS; as-
sessment point level 1- mmimal) compared to baseline. With
regard to BAI patent presented severe level of amxiety in
baseline, reporting for example, nervous, scared and sweat-
mg (areas most hghly rated on BAT; asseszment poimnt level
3). Two and four weeks after rTMS treatment and after 2
weeks follow-up, patient showed large reduction in anxiety
symptoms (areas most highly rated on BAL; assessment point
level 0 - no anxiety) compared to baseline. At last, we ob-
served in BDI that patient had moderate depressmve symp-
toms m baselns, reporting for mmstance, I feel I am bemng
punizhed, I have mo appente at all anvmore (areas most
highly rated on BDI; assessment point level 3). Two and four
weeks after rTMS treatment and after 2 weeks follow-up,
patient showed large reduction in depressive symptoms (ar-
eas most highly rated on BDI; assessment point level 0- no
depression) compared to baseline.

We suggest that 1Hz rTMS over vimPFC (responsible for
emotional regulation) [69], promoted neuromodulation
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treatment due to ifs focus on duectly targeting the neural
circuitry of the dizorders. rTMS holds the potential to zelec-
tvely modulate bramm cwremitries mvelved mm pathological
processes and shafts the perspective of treatment from chang-
ing the newrcchemistry withm the synapse, to altering or
modulating the funchion of the neural circwmty n the bram
that 15 believed to be disorganized in certam dizorders [9,10].
Thus, it seems that the low-rTMS treatment improved the
anxiety and depression levels and social skills performance
in a more confrolling and therapeutic manner. Despite our
positve findings, without a placebo confrol, at this pomnt
these assumptions are merely speculative.

However, after an extensrve analysis regardmmg the find-
mgs of rTMS for anmety disorders [9.10] and based on the
shghtly observation related to the cases, we now bypothesize
that a potential rTMS regime for treating SAD, would be uze
low-1TMS over the nght mPFC and high-rTMS over the left
mPFC, which would proveke an transeallosal simulation of
the nght mPFC, m order to induce a balance in brain activ-
itv. The latter type of stomlanon, 1.8, high-rTAMS, was used
as an addittonal strategy to potenfiate the effects of low-
rTMS5. In additron, the considerations regarding the protocols
of depression according to which rTMS should be adoumis-
tered for at least 4 weeks on consecutrve weekdavs (1e., 20
sessions) must be taken into account for achieving consistent
therapeutic effects. Momeover, an effective control for anti-
depressant effects should be emploved in such studies. This
hypothesis raises the excitng possibility that a balanced
TMS approach may be frmtful as a potental therapy for
SAD.

CONCLUSION

Here, we firstly hypothesized that the apphication of low-
rTMS5 over the nght medial PFC (mPFC; the main structure
mveoled m SAD circwiry) was a potential therapeutic option
for SAD. However, after an extensive analysis regarding the
findmgs of rTMS for amaety disorders [9,10] and bazed on
our findings, we now hypothesize that the application of
low-rTMS over the nght medial PFC (mPFC; the mam stue-
ture mvolved 1n SAD circuitry) combined with hogh-rTHS
over the left mPFC, for at least 4 weeks on consecutrve
weekdays, may mduce a balance o brain actvity, opening an
attractive therapeutic option for the freatment of SAD.
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ABBREVIATIONS
ACC =
BAI

anteror cingulated cortex

Beck Anmety Inventory
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EDI = Beck Depression Inventory

CEBT = cogmtive behavior therapy

DLPFC = dorselateral prefrontal cortex

PRI = funchonzl magmetic resonance MMagng

GABA = gamma-ammobutyric acd

HPA = hypothalamic-prtartary-adrenal

L3AS = Liebowitz Social Anxiety Scale

mPFC = medial prefrontal cortex

OCD = obsessive-compulsive disorder

OFC = orbitofrontal cortex

PFC = prefrontal cortex

PTED = postiraumatic stress dizorder

rTMS = repetifive franscramal magnetic stimulation

SAD = socal anxiety disorder

S5RI = serotonin-specific reuptake mhibator

vmPFC = ventromedial prefrontal cortex
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Concluséo

Conforme os achados dos artigos 1, 2 e 4, a EMTr é um método néo-invasivo
relativamente novo e com bom potencial terapéutico para transtornos de ansiedade (Paes et
al., 2011; Machado et al., 2012; Paes et al., 2013b). Nesta tese, os estudos 1, 2 e 4 citam de
forma aprofundada os resultados da EMTr para transtorno de ansiedade generalizada,
transtorno obsessivo-compulsivo, transtorno do panico, e transtorno de estresse pos-
traumatico, mostrando que a EMTr pode melhorar alguns dos sintomas associados a esses
transtornos (Cohen et al., 2004; Ruffini et al., 2009; Boggio et al., 2010). Além disso,
mostram a auséncia de estudos de EMTr envolvendo a TAS.

Nos estudos 1 e 2 (Paes et al., 2011; Machado et al., 2012), é abordada a importancia
do uso da EMTr em modelos animais para o entendimento de como ela age sobre o tecido
cerebral e as supostas alteraces neurobioldgicas subjacentes aos efeitos clinicos observados.
Além disso, estudos de ciéncia basica em nivel celular e molecular mostram-se necessarios a
fim de melhor compreender a regulacdo da densidade de corrente intracerebral induzida,
desvendando quais elementos envolvidos na regulacdo poderiam servir como potenciais alvos
de tratamento (Arias-Carridn, 2008; Platz and Rothwell, 2010).

@) estudo 2 discute sobre 0 risco genético para
algumas doencas e que estas poderiam influenciar a resposta dos individuos
a EMTr (Machado et al., 2012). Pouco se sabe sobre essa questdo. Por exemplo, os estudos de
Cheeran et al. (2008) e Klein et al. (2006) mostram influéncia de variantes genéticas na
resposta a EMTr. Portanto, um conhecimento profundo sobre variantes genéticas faz-se
necessario para prever se 0s pacientes responderiam ou ndao a EMTr.,

Esta tese é pioneira no estudo da EMTr para o tratamento da TAS. O artigo 3 foi 0
primeiro caso de EMTr aplicado ao TAS a ser realizado e publicado no mundo (Paes et al.,

2013a). Com a publicacdo subsequente do artigo 4, foi realizada uma revisdo aprofundada
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sobre o funcionamento cerebral de pacientes com TAS, o racional de tratamento com EMTr
para 0 TAS e dois casos de TAS tratados com EMTr (Paes et al., 2013b). Ambos 0s casos
sugerem que a EMTr tem bom potencial terapéutico para 0 TAS, embora os resultados sejam
muito preliminares.

A EMTr promove modificagbes na plasticidade cortical, no entanto,
estas alteracOes sdo transitorias e € prematuro propor estas aplicagbes como uma opcao
terapéutica isolada, muito embora a EMTr seja observada como um potencial
modulador de neuroplasticidade (Machado et al., 2012; Paes et al., 2013b). Apesar dos
resultados positivos observados nos estudos randomizados controlados com outros transtornos
de ansiedade (Cohen et al., 2004; Ruffini et al., 2009; Boggio et al., 2010) e nos casos de TAS
(Paes et al., 2011; Paes et al., 2013b), varios parametros de tratamento, tais como localizacéo,
frequéncia, intensidade e duracdo tém sido utilizados de forma assistematica. Assim, a
interpretacdo dos resultados € dificil e pouca orientacdo é fornecida a respeito de quais
parametros de tratamento (isto €, a localizacéo de estimulo e frequéncia) podem ser Uteis para
o tratamento (Paes et al., 2011). Um ponto de extrema importancia a ser levantado € a falta do
uso de exames de neuroimagem funcional nos estudos, que seriam ferramentas fundamentais
para mostrar as alteraces ocorridas nos circuitos cerebrais causadas pela EMT (Machado et
al., 2012). Além disso, com base ndo somente na teria de Heller et al. (1997), nos estudos de
transtornos de ansiedade (Cohen et al., 2004; Ruffini et al., 2009; Boggio et al., 2010) e nos
achados relacionados aos trés casos, foi elaborada a hipdtese de que um protocolo ideal para o
tratamento do TAS seria 0 uso
de EMTr de baixa frequéncia sobre o CPFVM direito e de EMTr de alta frequéncia sobre o
CPFVM esquerdo, 0 que provocaria um estimulacdo transcalosa do CPFVM direito, a fim de
induzir um equilibrio na atividade cerebral. A EMTr de alta frequéncia seria utilizada como

uma estratégia adicional para potencializar os efeitos de EMTr de baixa frequéncia. A ideia
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por tras dessa estratégia € o de um reforco no circuito do CPFVM. Com relagdo aos
protocolos da depressdo ja bem estabelecidos na literatura, a EMTr deve ser administrada
durante 5 dias consecutivos na semana, durante 4 semanas (ou seja, 20 sessdes), para que
possam ser alcancados os efeitos terapéuticos (Lefaucheur et al., 2014; Lefaucheur et al.,
2011).

Dessa forma, recomenda-se que novos estudos sejam conduzidos utlizando o
protocolo hipotetizado no estudo 4 a fim de verificar a eficacia da EMTr no tratamento do
TAS. Vale lembrar que, por mais que sejam relevantes 0os mecanismos neurobiologicos, a
utilidade clinica da EMTT sera determinada pela sua capacidade de oferecer aos pacientes com

TAS seguranca e melhorias substanciais na qualidade de vida em longo prazo.
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