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1. SOUHRN

Tato habilitaln2 pr8ce je souborem |[trn8cti
t S2 | §st2. Prvn2 | §stppBbtemaviukeustraha®r ac
stimulace| er pan® @ dbroercne@t htXer a&tys v ydip, eatamejrye j 2 pt
mechani smus pTsoben?z, I ndi kace, kontraindi ke
jej2 vyugit2 ve vizkumu kortik8ln2 inhibice

pak zej m®nat gregpi ipotulficichtdmucsikd vou dugevn?

Druhg8 | 8st habilitaln2 pr8ce se skl &§d§ ze |
transkrani 81 n?2 magneti ck® stimul ace vV e vi z
depresi v,m?2 pberdieorlyjgy m u schi zpfg8eei eamBfebyf i
efekt psychofarmak (antipsychoti k) a elektro
u pacientT seibobhnzobtedii. bYlo zjigtDhDno, (
sprvn2 epizodou schuzafzvenikeorpn k&l md gitti cd®| |
zmar ker T korti k8l nm2eut othi dnsmi sépjmedi ovanou
ami nom8sel nou, konkr®tnhD | ej 2 mi receptory t ¢
souboru prcmZenédi Bodoiue spho zoi speridon (jeho
met abolitem). RovnhDg tak® elektrokonvul zivn:
ve®spgr &kdl ougen?z d®I ky,ak ar2tm ko&lln2v ntiitc le®2medniooud |

TSet 2 | 852 fhra®déd i dead et k| SkdoBmemt ovanl ch publ i
zablTvaj2 | ® bou depresivn2 poruchy pomoc?2 r
pSilemgnidclmhprezentuje randomi zovanou kontr
met odamom8ot er apii obdobnl terapeutickl poten
Dal g?2 pr8ce prezentuje randomizovanou, shanm
studi . potvrzuj2c?2, ge vysokofrekvenl n2 repe

zm2rnit z8vadgnost negaN§svinedphp SpaS22z nl atkv® tt s§c hpirz
| §sti, navazuje na pSedchoz?2 a d2ky vhRtg2mu
osvihDtl kjiteae?® negativn?2 pS2znaky nDalyi z P&t &n ipe
| 8sti rezerduie o pNt randomi zovanou, shamovou St
popi suj 2c? pozitivn? ef ekt repetitivn? tran
vykouSenTch cigaret u patc§ ept §ces epospgihs wjod retn
nepodaSilo prok§8zat, ge by stimulace mohl a



pracovn2 pamPRS) u pacientT se schizofreni?2 |
studie popisuje snahu ovivni b sedant n kompul zi vn?2 poruchu
poruchu pomoc? n2 z kwpf S2epkavdelh | che p rsetsiimuni2acgor uc
YusphNgmS2pawd N obsedantnhD kompul zivn? poruchy
vz8cn® neg(g8dnosukcrza n¥l8il nnkky ntarigaheep ri ecskad®g esnt ni 2mud faecket
sezen? vysokofrekven]| n?2 stimul ace prav®ho
dosphDl ®ho pprecleottapszornosti/ hyperaktivn? p
vanamn®ze as diBilzofrredmipes (konkr ®t nhD n8vrat po
inici8ln2m sezen? vysokofrekven|n2 stimul ace
pro negativn?2 p S2pgsoja knyo.v aR o svined ns2t i pmu8cad nP  p al
pad enty s e spchei t zrovf Srpeanyi P2t PpeSie2zmiia lkeyy m®n a sl ucho

halucinacemi) s ou| aasnRegati vnz2mi pS2znaky nazvanl

stimulace.



2. SUMMARY

This habilitation thesis is a set of fourteen comredrarticles. It consists of three parts. The
first part briefly introduces transcranial magnetic stimulatisrdescribed in recent scientific
literaturerl its principle, parameters, mechanism of action, indications, contraindications, and
adverse effectdts use for research purposes, especially in research of cortical inhibition and
excitability in depressive disorder and schizophrenia, and its use for treatment purposes of

these two disorders is described in more details.

The second part consists fifur commented articles describing the use of transcranial
magnetic stimulation in research of cortical inhibition and excitability in depressive disorder
and especially in schizophrenia. These articles focused on the effect of psychopharmacs
(antipsychotts) and electroconvulsive therapy on the change of cortical inhibition in patients
with schizophrenia. The pilot study confirmed the potential of paliperidone to prolongate the
duration of cortical silent period, one of the markers of cortical inhibitiediated by
gammaaminobutyric acid, namely it8 receptors in a patient with firsepisode of
schizophreniaThis conclusion was later repeatedaimore representatisample of patients
with first episode of schizophrenia treated with risperidone (paliperidone is its active
metabolite). Electroconvulsive therapy in a stabilized patient had a similar éffdut

prolongation of cortical silent perichd the change difie neurotransmission

The third part of this habilitation thesis consists of ten commented articles. The first two
articles concern the treatment of depressive disorder using repetitive transcranial magnetic
stimulation, while the second one preseatrandomized controlledrial, which confirms a
comparabldreatmentpotential of magnetic stimulation as a monotherajith the potential
of commonly used antidepressamsother article presents a randomised, sham (placebo)
controlled trial confirming tht high frequency repetitive transcranial magnetic stimulation
can improve negative symptoms of schizophreAiother article, the forth article in this
part, followsin the previous one and because of a higher number of patients it enables an
analysis ofparticular negative symptoms improved by magnetic stimulation. The fifth article
of this part describes another randomized, sham controlled study confirming a positive effect
of repetitive transcranial magnetic stimulation on the reduction of cigaretieked by
patients with schizophrenia. On the contrary, the sixth article describes a study, which failed
to prove positive effect ahe stimulation on cognitive deficit (namely working memory) in



patients with schizophrenia and on neuronal activation.sewenth article describes a pilot
study of the use of low frequency repetitive transcranial magnetic stimulation in the treatment
of obssesiveompulsive disorder and comorbid depressive disordére stimulation was
succeasful in the treatment of deprgsge disorder, but not in the treatment of cse
compulsive disorder. The next two articles present rare adverse effects of transcranial
magnetic stimulationi induction of depression after one session of high frequency
stimulation of the right dorsdleral prefrontal cortex in an adult patient with attention
deficit/hyperactivity disorder and depressive disorder in his medical history and a relapse of
schizophrenia (namely the return of positive symptoms) in a patient after initial session of
high freqiency stimulation of the left dorsolateral prefrontal cortex treat negative
symptoms of schizophrenia. The last article introdace&n nnovative stimulation
paradigm/protocol for patients with schizophrenia with positive (especially auditory

hallucinatbns) and negative symptoms called sequential frontotemporal stimulation.



3. HDVOD

Tato habilitaln2 pr8ce popisuje vyugit?2 tre
terapi.i depresivn2 poruchy a psrcvmiz?2z o f¥%4veondinez. |.
strulnhD shrnuta charakteri stsitkanud agei ngiep 21t 1
mechani smus pTsoben?, I ndi kace, kontraindi ki
vyugit2 ve vizkumu depresivn?2 povewdtlzyk uamusch
korti k8l n2 inhibice a echpoiruch fpiolsiltexdna 1§ Beshi o
pasg8ge j e rozebr 8no vyugi t? repet tetapiiv n 2 t

depresivn?2 poruchy a schizofrenie.

J8drem habilitaln? pr8ce jsou dal g2 dvD | 8s
Prvin2ySi se tlTkaj?2 wugit2 transkrani 8l n2 magn
a excitability uzedep®nas cvankZ odproe rnuicen.y Rr v n?2 p
dosavadn?2 tpRotzonabhkiy aszt i, dr uh 8§ popi sluy e pil

antipsychoti ka paliperidonpr na? keghizaréndg ¢ un 2 i
t Set?2 pr&§ce pak pSedstavujpr snadesphizarend ot g2
zkoumaj 2c? ef ekt antipsychotinak®& omediklgdmeé (
posl|l pd®@ e®t 0 skupiny zaznamen8v§ efekt udr go
korti k8l n2 inhibici

TSet 2, nejrozs§ghldejse2 i | sotmenst ev arkilcg8hd § p wzb | i
poznatky o] vyugsk®?anmie§plen2i t maghA ettiaqg@ak ® gteipme
poruchy, dr uhs§g pak prezentuj e randomi zovan
transkrani 81 n?2 magnet i c k@& 9tDi nduel par ceed i@ ablkoou pra o
antidepresivyangSepubl ikloaneewtpopi suje randomi z
kontrolovanou studii,mw 2 g byl zkoum8n efekt repetitivn?
vl ® bND negativn2ch pS2znakT schizofrenie. Lt
pol om zaSazenlTch pacienpPessreljgeédaaSndlol zul i
negativn2ch pS2znakT, kter® repetitivn?2 tran
P8t 8 komentovan8  r@maumidloimi zoe amoeaz e sthajmovou st
studi i, kter8 zkoumala mognost vyugit?2 rep
kredukci poltu vykouSenich <cigaret u pacieni
repetitivn? transkrani 8l n2 magnet iaktko®at st i mu

1C



neurongln2 s2tnD mNRSitelnl zobrazovac?2mi met o
zkoumaj 2c? Yol T nnost repetiti vnt?2er t@ampams Kkorbasnei ds
kompul zi vnXomponrhicdhry? sdepresi vnr2§ceorpmakopopil
neg8douc?2 ¥ inky transKpaumm8ich2 drepgreastoigel® 2 s
vysokofrekven]| n?2 stimulace prav®ho dorsol at
pacienta poruchou pozornosti/hyperkinetickou poruchou ankor bi dn2 depr esi vn:
vanamn®ze, dr uhs§g rozvoj pozitivn?2ch pS2zn:
vysokofrekvehken®het dmukatater 8l npho mpegdt iown
pS2znaky. Posledn?2 Kkomentsotvianmu§l aplrn§c ep aprraedzi egnn

pacientovip oz i t i vn?2 mi [ negati vn?2mi pS2znaky schi

VpS2loze | e pak monegeaflieSchazophkenigp Treamnkeria The New
Facets kter8 shrnuje recentn? poznaimilace w Vvyuc¢

schizofrenie.

Jednotliv® publikace ve druh® a tSet?2 | §sti
neg desetitlemouzaabdSecayyvadi t 2 transkrani 8l n?2
vpsychiatrii. Pokud bykByhyyShayeny votpnmom®dloo @
t T mu, kterT Dbyl ag do rokup2h4 ypauke2OKmrof e:
jsembylvpoSad?2 | tvrsempakt ¢ e@mle izavipsackiopslail m§ run 2

na p roguc2D12 iz kapilly 6.3a6.6). Mbdob2 | et 2008daghbmil4
autorem(viz kapitoly 5.2, 5.4, 6.4,6.5,6.9a6) 0 j ako prvn2z autor |jsem
pSev § gy hk (yarkapitoly 6 . 1, 6.7 a 6.8), od roku 20¢
profesora® Si kryl a pSevzal veden?2 tTmu a publikova
5.1, 6.2, KRl ze kapedloadBe wi a pSed@pitgee58 pr §ce
kter§8 je mou nejviznamnhj g2 drasmgririsier,s Bjba g P
me z i 25 % neajswypwd ¢gs2Tm si mabare gsyctiialrie t or em v

11



4. DVOD DO PROBILRAAMNSIKIRKANI CL N¢
MAGNETI CKE STI MULACE

41Charakteristika a princip transkrani

Transkrani 8l n2 magnetick8 stimulace (TMS)

neuromodul aln2) metoda, kter8 je zalogena n
vyj 8dSen tzv. Faradayovim z8konem el pk§r oma
vroce 1831. DI e otkooh *t oprz @& mpa prd vkly§ IvasovD
el ektrickl proud, vyt vgs? rovnnig promNDnn®
indukovat sekund8&8rn2 elektrickIl prheavighove vge
dosahu. T2mto vodivim prostSed2m mTge blt i

sekund8&8rn2 elektriclklropdaudrom&lrm®ma < mMArsk al
TMS je schopna modul ovat akt i \beztanestene zbezu b e z

vyvol 8n2 epileptick®ho par oxys mieofeROIE)s i et a

Pr vn?2 pnoeki unsvya zg v n 2 a fok8l n?2 stimul ac? ner\
pSel omu 19. B®200bRBtoeoeetDDAr ¥arkwalThao mpebdDjp
sestrojit zaS2zen?, kter8 vgak nebyl a schop!
intenzith, aby mo hl a ovliivnit korti k8l n?2 n
Dokg§8zala vgak vyvol at tevkl ifroisd ®&mu  \PB& Git tr 2

S

0

sestrojit ag takSka adoceslf8s Anthenymu Barke\d p jeho k o n |
spolupracovn?zKkTm. Ti sestrojildi vysokovolt 8¢
pole o takov® i nteonzairtil,ovikatterk® rdd k&2 anl?20 nccap
sval T ruky. Toto zaS2zen? sekorkd&nadtoorzeem sa
schopn® vytvoSit dostatelnh silnl proud ve
principu |jsoauwslnabbieppufp2van® pS2stroje (Bar
Bareg in Bareg, KaRovskIl, Dufek et al., 200

k ou pShlag®nopackent a el ektricklT proud,
ktromagnetd ck®v 2 ez lor udb®l c100 ag 300 ms

c2v
e

El ektromagneti ck® pol e prochg§8z?2 mbzkuzndukwgep or u r
n
n

el

vzni k sekundS8r nkchw pT ki ?rd2cd®riadmskhydepalarizaca c i

bunhN|l nTch Sreenbyru§re,c2ch tento externhN indukov:

12



transmembr 8nov®ho naphRt2 a ke zmhDn&m iontov]
TMS dochlk®au¥disk ® aktiwmacaboneéwrkdm], hlkemodyn
behavior§8§ln2mcempaS§myvakénaapSed&wgamkBhanaodh
nebo kortikosping8ln2zch vlI8ken nebo na nervov
PS2mo je tedy mhRnNna funkce ndumaxn gldlthe B® cH
c2vky. NepSémocegh&u transsynapti ck®ho spoj «
(Post et Keck, 200 1;Lefakachgueectad,RR0)J¢4t Bareg, 20014

42Parametry transkrani 8l n2 magnetick®

Podle poltu aplikovanTch pulsT se TMS dnl 2
1) jednopulsovou (singlpul se), kdy jsou pulsy aplikov§8n

2) p8rovoupUylpna)r,edkdy jsou pulsy aplikov8ny
trvaj2c?2 nhDkolik milisekund a

yrepetitivn? (repetitive TMS,s®r {thliGebh) kdy
trvaj2c2ch sekundy ag minuty.

~

Prvn2 dva typy se vyug?2vaj?2 zejm®na pro vliz
urlena pSedevg2m pro terapeutick® % ely, pro
a konekti vi tluas tnidaukkiceeh nzeml3ro pp Si pom2naj2c2ch
nebo dl ouhodobou depresi (LTD) , kter® pSet
Pascualeone, 2016).

Z8kl adn2m parametrem r TMSHejrdg zP eh?2 | ftekwencac
sekmdu. Podle n2 se rTMS dDI 2 n a-fragqdeackroMS; e k v e n
sl ow rTMS) o frekvenci 1 Hz a m®n Hreqaenoyy s 0 k o f
rTMS, fast rTMS) o frekvenci vt g2 Inedi t1T Mz,
parametrem stimulace |pgrgQegnrt ecnht emati drai cvky® hac
thresholdi MT ) , zpravidla tzv. k | i mgomot®rhtloreshmld t or i ¢ k
RMT). Mot orickl pr&h je definov&nriSa®éepaePRPni §g

13



aplikace na motorickIlI kortex vyvol 8§ kontrak
musculus abductor ppDltldiesies i b mpev isso)b Na Ine§ssp ceRl u
NejlasthDji ug2vang8 inteezitd@&@Osti MRIORME nde vp a
Kdal g2 m parametrTm stimulace patS2 d®l| ka s®r
(intertrain), cel kovl pol et wwd 2T igddlie pasidsn
6 000i zIl epguje efe&tidobuy | ®ekkdplcupol et j ednc
(pTvodnnhD ug2vanich deset se uk§8zalo jako pS?2
ag tSicet sezen? el diaelcihzaacge gsetsitmu ltal|ldnn?e cch?)v
pSi rTMS pawg? os infiglr&kobesiS§g hct2;v kch§1 e exi st uj 2 c¢?2
apod.) a jej? orientadHedVvVTlkahlaviUstHbtibi | k.
Libigeretal, 2015). Zkougeny jsou rovnRgpSpm@i §1 |
ovlivnDhDn?2 hl ubg2ch struktur; takovg§ TMS se
zamhNRSen?2 stimulaln?2 c¢c2vky na oblast dorsol at
je nejlasthDjg2zm c2lem stimulacedasé& pomiég?ival
rostr8lnhD od m2sta, |jehdaj ¢gs’tm mmuel taoc?§ nb yzl a nzl? Ssek
c2vky nejen na oblast DLPFC pat$2 wugit?2 mezi
tak® stereotaktick§ neur om@esmgRjces . kIajrdmgwo
standardn? rTMS jsou tmik®hg zwve|j vplaztntaemnnlj g8 i
stimulace (TBS)yso®klo§ dajk?ademh8 santuc g asneal vo vn2 z k ®
o p a k o v aheth tekvenciAleman, 2013; Hovigton et al., 2013 r d 1 i | ka et Us't
Hos,8kHr dl i | ka,201%. bi ger et al

4.3 Mechani smus %l inku r TMS

Mechani smus terapeutick®ho % zmRoyr pMSr TBIS?2
zjigSovat na rTznlch YrpoTvsn®bciht, ip Sprlcetmige hnTrdknt I%
na stimulaln2camimgtamenhr eschudi Z j @odonBmdm ¢
zmDn8m jako el ektrokonvul zi vorw?l itvenrDanp?i ed.o pTaomi z
tak® serotoner gn? aiBser adrogpmrse8&mgnFylneiur neuraa
r TMS. Ani m8Il n2 modely d8le wukazuj 2, ge r TM
NMDA receptor T korti k8l n?2 excitabilitu. Pr

14



vdor z8l n2 musctlreiuast ua cac uumilend s bed &l eada welnievy gn2 ch
5HT1A a 5 HT@ostreeKeekp20Gd)y TZj i gt Dny nrbeydryo ein dzomidn yn r
systi®nmeuj i ch pTsobneonr2mma | d awcalc§ z 2f ukn kicy p oeksllyz ah 'y p o
nadledvin(Czeh et al., 2002; Keck et a2,0 0 O ; Keck et al ., 2001; |
Hos 8k, Hrdl il ka,.ZkibngekT eh atudi 20[18) zn§mo
rTMS zvyguje aktivitu neuronT a jejich mete
(Fitzgerald et al., 2006; Chertal., 1997) Lze pSedpokl §dat, ¢ge r TMS

prefront 8l n2 hypoaktivity, vysokofrekven]| n?2
korti k81l (Pékryl &tkak, i2018)t Kr omND toho je mogn®, ge ¢
zpr ef r2ohnot 8klonr t exu jsou ovlIiivnDny i vzdS8l enDDj

(Loo in Wassermann etal.,,2008) Byl o zj i gt Dno, ¢ eoblastyDdRFCOf r e k
i ndukuj e uvol nhDn?2 (Strafeflaoegad,002)hBopdse Pamivarudlm2 t ak
GABAergn2 neurotransmius eeadobkv i(Dhgkdlakisnda.yt @ mu

2006; Daskalakis et al., 200Boo in Wassermann et al., 2008

4.4 Indikace rTMS ysychiatrii

Dosude j vi znamnhj g2 i rnvgsyckiatrij@l ®lobuag idte2p rreTsMSy n2 p
tuto indikacir obcyed a2 0t0a8 ® crhivMeSl evna amer i ckou F
( FDA) . Jako bezpelng metopasak®yluaiischWNgl éms
vysokofrekven|l n2 r TMS c 20lbedno® nrBa ¥d L Inansots t| eow @t
pro n2zkofrekvenln?2 rTMS c?2tkuogem?mav bl acs sn ]
me®nnN p&YpadN vysokof.r elxlviemd e ®| sht T M&iel parcees i v n 2
se osvDnDd| kijienineklemre wekhzujed se2iglbb d mahk8&8ch bRgn®
praxe( v2ce .viMawWw®d enTMS | ze poug2t nejen pro al
(Lefaucheuretal.,, 2014 r dl i | ka et Ust ohal i n Hos§8k, Hr dl

Dal g?2 I ndi kjpei ,r TMS8 kalke®® zkougena (zat?2m
pSedstavuje schizofrenie. Konkr®tnh se wug?2v
temporopari et PO 4kh®| bKlortezxwustentn2ch slucho
augment ace antbiyps yecfhedktti ctk®@® ol & er api e je dl e
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povagovsgn za m2rnl ag stSedn2?, dobapSj2ehaadNp S
depres vn2 poruchy ( LeHradilcihlekua ett Wdt. qhal0lidn Ho:
etal,2015. Dal g2m mognTm pougdgit2m rTMS u pacient
negativn2ch pS2zupkdavRE@pkeobeekeg¢hlast N§ii mul a
kter8 ophDt sloug? |jakeo2aegmeéent a8d e a20l4;iLpd yaah
Hrdli]l ka et Ustohal in Hps8k, Hrdlil ka, Libi

Zdal g2ch indikac? |®yIbdd robMR dako mderkaompul zi
Zat?2mco pTvodnhD zkougen8 stimulace prefront &
nadRj nNj i se i z hl edisd&wl apsantoosftyiz i tod tgo wea nGB
mot or i ck §, respelktive preSMap o p S2 @ralliNt o f r ont §1 ni2 kkdoyrdt e
ani zde nejsou visledkynBkel ak dybhssisabglald ¢ ¥t® (-
rMTMS vl ®| bN posttraumatick® stresov® poruchy (
by vi ® bn t®t o poruchy mohla blt Yol i nn8§ Vvyso
pS2pastmulBceni2 zkofrekven| n2. O tenapiffazcksotsit nd athg ipto2r

(generalizovan® Yzkostn® poruchy nebo panicl
vpS2padh PrTGtbo nel ze ulinit z8&vNDr Hrdleijl2k éldt
Ust ohal i n Hos 8k, Hy).dl i | ka, Libiger et al .,
Dal g2 potenci 8l n2 indikac? je | ® ba n8vykov

| 8t k8§ch jako je tabs8k, alkohol a kokain. PS
syst ®mu Zoadtnitmynejv2ce dTKaRdTNj] ez 8piiachIENRBDWLIIGi N %
podobn®m principzuatjpsnooup pAdladdg ®&nye xiper i ment 8l r
pomoc?2 r TMS méent @hwow? ekul i fpiLeHadthéun et &bkt
Hos 8k, Hr dl i | k a;McQeliabdietgle, 20169t al ., 2015

Transkrani 81 n2 magnetick8 stimulace je rovnr
kognitivn2zch poruch. Zat2mco napom8h§8 | epg?

zej m®Ana m2rn® kognitivn? poruchy a Al zhei me

vyugitpol Sobw?2 avh, [ kdyg se i ¢Lefauchew etial,y n DKk
2014Hr dl i |l ka et Ustohal i n Hos8k, Hrdli]l ka, Li
Dal g?2 zaj2mavou i ndi kac? j e porucha pozor
dosphPRioipShpadnN Dl e wWdoreticklch pSedpokl adT
pozitivnD ovlivnit zej m®na pozornost. Pro tu
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DLPFC (Lefaucheur et al.,, 20144r d I i | ka et Ust ohal in Hos 8k,
2015.

Znepsychiatricklch indikacPkP®Isken r taijySoldgitk o ,u g ¢
vl ® bnN motoricklch i nemotoricklch pS2znak
(Lefaucheuretal.,, 2014 r dl i | ka et Ustohalretah,2M®» s 8k, Hr dl

4.5 Kontraindikace a neg8douc?2 %l inky

PodstathouVhodou r TMS | e, ge se jedng§ o dobSe t
n Nk onlSilkkm nt r a (Loocktiak,8002Hr d1 i | ka et Ust ohal i n Ho

et al., 201% K absolutnzm kontraindi kac2m vysokofr

a zvligen® riziko vyvol &8n2 epileptick®ho par
ug2vsggn2 | ®T sniguj2c2ch z8chvatovi pmagh, pr
EEG(Tul ek, 2002; Kopelek etHBalrielgka 20104Us Rala
Hrdl il ka, Libi Néezkef rakygenP@|ib5ks tei pmull eapcsei es en ay

VyugRiviait pro ni t at o(SaktiageR or dari 2 egchi. eRODR) I€ d anlegp?l n t 2
absolutn?zm kont e ai okysdkd ¢ 2pmné z k o f r e k vpeant| S22 r

i mpl ant oviamdnikuwvvyj ma ¥%st a d§le tak® implae
pumpa( Tul ek, 2002; Kopel ek eldr darkek, U200Hal Ran
Hrdl il ka, Li bi 0Sr2 vet s&l .mez20kHdntraindi kacem
naopak rTMS povagujel @lab b egmpa\dirdpufastettapealn s
2007;Hr d1l i | ka et Ustohal étal, 20hs §RSi Hsduli a&@a@®ml
antiepileptik blTv§g %l i nonbodsatbn@®mMMS Yabii k2, jree
intenzity stimulace prot o je pSed stimulac? vhodn® t a

vysadit nebo al esHroRl is|lnkajiet jlegtiohald8ivik uHA s §
al., 2019.

Nej z8vagnhDjg2m neg8douc?m ¥ inkem rTMS je
jedince bez predispozic. Toto riziko jJje vg
jednoho tpiSSysamlug em@nreld.t NTakovl z§plBevaBhesm vy :
stimulace nebo kr&8tce po n2PSkayl ebkurefols 2005 N j ri
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Hrdlil ka et Ustohal in HpE8&E|l gHmdhefRBdout? mi
pat S8tvm2odtel stimulace bRhem | ehjuBau apDi mgc 8,0 ¥
pacientT. BT vE§ ®hloe arfzaun § 7z ¢ p B apcSeadd nansih @meud eu kko |
| ®| by. D8l e se ob| ae stimwasi k ykttuejr2® baollee shhi®v ahjl2a v
pSechadm®eaguj 2 na HAAYetdl, 2007h | Wert M@dpa ckiaent T
byl o pops8no pSechodn®KezrvVge®mu spaghox ®hd
nedoglo. ZvigenPzel pSdhov®hoetpradhmu2 mlooetcp §vka
al.,2001) Co se tile psychicklich neg8douc2ch Y| i
pacientT trp2c2ch bipol 8rn2 afektivn?2 poruch
depresivnxnhDepil redum8§Vvo pS2pacdéemt ToGleo spdi ¢
kr ozvoji psycho(Elacka.,2002; Zwanzger et m] 2002; Sakkas et al.,
2003;Hr dl i | ka et Ustohal i n Hos8k, Hrdli]l ka, Li

46Transkrani 81 n2 magnetick8 stimul ace
schizofrenie

Pro vizkumn® %l ely se viyaddaomylRssuwoumuneabhm?2p
Jednopul sov8 stimulace se poug2v8§ ve studi?
integritu kortikospin8ln?2 nyo(Kobayashi kt@ascusal § h y
Leone, 2003; Groppa et al., 2012; Camprodon et Pateoale, 2016). Jeden puls

odpov2daj?2c? intenzity se aplikuje na obla
perifern2ho svalu | motorickl omovmkoval
el ektromyografi e, kterl | ze povagovat za mar

TMS pulsu a zal 8tku MEP | zenedeonnethkav asty nj

(Camprodon et Pascuble o n e, 2016) . Jednopul e®ing wtligrau l
zm2 nNDn®ho MT , kterl Il z e povagovat zZ a mar k e
neuron8ln2ch membr&n, synaps?2 a glutam§tovlc
et PascualL e o n e, 2016) . Definovs8§n | e ,j alktoern8 nv yngd
sval ovou kontrakci | i MEP vy@®gZetnedpbb®Ds mi ki
pokusT) ( Ko b a-Lemreeh2003;eGropp® atsalc @0A2; Camprodon et Pascual

Leone, 2016). Klidovli motofiREMR] epmBBelrasatis
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vkl i du, aktivn?2 MT i(AMT) vee moD&entbhNbesmoljckt
kontrakce. AMT jezpravidlani § g2 ned RMT. MotorickIlT prgh je
zmNDnNDn medi kac? nebo patol ogiLeloinmi, 2t0d6y . ( C
parametrem | i mar ker em, kterl l ze mnNSit porl
perioda (cortical silentpericddCSP) . Je to perioda el ektromyog
nadprahov®m TMS pul su aplok&oanh@®munédhDlobmast

kontrakce &kontralater8ln2ho svalu. CSP mD¢
aminom8selnou kyselinou, k ogh (Kien@mnneDal.,r281d,e pt or
Camprodon et Pascubtone, 2016). Dle Camprodona Rascualdeoneho tyto dva

jednoduch® stimulal n? protokoly ilustruj? |
fyziologickl efekt TMS nen2 |limitovg8n na obl
se neuron8l n2 mi okruhye, ja dz8lvei stid, ndpe aeft aikstl
dok8z8no rozd2?Il nou velikost?2 RMT a AMT a t ak
sval aktivaid. tAploi Hdwjaemea i nci py na neur osti mi
oblast2, zjigSwu?yjteneS?2 dj2ec 2k oenpd teixwi2t u, chov §n?

vi TznlTch stavech (ve zdrav2 a nemoci) a tyto
TMS (Camprodon et Pasctiaéone, 2016).

P&§rovs§ stimulace umogRu]j eafasilitasidJsoulnt t Sebakdw

TMS pulsy o dvou rTznlch intenzitgch a int
milisekund. NejlastnDji sker 8uckdws itnzimtervak 6 e mi K
cortical inhibitoniv S1 C1 ) a I nfacititac& Qintracorticd@ Ifaniltationi ICF)

(Camprodon et Pascuhle o0 n e, 2016) . Exi stuj?2 wvgak i dal ¢

MRDSen2 SICl je provg§§dhDno aplikac?2 podprahov(
pSedch8zej2c?2Rklndd¢5 nMkd| inladmi khevi testovac?
amplituda vyvol an®ho MEP, kter8&8 by mhRDla bTlt
SI ClI mNS2 inhibil n2 jaeeptoryRatihu et ale2D13pBursea al., GA B A
2014).MNSen2 pt 6F§fdBno podobnhN jako v pS2padn SI
puls je n8§sledovs&§n nadprahovim testovac2m pu
15 ms, popS2padhD jegtnN del g2 m. To na rozd?
projevuwjyggz2z senpl i tudou ME P . PSedpokl| 8d§8 se,
gl ut am8t er gn {Radheetal., 2018; Bunsemtials 2014).

VSadnhn studi?2, vRtginou prTSezovich, bylo z

inhibition 7 CI) u depe s i v n?2 poruchy i u schizofrenie. |
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uk8zala, ge u depresivn2 poruchy je zkr 8cena

| CF zTst8vaj? nezmBDnRDny (Radhu et al ., 2013)
znal nely olgeetn n 2 . Dal g2 studie zjistily Il evost
depresivn2ch pacientT, SI1 ClI byl a zkr8cena ze

RMT byl u nich zvigen; zvigen2 RMT byl,o obec
Lefaucheur et al.,, 2008; Levinson et al.,, 2010; Maeda et al., 2000). U schizofrenie bylo

vmet aanal Tze Radhuov® a kolektivu zjigthRno s
| CF naopak nebyl ZjigtNDn rozdz2| 3dpr ©@piNt z ¢d eav
t Seba zm2nit znalnou heterogennitu zaSazenT
viraznn ovlivnit [ | ® ba psychofar maky. Byl
dolasnhR zvigit RMT a sn2gi tMahgaui et &.,d260jt o CS|
Minelli et al.,, 2010). Kombinace antidepresiasit i psychoti ky vgak mT¢g
depresivn2ch pacientT v®st k prodlougen?2 CS
vposl edn? d op$? pajdiNg t Moo bvenna2 paanctiiepnstyyc heo e i Is ¢
Longitudingln2 studie pkadlu¢gdgeme C®8P,j chejpwvi
efekt vp S2 padhn kl ozapinu, ale prok8pBhotiwyd st o
paliperidon (Prikryl et al, 2008; Frkret al., 2014; Kaster et al., 2015; Ustohal et al., 2016).

NRDkt eS2 se dok potenciace GABAmMZ2vdajod an ®e n,ena ktawour ans m
prodlougen2 @BP®epblUkanoy®, zjigtNDnim neurotr :
kterT je solUb§se2 apank ®gnkpdychotiky (Kastdr etaloF0ISe ni e

Kagdopg§8§dnhD |l ze S2ci, ge TMS je velmi ugitel
tak® mechani mu pTs odbeepnrze sli&|nkry puo rpuadioa@t|di ss c
oblast se d2ky n2 otev2raj?2 nov® mognosti. Vel
se zobrazovac?2mi met odami |, pSedev g?2lmone | ekt r c
2016).
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4.7 Transkrani 8l n?2| @hgbhRetdtepk&€ssvnmupac
schizofrenie

Snad jegthD vNtg2 viznamuldaEn®sbtRT & pmes mgn T

avo nNco meng?2 m2tSeer aip esucthiiczkolfm eVmlieel . TNK se poug

4. 7.1 Repetitivn2 tr ans kla@lib81 nd?@guocasgsni evtni2c k

4. 7.1.1 Vysokofrekven|n2 rTMS | ev®ho DLPFC,
bil ater8l n2 stimulace

VI ®  bnND depresivn? poruchy se nejl|l astDji ug
|l ev®ho DLPFC nebo n2zkofrtekpeatV®hor DMBFC.2 | £
ug?2vat [ bilater8ln2 stimulace, kdy je stin

pattern stimulace,gzi ch g nej dTl egitnNjg2 je vige zm2nhNn§

Pl innost, al e t alk®l bble zdpeep rneossitv mrgr MBe sve ¢t ky B k ¢
kter® byly rovmAdd mernraacnwidy.v Metaanallzy p
shrnul ve sve®mr dmet 2P 34 hkdekdverid® Nades| gich selkem
patn§ct. KromhD nich do sv®hama$eghlbedped aDasdi
kter® prok8zaly, e se je®Pn¥yneéd dcesbanal hByb
spornou i%NDtgmneaotu prok8§zaly vDtg? ef ekt VYysSo
oprot.i s h a m@jich®k | si tnii neuklT almydi disekkut t avbg &l khj2 g 2 met aaneé
vgapsi nesly pSesviRdliviRDjg2z vivditegdkyst aBylsd i ¢!
recentnhjg2ch &t umrkd®d lao unjeetns2am adotzy | ®| by (r e
sezaNmv)Nj g2 nmedvamm@l §eyt ynezkofrekven| nz r TMS
Del |l 60sso0o a spol upt epénmlzackpair ade p o Tiuildegjaédmu dl a c e
r TMS s EEG, PET | i f MRI ; |l epg? zac?| en?z st
stimulace ad a |l § 2 (Del |l 6030 zger alld ,a 2Dadadkal aki s
dokazuj2, geanTMB8emBegfinmsmd jej2 kliDiopiocki®upidgi
zamhRSi t s e na dal g?2 optimali zaci stimul aln
odpor N (Fitzgeraldet Daskalakis 2011).
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Dl e recentn2ch doporulen?2 Mezin®kuad4sdu f eder
rozligovg&ny tSi YrovnhD rdMSazolz nmrl ® viaa@®y Clsime
ProveR A znamen§ | aeébhoz mael¥l dun nisatmznpossite o § @ A
visl adkypoduddd 52 dy | ® netivdkidegydn austadkteSPpdyR IdlIv.
ProveR B oznaluje pnabdDpeddbmoosti: podpotSen
visl edky owsstudts ptoSR ddye bo jedn® studie tS2dy | I
ProveR C Znamens§ potencrne&8dm?2 ng¥oigmmast Y¥dc
pSesvNRd|livimi visledky jedn® studie tS2dy |1
g8dn® doporujybenzal esokwRl &whND studie tS2dy 11

stimul ace stejn®ho klinick®ho stavu podobnou

Dl e tDcht eexdopgar | esn?2l n8 evidence o %l innos
DLPFC (Lefaub e u r et al ., 2014) . To dle nich dokl
kolektivu zr ok u 2014, do n2¢g jepel hkemo$B7rapadikn
respond®r T byl 29% mezi pacienty |10% mezil mi a k
pacieny | ®| enT mi shamovou (placebovou) stimul ac
2014) . Sami aut oSi d qpoari ulievm?2 mn a Iive ggld ite id K f 2 mit
pSilemg dvhD metodol ogicky dle jejixghffech§zoru
size studi? byl 0, 87. Na z8kladhD tRDchto %d
depresi vn? por dolpyr ph&o?2 il nantur evni A (Il eve
2014).

Slabg?2 evidence je dle zm2rDnTTcMS dporpaovr &hl oe NB
cog je d8no zejm®na nigg2m poltem studi?2 (Le
Berlima a spolupracovn2kT, zamNSen® tentokr !
zaSadit p 0 u zalkeno 263npadenty Paka& i 8 n 2 r TMS dos8hl o 1
pacientT vpouszreovin®%,2 kt eS? j 2 dos8hl i po st
2013a). Vzhledem ki § g2 mu pol tu studi 2 je tedy n2zko
vt erapi.i depresivn?2 podwdmy) Rdbodpmoor&el rean 2jma knoa p
B (level B) (Lefaucheur et al., 2014).

Bilater8l n2 stimulace (tedy vysokofrekven|n
prav®ho DLPFC provs§g§dpn¥bbDhpyededh® pb@ctebn®ak}y¥
tedr etickIm pSedpokladTmumTS$atezgl 8§t Bedm@ b ao
studi . byl a %Y innDj g2, ve | tySech stejnn v
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doporunZ2enpr &kt o nezauj 2maj?2 soolzhasdo®j ésjtzanaue v d

ug2vsgn? dTvod, protoge j e | asovDi nN8r ol nNj
pravostrann®) a nen2? prok8z8no, ge by byl a ¥
Spougit2m rTMS pol 2taj? i posl edn? dopor ul
Psychiatrickou s pakd 20ldn dksap?i tlol® VERozan® | ®
poruchy uvg8dhDj2, ge | ze poug?2t vysokofrekver
prvn2 volby, pSilemdg metaanal lzy ukazuj?2 |e
schopnost potenciace % inku antidepresiv. P C
Yal i NN 8§ i pSi sel hgn2 el ektrokonvulld.iTytm2 | ®I
postupy obsahuj 2 i samost at o P 3Kk&pbyd odkeup rtel ski
poruchy uv&id2, | @eby je prok&z&n -G7B)Sp@nh ve
farmakorezistentn? depresi j e NNS$+ 6 mu IDa8ll ne?

paradigmatda vy sokof r eWemMHlzn2z r(TME nad oblastz | ev®
obl ast 9/ 46) al/ neblo, On2HzKofr EMS emlard2 obd a% t 2
(Brodmanova oblast 9/46). DopoBuB&niT)dproal et

indi kace sel h8n2 minim8InhD dvou antidepresiyv

4. 7.1.2 Optimalizace slt®|muldl ad edFrcérs ipvamza med

VpS2padhD terapie rTMS je dTlegit® a hz8&rove
parametr T. Z8kl adn2zm parametrem je frekvenc
zpravidla poug2v§ frekvence 1 Hz (pS2padnh
Vi ozme0n2 Hz, nej |l astDji 10 Hz, d8l e 20aaHz, meg
kolektivuvp S2 padhD depresivn?2 poruchy prozat2m nel
Y%l innNDj g2 neg |jin® (odmfauohkteduejeakaj2mthatld)
rTIMSspevnhN stanovenou frekvenc?2S)t zvk.t egy8n cphSreodn

stimulaci o pacientovD individu8ln2 alfa fre
Ukazuje se, ge |l epg2ho efektu vysokofrekve
vygg2m poltem sezen?2 (nad deset),, vimggs m ot
me z i 4000 ag 6000) a vygg? I ntenzitou sti mt

intenzifikovat Tzkonudeaerna?] e@gatrawmetirgtenzi vn?
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doby nap$S. |tyS dnT je paci eikkPani saepz @ rk2ocvh§ nd
(celkem 31200 pulsT bhRhem | tyS dnT rozdhlen]
2010; Baeken et al., 2013).

OtevSen§§ je st8§le ot§zka co nejefektivnhjg:2
studi 2 zkoumaji1® b dfeepkttsi VMB poruchy ugil
neboli Apravidlo 5 centimetr Tfv,atdIse i miK tad mi2c
ag 7 centimetrT od m2sta, jehog stimulac?2 b
Dal g?2 mognost2 je ugit? mezin8§rodn2ho syst(
doporuluje stimulovat obl as 8 (Herwigaeh al.p200838 u mi s
Nej pSesnhj g2 um2 st Dn?2 c2vky nad zvol enou

vyug2vaj2c2 zobrazovg8§n2 magnetickou rezonanc

jako pozitronov8 emisn? t 0 mo gogeadifie (SPECP RT ) , ]
resting state f MRI mohou bTt ugi ty i k pre
pochopen? mechani s mmu %imomlow rTMSgi K i neur c
jako mnNSen2 korti k8l n2 inhi bliefauhear etalx2014). abi | |
PSesto dle autorT doporul en? nel ze wulinit j
ZzpTsobu zamhNSen? stimul al n2 c2vky pr o | ®| b

(Lefaucheur et al., 2014). Vomt o kont ext ue Tropka a &ogleRtivaaeokg st ud
2014,vn2 § se autoSi snag@gili zk o uinBaotimanozadohlastn Dk t e |
9nebo46 bude | epg2m c2l em pro n2zkofrekvenl| n?z
je signifikantnhD Ylacen,Dja@w®ganke gr acszhda2mo virBe zsit i tmi

pSi aplikaci aktivn2 stimulace nen2 (Troj ak

4.7.1.3 Vztah rTMS a antidepresMv®| b depresivn2 poruchy

NejdTl egitnhDj g?2 a nejrozg2Senhjg?2 bi ol ogi c|
antidepresivy. Ve vztahu &nti depr esi vTm Inoreterapio {edy? hez r TMS

~

antidepresiv)), kW ombi novan® otutkasaphDi n&sazovanlm ant i

vaugment aci j g dl ouhodobDj i pod8&8vanTch al
antidepresiv kKTMS vmonot er api i provedl o | en nNkol i k
Fregniho a spolupracovn2k T, kteS2 srovnS8§vali

Hz sf l uox et i nemPaur kp ancsioenmotvIous ne mo c 2 a komor bi
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| ®| en® proTmMbS 3d80%y | roe dku k c i z8vagnost. depresi v
p o moHamilton depression rating scalfHAMD @ Hami | t onovou ),gvk 81 ou

skupinnhD |1 ® en® fd4lwoxeeduoukmi dog§lvagnksti dep
hodnocenlch @krié®mui HAtMDal ., 2004). Chistyako
| ® en® pacienty do tS$2 skupin. Prvn2z | ®| il
3 Hz, druhou skupinu pravostrannou nebo | ey
skupinu kloni pr ami nem a shamovou stimulac?2. Nej | e
pacientT | ® enTch | evostr anneodue Nr8ENS @afi ek

response) (Chistyakov e#tj eaHa ,s RDI0ObEPTr. acVev it 2Sceit
souboru gedeg&tzii spaoatent epresi vn?2 poruchou
| ® ebnl pokus) Yol T nnost nz2zkofrekvenl| n? st
SskupinnD | ® en® rTMS dos8hl o response 33% p:
venaf axinem dos8hl o response 39% pacientT a r
studi i Ustohala a spolupracovn?2kT (viz tak®
sdepresi vn? poruchou srovn8vsg8§na vysokiofrekyv
paci enntlTidespresi vy volenl mi na z8kladhD uvsgge
zni ¢ h; nej |l astnDji se jednal o o sel @B8Rl)vnz in
Ve skupinhD | ® en® rTMS dos8hl oveesbhbopseD70&
antidepresivy dos8hlo response 65% pacientT

Kombi novanou terapi. rTMS a antidepresivy
mini m§l nhD pnDt studi 2 (t Si prok8vzialwyi kvoldtig)z. !
autor T doporul en?2 | z e tento zpTsob | ®| by |
shodnocen?2m na Yrovni B (Il 8eel i mov,T chogmep @t
(Lefaucheur eal., 2014; Berlim et al., 2013c

Pougit?2audrvsntvaci antidepresiv versus antic
nej m®&nN pRNtpogtiwdivh2 it S skedkem, kdy augment
efektivnDj g?2 nedg anhedepren? mb shmektivikBYy, dkD

augment al n?2 strategie neprok8zaly). Aut oSi |
augmentaci | ako pohtoednncoic8lnn?idn ¥mlai n¥aroouv nlii 1G (sl e
al., 2014).
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4.7.1.4 Srovng§etrt apiTMSdehgyEETivn2z poruc

Od zaveden? rTMS do terapie depresivn? p C
sel ektrokonvul zi vmeat aemalplktie QACB) .sr¥Yvngvaj?

spolupracovn2ky % innost a sn8gdgenlivost vys
zar nul i sedm| kowdmn2 psltem 294 pacientT. Zj i
Yal i nnost co déopdo&E&JerosB8amiose emi se 52% pac
pacientT (OR=0, 46; p=0,04), asociovan® NNT
pral8 a vygg?2 Y innost i co do zmRDny09% 8§vagn
p=0,007) . Co se tlkalo p&Ged) ase®hdb wmeaen| e
statisticky signifikap8hpadMiz&am®@nND bBeRtivivizZrne ea |
upozor Ruj2 i na nRkter® | imitace zaSazenlch
mn| i pSed zah8jen2m | ® by hlubg?2? depresi a
dobu nedg u pacient ID8I @ etnalkceh Ivpes nsa cuzul § 2 BMIS iy x |
rTMS sezen2? s flexibiln2m poltem el ektrokon

nNDkdy kriti zcentiment§ir TAmeted kaovd byly pro obhD me!

m®nN i ntenzi vNa nd § vplarr aaakti $i  knoentsataant uj 2, ge
Yal i nnNDj g2, ni cm®&nN pougit2 rTMS m8§ sv® odTv
kompl ement 8r n2 | ®| ebnou alternativu depresi
vbrzk® dobnD nahralg2 (Berlim et al., 2013

lef aucheur se svI miopopall emradhdowwvskKYyEOTje ¢ge s

obt2gn®, chyb? placebem kontrolovan® studi
cel kovou anestezii, rTMS poidlsdlait,dQ aedolyinhm g
et al., 2014).

PSesto do dal g2 met aanal Tzy bylo zahrnuto
scel kem 425 pacienty. DI e jej2ch visl edk-
svysokofrekven]| n?2 (644RbS/s. 430%; RRo= 14k 3 p QOB)staK i
remise(529% vs. 33%6%; RR = 138, p = 0006) RovnDhDg i zde nebyl r

zpTsoby terapie v p8etklamdd®ma ukdhkll &hnB VIR Ibed
dl e jej2ch ,aujteorrTT MSs unz§o vnaitg g 2 Y| g $2npasd N otpld okt 1
depresivn2ch epizod.d o¢pesprchoitvrekdmi epiS2Zadak
pS2znakT vgak mTge bIl(tRemTMS sarl oy 7 Ri0ddgp® Z|dign
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sti mul pdramétrechi v met aanahl zepoXuprbaydavnzki gt n
nesigni fi kantn?2 super i20Hziap8i rTHISt d hejem@nwRAcl20C
al., 2013).

4.7.1.4 |1 novla®@libvh2d @r2esgiuwry? vporuchy pomo

Nad8l e se wukazuj e, ge je prostor pro zl epg
KromhR zmi Rovan® synchronizovan® TMS a intenz
TMS (deep TMS) pougi t 2 m speci 8l nz2ch c2vekzeag mslae t
TBS. Pougi t 2 hl byjpok®maTM8ovEno v metaajeghmal Tze
spol upr attcow®@p &éhl eda Behs aspbsa pz@vchrverd k Tge |
TMS je % inng8 v | ® bND rezistentn?2 @&epr®d bhiav a2
mTge blTt % inn§ inaECTDS$2 pa dly| mo n jedic®ilzi) s &N jNin2o,,
ale hTSe sn§8§gena neg r TMS, proto bTvsg§ dopo
(Minichino et al., 2012; Bersani et al., 2013).

UTBSse pragpM§ckeace tS2 pulsT o vysok® frekvenc
DNl 2 se na kontinu8ln2 (cTBS) aUcTBSkeirvr§ t ent
aplikov8§no 300 pulsfpohkeben8@@npulkoTRiTBEGE m8 z %
seaplikue30 pul sT bRhem 2 s kagdlich 10 ;$epdmdob

pTsobdaoé&g m§8z?2 k facilitavdi | ®RobBi K®&lpmZesiexecit &
aplikov8no za sezen? od 600 do 1800 ypal sT,

3600 pul sVlyzkaoudgem}a byl a i bilaterg8l n2z TBS (
|l evi DVMPRG6You je zejm®na kratg?2 trvEgn2 stim

pul, sThebyla vgak prok8z8na superiorhAtand®BtSi v
(Chung et al., 2(8; Plewnia et al., 2014; Chistyakov et al., 2p15

Velmi dTlegitl je vibhRr vhodMSchmepadi gat Pp,r
Kt omu | zfeunvkylung?2 tz obr azovac?2 met otdoyp irj gakkS8z & nMR I
ge vDhDtgrysekekteKM8®nlbAizv§ u pacientT s hypo
pr ef r o(befagchenrl®) al., 2014)Tyto metodyjsouv g a k b Pgkol® ni ck® pou.
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pS21 i ¢g.Aiténativiebd n®ohl o pSedstavovat akddancg)r esp.
jak ukazueBar eg se spol wpa,208pvn2ky (Bares

Dal g2 dTlegitou okolnost?2, kterou je jegthn
studi2ch (nejl ®pe dvojith sleplch), |jed b obl
pomoc?2 r TMS. Do recentnhD publikovan® otevSen
pacientT, kt eS2 ndocsh§ hil ir erneisspeo)n saenidif)pméowd na r
venlafaxin (22 =i c h) , nebo na kombicrhgdiniVagpa@eks md o W
vudr govac2 | ® bhn tou terakuittn2z kit@IrtgN,u pnJiclhe n
provg8dhNDno dvakr8&t tTdnhRD prvn2 mRs2c¢c, jednou
zbTvaj2c2ch devDhDt mRNDs2cT. Ma dRkpdon aviu o led dagpwsdaln
vV .gemi t Se mi skupi nami pacientT, odlignlT neby

PSes vige uveden§ fakta o | ® bh depresivn?2
o to, zda je tat o kreitmidcakheppidaiendmP.dbespaaedbnin?
vroce 2014publikovais y st emat i c kT p Se hilklmidkpu refevancritidS z p o c h
Vesv® pbB8uxmdMny ve sk-re gk8&8ly HAMD publi ko
(cel kem 63) nClnicdl Gldbal dmpressigikirBproyement CGI-li Ce | kov T

k1 i ni ckilz |deop geaiist, ge jak v pS2padhD nereziste
pS2padT] depresivn? poruchy je rTMS %Y innDjg
hodnotii jako klinick y  m(dpping et al., 2014)To vyvol alo odpor, k
koment §Skolvgkt§idBi Autor T pod veltzodimodhemana,
nepS2mo spol PtoktudC®ly to bylo mogn® a dost at
poug? vad® hk@itizovali zaSazen2? Sady starg2ch studi
stimulaln2mi paramet d5s e@zreagg 3k hadn Ba 2nRNNS erte
publikovanich studi2ch s | ®pe zvolenl mi p a

Leppi ngov akazpov8liwfi r acd m ] gAlembntet at., 2OU4S.

4. 7.2 Repetitivn?2 transkrani 8l n2 magneti

Repetitivn?2 transkranil8®InBND magmiez o fcrke&n isea i unu
d2ky sv® schopnosti ovliivnit nNNDkter® speci f]
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obzvl §gtN negativn2 pS2znaky a ishndichawve® \hyau ¢

t ®t o metody, kter® jsou vgak m®nhD ovhRSen®
pS2znaky, obsedantnhD kompulzivn2 pS2znaky a
(skrze sn2gen2 cr%hen20lgu) (Ustohal et al . in

4721Repeti tivn?2 transkrani 8l n2 magneti cksS$
schizofrenie

Snaha ovlivnit negati vn?2 pS2znaky schizofr

vysokofrekvenln2 rTMS mTge zvlogui takktoirvtiitku§ |cn22

neuronT (Speer et al ., 2000) . ZjigtbDno byl o
modul uje uvol dBn38dopmmshuoui atu a nucl eus ac
Dal ¢g?2 dTl egi t] poznat ek prSai cnoevsnl 2 k 8t r akfdeyl gl a z
vysokofrekvenl| n2 rTMS <c¢c21 ens8§ na DLPFC i ndu
vipsilater8ln2m nucleu caudatu u zdravlich d
zSejmND m§ i -Spbhaohaek Berkol evketni|vn?, rgTeMSv yzspolks
downr egul aci serotoninovlich r -Schacparetal.TI999)e f r on

Prvn2 studie zkoumaly %Yl innost nz2zkofrekven
kortexu. Negativn?2 pS2zzysSkwkvgakcbvipiSepiadea
depresivn2 pS2znaky a anxietu (Geller et al
BDlinnBygd veDdn?2 negativn2ch pS2znakT schizof
rTMS c21 en8 na o btéxa(€dahenptrak, 1999 Jandget al.220086; Skcldev

et al., 2005). Po pilmadBRjcml ni ovtlesvlSeednkiyc hb ysl
nNDkolik dvojithDneasdelpanjetinczmal &1 mi z8vDry
zt Dchto demjlicthDsz asli éprblyk el izkha ametva8anrma lvli z § ¢ h

Prvmi ch publi kovala Frernvnaeol®09e Spol ep nddc
celkem osm studi?2 (z toho tSi otevSen®) zkol
par ame ®rjwe dungoittl i vich studi2ch vgak byly zna
intenzita stimulace, pol et sezen?z, pol et apl
byl poolovanl effect size roven 0, 58tux5% CI
kontrolovanlTch shamovou st i-Omu38ac20,s%2 ;s npP0,l4
nebyla %Y innost rTMS jednoznalnhD prok8z8na
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publikovala o ek Lpoge&ljvi§ DBleabsavci m§i sgpol mpr
zaSadili celkem desepSesdaud22 (mdtédama Ihibzye®, nae
dvhD, kter® Freitasov§ vySadila). Effect size
[ i1 ukazuj2c?2 na sp2ge arkalauu o%lii rwrydbstalst ipmou
kter® za stimulaln?2 frekvadnfcai pz8wsarui)l,i blyd HZ f

0,63 (95% Cl: 0,11: 1,15) wukazuj?2cdelange st Sec
et al ., 2010d)zu Pldtl2 kmetadamsael sotei 286pol Spi a
autoSi do n2 zaSadili celkem gestnSt®| sPudi
negativn2ch pS2znak T efektivn2 strategi 2. M e
frekvence st mul ac e, j ej? i ntenziit éylalai t%lki®n nzopsTts orb

hodnocen @&calp tomtbecAssessment of Negative SymptgBANST Gk §1'y pr o
hodnocen? neghti tmkcthypS2edrhakT Ssize pro sha
studie vygg?2 (kp8kp ®d pPositiéadiNkdgativenSyrigronve Scale

(PANSSi Gk 8l'y pro hodnocen? p oz i)t\tvankiohvo® ma prSe gaa

dosahoval pouze hodnoty, 4 1 . Aut oSi metaanal lzy na z§8KklI
tyto stimul al n?2 parametry: frekvenci 10 Hz,
110% a nej m®&nN t Si po sobhD n8sleduj2c2 tildn
pul sT paowalgzun@mmnzl , pSilemg vygg?2 polet je ef

Vroce 2015 byla publikov8§na vel k8 multicent
zaSazeno cel kemga?Zbvpamiep67zeaky schizofren

ng8sjeda: frekvence 10 Hz, stimulovs8n byl | e\
mezin8rodn2ho Ssyst ®mu rozm2stNn? el ektrod
i ndividu8ln2ho MT , aplikoval o s e patng8ct

apli kopwind Ehbyl 15000. Studiimepdidm&sll @ segpt
ge aktivn?2 stimulace by byla signifikantnhD !

2015) . Mognim vysvhRDtlen2m ne¥%WspRhRchu t®to st
apl i k ov a fUstohal etmluitBlsef 20 16) . Ve stejn®m roce by
studie, do n2¢§ bylo zaBSagahnbvnclemik emS2lzinfa ke
Stimul al n?2 parametry byly n8sl eduj 2LERC: frel
(zac2lenl dle Apravidla 5 centimetrTdA), int
provedl o s e dvacet sezenz, cel kovl pol et a
zaznamenal i signifikantn?2 rozdavll i vme@ai iakr 3 oh
pS2znakT a ¢ge pokles jejich z8&8vagnosti pSetr
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VI ® bN negativn2ch pS2znakgS2spahdlx off ereapice st
poruchy zkougel a poug2vat uil abel dteevr®hlon2i s
prefronts8l n2ho kortexu. PSedpokl 8§dal o se, ge
vgak prvn2z studie podobnn | adniostudie Fitkgemidaea i v n 2
spolupracokm2 RTO0 &, k toef §2e kppewnd inl2i svuy snauKk aci o]
, anrioksut udad 2 ,B ak tr 0¥
vysokofrekvenln?2 stimpuTbhbBhuoddékehoendvadeét iH:
etal., 2008; Barretal.,,2012)®pe dopadla -d§g &aodeev®l abapolu

vpr TbNDhu patng8cti sezen?

zroku 2015. Aut oSi zvolild tyto stimulal n?2
pravl DLPFC (konkr®tnh m2sto nach8zej2c?2 se
Ssyst ®mu red zzrk?t g toldin210/ 20) , stimul al n?2 i ntenz

provedlo se patn§8ct sezen?2 ve tSech tldnech,
rozd?2| me z i aktivn2 a shamovou stimulac?2 by
(DlabacdelLange et al., 2015).

Dl e recentn2ch doporul en? Mezi n®kuddldafze f eder
vysokofrekvenln2 r TtMSr apev®hmegBLPFB2 cvh pS2z
pravdDpodobnD %l innou, tedy oparwl evnwAi nBIl ek &
jeden8ct origing8ln2ch placebem kontrolovanTc
kteS2 byl stimul ov8ni aktivn2z rTMS c2l enou
dohromady =zaSadilo 31bacpeacbehaT)s.i gAktikant
pl acebov 8t lMic hsteGdcnjiie dze hudi 2. s$tiudila,l nktdr@ kuvegr

bylo celkem sedm, @i ch p@exsitt isvn?2z mi visledky. Co se
protokol T (bil at esrt8ilmwrl awxyes onkeobfor etk 2knd fn”re kv en
DLPFC), nebyli autoSi doporulen2 na z8kladr

stanoviskqLefaucheur et al., 2014).

Vpodobn®m duchTMS pIS®|sktu prué datki vn2ch pp2znakT
psychiatrick® p®| e vydan® Psryocchei a2014koDop®

rTMS jako jednu zariantvr § mc i 4 . kroku (po sel h8n2 monot
pSi nedostatel|l n®&m Y| i n k augmentani cantipsycagiik ce | ke mo z a |
ovliivnit negativn2?2 pS2znaky (Legkov§ et al
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4722Repetitivn?2 transkrani 8l n2 magneti cksS$
u schizofrenie

Princip vylu®litn sITueSh o T ¢ hinhtbisipatob ghaky gpbdbhe
aktivity vi ev®m TPC (obl ast Brodmanovy obl asti 40
prokazov8na zobrazovac?2mi met odami bNDhem sl
ge pr8&vhND tatopobkasu per bk udndd w809 Gletenaet@Er ei t &
2012; Slotema et al., 201

Prvn2, kdo pougi l nzzkofrekven|l nz rTMS (o f
byl vroce 1999 Hoffmank ol ekt i vem ( Hof fman et al ., 1999
randomi zovanlch, shamovou sti mpbziva2z mikonfr af®

snegativn2mi visledky. VIislenRioltiDkceht me tsa aurda
Prvmi ch zvreokee n2007v Al eman se svI mi spol upr a
deset studi 2 zkoumaj2c2ch efle&un?2rnmT MBI sntau pceem

byla redukce z8vagnost.i sluchovich halucin
sedmi pologkovou Auditory Hallucinations Rat
ugito n2zkofrekvenln2z rTMS ®hd rlek®.e nifi f elc tHzs
studi 2 byl 0, 76 (95% CI : 0, 36; 1,17). Pok

kontinu8l n?2 sniianu)l ,acv zr(adsetviDt e fzf ec t size na
stimulaln2zch sezen?2 ( m®AhIN2 mte gv rNd u ss eg&@&tt2zia vie?
studi 2ch) ; rozd?2| Zji gthNDn nebyl . DvhD studie
PANSS, ef ekt vlgeahko gn ewnyap leTzvi §,, @&®e r TMS %l i nkc
sluchov® halucinaceal AmyoShrumlpgtetthik, mgeapo
viedukci z8vagnost.i verbs8ln2ch sluchovich ha

Druh§8 metanallTza byla publikovEoaeTP@a068liAae

do n?2 zaSadili desely seudemm, 2BRem@crzahtifo \
nz2zkofrekven| n? rTMS | ev®ho TPC a mRSily j
halucinace pomoc2 rTznlch gkg8l. Jako senziti
(HCS) . Aut oSi tméti aaniaddizfyi kajpiv P v nddnekt s |ruTch
hal ucinac? (Hedgesovo g=0,514) (Tranulis et
Dal g2 metaanal Tzu publi koval ar oscee s200ndi. sJpeojl?

vn2 specificky anal yzovlaxihaceveéemhnt sHdMBownau sst
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kontrolovanlTch studi?2ch, pSilemg nal ezl S i

pozorovali dTlegitost individu8ln2ho zhodnoc
z2skanlTch pomoc?2 PETnNDnewr| en@Rlo a2 snt8as | esd i
neuronavigace kontrastu sn®n N pSesnlm zac2l en2m sti mu

mezin8rodn2ho syst®mu rozm2sthDn?2 elektrod 10
2009). Ve studii Hoffmana a kolektivuraku 2007by a t ot i g zj i gt Dna di sk
ktel€st i mul oval. navy8Kkiadm fHMRIgacem2sty, kte
stimulov8na za pougit2 vige zm2nhDn®ho syst ®i
Navadcalwy2 studisezgvbmil spommeracovnz2ky, ge

predominantn?2 aktiprigaw®npSiPChalacbphic? phowo

(Sommer et al., 2007).

Hned tSi met aanal T zy post upnDnichpwdre PORDO v al a
zaSadséedm randomi zovanich, s hamo vcelkem 889 i mul a

pacienty. Aktivn2z rrTMS byla signifikantnD Yl

effect size byl 0,54 (S| ot e maroke 2012aéhrnyla 201 0
cel kem sedmns8ct studi 2; jejich effect size |
rTMS ji g nepSertvsgval (al esproRsldeldenT ann asllTezdyo

trvaj2c?2m nej m®&nhND jeden mnDs 2 c) ( S| omuama et

Sl otemovg se svIimi spol upelakowlinm kyo |dteevnat &4 S
St Sedn2 v§genl =effect size byl 0,44 pro o\
sf armakorezistentn?mi sluchovT mi hat akShacer
totognl, dos§&ghl hodnoty 0, 45. Ne boyd | kzojviegt N
ovliivnhDn?2 z8vagnost. psych- zy. Jako nejl ep¢g
nz2zkofrekven]| n?z rTMS o frekvenci dn2Hzv &@dnrein

effect size dos§8hl hodnoty O0,63. Jin8 paradi
nebyla % innhDjg2 neg shamov8 stimulace. Autoc
zvlI 8gtnN o frekvenci 1 Hz c?2|®@ b8 nsad uoccbhloavsitc hl d
vietnhD tNDch farmakorezd4) st eeffterktcm2@zXlodtrerkas eat
na oblast | ev®ho TPC proku2xbdi Ha n2 gabgPomeas
studi 2 (Othani et al ., 201

Doporulzem28§8rMaln?2 f eder ace rkokiuni22kil®d nreeufrloef kytzu
studi 2 a vige wuvedenlTch metaanallz. Jejich

shamovou stimul aci kontrolovanlch studi 2, d
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de® t pacientT, kteS2 byl stimul ovg8ni nzzkof
|l ev®ho TPC. TNDchto | trn8cti studi ? se Y| ast
vysoce konsedwerszenedk ém s118 pacienty mnDI1 o

zbTvaj2cztehkemdm46 pacienty negativn?. Met a
pozitivn2 visledky (s effect size od 0,4 do
nz2zkofrekven| n?2 rTMS (o frekvencipolt eliz)i 8¢t h I

Yol it nnou | il na Yar ovni C (level C) . Ostatn
stimul al n2 m2 st a) nebyl o dl e autor T doport
(Lefaucheur et al ., 2014) . Aut oSi urdlo@m? ul
stimulaln2ho m2sta (m®nN pSesn® dle mezingroa
nebo pomoc?2 neuronavigace zohl edRuj 2 c? v
zobrazovacz2tpomet Rdj 2 al e, ge prozazpTmsonbel z ¢

by byl jednoznalnBhD % innhDjg2 (Lefaucheéur et
vDtgina studi? wugila intenzitu 90%i chgi bydto:
pougito intenzity vygg?2 neg? 11liMm® % eRIMM®. pbejiitdh
druh® negativn?z, Dl e autorT doporulen2z se t
efektivnhDj g2 (Lefaucheur et al ., 2014).

ObdobnhD jako autoSi vige uvedenTmMBvIn®|lzhh&r o

slucro v ch hal uci nac? [ aut oSi doporul enTch
Psychiatrickou s pomlcee|l n200s1t4?. LDOoSp ok IR vayight r TMS
vr 8§ mci 4 . kroku (po sel h8n2 monoterapie dviDn

monoterafe klozapinem) kaugmentaci antipsychotikcs2 | em zm2r ni t slucho
(Legkovsg et al. in Raboch et al ., 2014).

4723Repetitivn?

t nskramniaglgaTchmagnhnéeichk § 1
schizofrenie a v

r a
Thled do budoucna

L®| ba dalg?2ch symptomT, syndromT a komor bi
m®nN ovNSen§ BhHdrs20k6h aNNlkterma®.stiwmdi e se zamhRSi

schizofrenie. VIisledky jsou vgak§kanmewoaanaln
kter§8 zahrnula |tySi studie zkoumaj 2 c? ef ek
Vgechny | tySi studie zvolily za sp$Smpadlan
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negativn2ch pS2znakT.z8AulrouSi gneksraTghtSh F &kadilna o
z|l epgen? pracovn? pamiDti (Brunoni et Vande
publikovg&ny visledky velk® multicentrick®

schi zodominm@dj 2sc 2 mi negativn2miilpdd2gnak§zatu, |
vysokofrekven|n2z rTMS | ev®ho DLPFC mBDIl a sign
ve srovng8n2 s shamovo®a st OmakaevanDHasmaRoetn
doporulen? nezastg8vaj?2 kepoemahBmr DMS i ydn® <«
stejnhD postupuj? i aut oSi | eskTch doporul en
Raboch et al., 2014).

Pro Ypl nost je tSeba zm2nit ojedi nDlIl ® snat
skatatonn2m soynadbrsoemeamtmed kompul zi vn2zmi pS2z
pacientT se schizofreni? tak® vyskytuj ?. Byl
popisovala pougitRatratMSna mipapiSe ainekdyu a sct
pS2padechmédry§mmwo zragntal ® a dostateln® zlepgen
nedogl o ppE8dmM®MSz mMdInN (Trojak et alp$2 p2a0dlty ) .
obsedantnhD kompul zivn2ch pSRklwlak T p wb |piakco vegnnt
kazuisti cpg®i tsitwmddrmi svisledky, kter® vgak by
publi kovan§ pilotn2 st udi-Rlhoetl, 20130 MegdeRiliov n2 v |
et al., 2016).

Repetitivn?2 transkrani 8l n2 magnet ikdk§ 8§8s thiymu
mo h | a ovliivnit Kkomor bi dn?2 abusus/ z8vislost,
schizofreni 2, zv!| 8§gt Uv@akt o2Wiesd G p a miae nrtiTk
schizofreni?2 jsou pr-axidetel miedk &heoweat ®c d p
Diaz, 2005; Aubin et al., 2012 Celkem logicky pakidouhodo b8 studi e uks§
t Dchto pacientT objevuj?2 signifikantnhD | astHl
KromhD toho bylleok 8zvjaingst Mdnoob,a Tdeosge ts2c hjiez ouf rpeandiize
a kouSen2 bylo identifi kovuotheret @ k2014)v TPz vanrin 1
pilotn2 studie uipabERRoTImaje2 sxhefzoktr enTRMS ¢
Wi ngem a spolromgrea c200viMA. k yAdstpolXgin D apl i kovali

rTMS na oblast | ev®ho DLPFC. ZaSadili do n
schizoafektivn?2 poruchou, kteS2 byl moti vov
ijedn® byl a aplIMSk ovs§ mzaBmetrgsdi ivmaE | o vE§vnl bDdAIP F C,

frekvenc? 2090% mdivi d n8 IMMZpa PohNDhusedzxvamcztve |ty
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tTdpechiruh® byl a apl i I86e8b@psslheatmowysk su $ emull alc
oxi d uveeydeclon h®m vzduchu, Yir ov e R cr apva mmogcu? a &
dotazn?2KkT. Den D (tedy den, kdy mDI i pacient
tTdne stimulace.povVicsyeuwdeint oyt tpen2gecr avi ngu
s k u pJaknikodt Set B hme p S e patientikio uddifkidonavi gen2 cr av
shamov® sk wpiaralk,tvi( i\ khagl et al ., 2012) . Druh$§
vDt g2 m souboru pacientkla,pitel @oér 8bnRovodghbi
citovan8 mezin8rodn? dopougli ¢édaz r IMS s izav [I}]2e
cravingu a konzumace cigaretjfnen u paci ent T se schizofreni 2

Yol i nn®odnlbces?2m na Yrovni C (level C) (Lefau

St&§le jegtnN zTwotpgvdn§velRimu pryagHtioer k TMS u p
Faktory, kKt estuPi Desostispol MIByu schizofrenie, I
na klinick® faktomMWwiSa 2y BgktDosyismpj at ®2 mi g
in Shen 2016)

Kl'inick® faktory zahrnuj2 heter ojfe noivtlui vsRyomp
pomoc?2 r TMS, zvl §gtnD to plat?z pr &Gapwle@ddt i vn?2
Ke zlepgen2 visledkT aplikace rTMS je dTl eg
Toho by se mohlo dos8hnout epamacurmdl kst T ck
kdyg se spoj2 TMS (s jej?2 schopnostEEGmNSi t k
dal §g2 mi zobrazovac?2 mi met odami ( MRI , f MRI ,
spolupracovn?2ci popsal. £ 2 g nni ef g aktainvt m22¢c hk oar e tl
pS2znakT wu pacientT sgeamsmahipz8odm@my ¥ r an tr8d chi
tempor 8l nzm | aloku po cerebell 8rn2zm r TMS. A
state) wwroveR gamma p §s mablastech jdko markerSréspohse h  a
(Tikka et al.,, 2015). V i n® studi i Homan se spolupracovi
respond®ry od nonrespond®r T na rTMS pro sl uc
prTtoku elwr®me gywr us t empsotriamuilsa cup eAruitodr$ inp, Setdu d
ge mhNSen2? perf¥%ze pSed | ® bou by mohlo blt Kk
od nonrespond®r T na rr TWSecemHdamé&n seatudial . poRD
spol upr acovm?22g yd a&sstitgdriteTd, oswi nant n2 mi negati vn?2
byla aplikov8§na aktivn?2 vysoboftekecehkem d5NM
kontroln2 skupinhD pacientT (NEY39pebhwl paapknk
byl y kor elnv8&8mmbDnlyok §bj e mu mo z k u mbeSesin ® po
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morfometrie zs8e azymP@rsdami negativn2ch pS2znakT.
viev® hipokamps§gl n2, parahipokamp8l n2 a prec.t
pS2znakTi wn?), sluKion i kontrol nz2. Dal g?2 anal
vhegativn2ch pS2znac2ch (zlepgen? alespoR o

pri mgrn2 anallzb (Hasan et al., 2016

Opti mali zace stimul al n2ch par anfelta T stiemud al
(napS2klad mozelek nebo pSedn2 <cingulum), |
vybranou oblast (pomoc? stereotaktick® navig

c2vikhoubl e cone <coil nebo p8dbp&ondD TMSeci Sltn
frekvence (individu8ln2 frekvence), stimul a
cel kovl pol et stprmubd AN un 2pdhfeb BB evnciel ® | ®| by
stimulace), to vge je pSetimOtemzkom| aaJg@hesS:
pro novs8§ a inovativn?2 stimulaln?2 paradigmat.

kK1 i ni c ktérapiesthedfrenie (Ustohal et al. 8hen 2016).
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5. VYUGI TEé TRANSKRANI CLNE MAGNETI
VE VhZMU KORTI KCLNE | NHI BI CE U DEF
PORUCHY A SCHIZOFRENIE

5.1 Transkrani 8l n2 magnetick8 stimul ac
depresivn?2 poruchy a schizofrenie, efe

Koment §88S:

Tato recentn? pr8ce shrnuje dosavadn?2 poznae

poruchy a schizofrenie. Je zde definovs8na CI
inter neurony ovlivRuj2 |innost ostatngichnDjngeur
mar kery, pomoc?2 nichg je ClI mhRSenadl PahBMm me
pol ol asem (|l ong i nitLEER, WBR (respektivé jeho amplituda), RMTbai t i o n
ICF.Vdal g2 | §sti jsou rozebrunogboomu vimep ipsrdavSerzioc

prok8zaly narugen?2 CIl .nhKkSeesrtioc hj eajsipcetk twelcshl d dnk
je d8vs8§no dboetsemnmogeshmsmi soubory pacientT,
rozligen2 efektu vl asstpmay ndempdizoaojue yiki t Hhami

pr TbDhem onemocniDn?2) , | ® by (pacient. dosud
pacient. medi kament - znh | ®] en?2) a konel ni
nonrespond®Si |, r esrpexXitd tven tpna?c)i.e n¥3 c ef aoc ma & m

studie prTbhRDhov®, kter® se zamRSily zej m®na
t ®t o0 problematice je proto vhDnoeSeaatippsyechn
mohou mNDnidl eClnNiktogr jeeh autor T interpretov§n
jejich pTsobenz.

Ustohal, Libor. Tr anskr ani 8| n?2 magnetick8 stimul ace
depresi vn? poruchy a s c @aeskamfSloeenskaeNeurotodiee & t ar
Neurochirurgie2017, in press

IF=0,209
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Souhrn

Transkrani 8l n2 magnetick§ stimulace umogRuj e
neuropsychiatricklch poruch, vlietnhD depresiyv
|l ze definovat |jako ne(umiok olzii op atgd lckd i ankelc)h,a nji

interneurony ovlivRuj2 Jinnost ostatn2ch neu
korti k8l n2 inhibice jsou kortik8ln2 tich8 pe
korti k8l n2 inhibiamplsi didahmmt omit ek @®md eenvoko
klidovl motorickl pr8&8h a intrakortik8ln2 fac
zm2nNnlch poruch je kortik8ln2 inhibice naru

studi 2 | zeé wesvM@tnleimt aj @¢jaika® pS21i g heterogenr
rozligit vliastn? efekt nemoci a jej?2 | ® by.
studie zamhNRSen® na vliv antipsychotiyk na kor
konzistentnD ukazuj?2 nejen na jej?2 narugens?
antipsychotik korti k8l n2z inhibici mbDnit, cog
mechani smus % inku tRchto | ®T. Dle nhRkterTec
transk ani 8l n2 magnetick® stimulace o patofyziol
schizofrenie a mechani smech % inku poug2van®
| §stelnhN) na novich z8kladech, kterou pak nh

(neuron8ln2zch) okruz?2ch.

Kl 2] ov8 slova: korti k8l n2 inhibice, transkra

schizofrenie, antipsychotika

Transcranial magnetic stimulation in the research of cortical inhibition in depressive disorder

and schizphrenia, the effect of antipsychotics
Summary

Transcranial magnetic stimulation makes possible to study cortical inhibition in various
neuropsychiatric disorders including depressive disorder and schizophrenia. Cortical
inhibition can be defined as a nephysiological mechanism (not pathological), by which

GABAergic interneurons influence the activity of other neurons. The most often studied
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cortical inhibition parameters include cortical silent period, simberval cortical inhibition,
longrinterval cotical inhibition, amplitude of moteevoked potential, resting motor

threshold, and intracortical facilitation. Published cresstional studies suggest the

impairment of cortical inhibition in both above mentioned mental disorders. Some

inconsistent redts in these crossectional studies can be explained by their design and by
heterogeneous samples of patients. It causes difficulties to determine the effect of the disorder
and the effect of the treatment. This problem is possible to resolve with peospéctive
longitudinal studies aimed to the effect of selected antipsychotics on cortical inhibition in
schizophrenia. They confirm the impairment of cortical inhibition and they find the potential

of antipsychotics to change this impairment. Some rekees suppose this potential to be a

new discovered mechanism of action. Some researchers also suppose that new data found by
transcranial magnetic stimulation about the pathophysiology and treatment of (not only)
depressive disorder and schizophrenia (dptially) rebuild psychiatry on new grounds,

sometimes called CircuBased Psychiatry.

Key words: cortical inhibition, transcranial magnetic stimulation, depressive disorder,

schizophrenia, antipsychotics
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Pvod

Transkrani 8ltn2murmhagree t(iTAMSY g e neinvazivn?2 ne
vyug2vsg promRDnn®ho magnetick®ho pole aplikov
vyvol §n2 elektrickich proudT v mozku. Jedns§
vyug2vanou metdbeéupokygetd& m8pveklinick®m vizk
kliniceia to jak v diagnostice, tak i v terapi:.

el ektromyografi? (EMG) k hodnocen? patologic
Sspojen2 s nje wkr onmagpvoivganc?? kto® t exu pSed neurochi

terapii se osviDd|lila zejm®na v | ® bnN depresi

TMS od sv®ho pSedstaven? v roce 1985 umogRu

excitabilita, inhibillndsta reexwridam§lInrtz moe cvheadd rs
neuroplasticita. T2m n8m zvl 8gtND ve spojen?
el ektroencefal ografie, magnetick8 rezonance

studovat afektivn2z, béma&8viokr &lhry2 4 2lmggriatl iesIp
pom&8§h8 budovat psychiatrii na novlelhoneg §kl ade

nazlvaj?2 psychiatri?2 zal o¢ e-BasadPsychiaty)fléd ur on §1 n

Korti k&8l n2 inhibiée a zpTsoby jej2ho mhRSen

Kyselinagamaa mi nom8sel n8 ( GABA) je hlavn2 inhibi/|
je spolu s glutam8tem z8sadnhD dTlegitl pro m
[4-6] . Samotnou korti k8l inCllze defirovah jako i (cortical
neurofyziologickl mechanismus (nikoli patolo
ovliivRuj2 Jinnost ostatn2ch neuronT, respekt
| 8sti mozku a #®lervov® soustavy [ 6

K mhRSen2 CIl ae jpeojwgh?ov 8n aprruggvem 2T MS a t e konkr G
pul se) neboppBsey8&8s{pmult aidieMS(seppobufgivd?2zagMs
vige uvedenTm terapeutickim %l el Tm, pSedevg?
Sada par adaingincaht kv ymgPewnm2 Cl, kter§ | ze dnl it

pougit® stimulace na paradi gmata mhRSen§ jedn
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Mezi inhibiln2 paradigmata mRSen§ jednopul s
(cortical slentperiodf CSP) , Kk i nhibiln?2?m paradigmatTm mD:
korti k&8l n2 inhi bi c e-intervakcorical kHibitiorii SiCf)as val em ( s h
dl ouhT m i n t-istervaladrteaninhibitiooi iLIg!) [6,9].

K excitatlingmapdm mNRSenTm jednopul sovou stim
mot ori ck®ho evokovan®ho potenci 8l u (MEP) a Kk
threshold RMT) , k excitaln2m paradigmatTm zjigSov
intrakorti k8l n?2alfdciatationi ICR)®8]e (i ntracortic

MNSen2 CSP je provs§dhDno aplikac?2 nadprahov®
kortexu za soulasn® voln?2 svalov® aktivity,
potlalen?2 tonick® svalov® aktivity.d I@llkia ktuo
MEP do n8vratu baz8ln2 EMG aktivity, je m2ro
se, ge CSP je vyj&§dSen2m inhibilIp aktivity

MNDSen2 SICIl je provg§§dNDno apli kaog TMSpuspr ahov
pSedch8zej2c2ho e nnkolniakd pmialhiosvelk utneds t(olvac?2
amplituda vyvolan®ho MEP, kter§ by mRla bilt
SI'Cl mnRS$S2 inhibiln2 aktivitlZ. medi ovanou GABA

MRSen2 LICI je obdobn® jako v pS2padn SICl,
pul su se poug2vs§ nadprahovi, n8sledovanl rov
del g2m | asov®m intervalu (nap$. 100 ms), cog
jako v pS2padh CSP se pSedpokl| §d8§8, ge LICI |je
GABARB receptory [6,181].

MEP je definov8n jako cel kov8 reakce perife
obl ast? kontral ater 8l n2ho noM® r[i9c, k2GPh]o. KkFOMTt ejxt

definov8n jako minim8In2 intenzita TMS, kter
neg 50 eV v phRDti z deseti pokusT. RMT refl ek
excitabilitu kortikokorti k8l T2chat¥%maod, NMPAa

asociovan8 neurotransmise a GABAergn? mechan
[6,9,23,24].

MNRSen2 | CF je provg&8dhDno podobnnD jako v pS2p

je n8sledovs&n nadprahovim tesbo@®@mc? mt puvakm,
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ms, popS2padhD jegtnN delg2m. To na rozd?2l od
se vygg?2 amplitudou MEP. PSedpokl|l §d§ se, ge
neurotransmis? [6,9,24,25].

Korti k8§lw2demhe iivm?2 poruchy a schizofrenie

Korti k8l n2 inhibice a jej?2 narugen?2 je VvV po
depresivn?2 poruchy a schizofrenie. PSedpokl! §
patofyziologii tDchtep @2nezmoacindlntzi, o nt2a kmdhyl yn

pSesnNj g2 diagnostice a tak® %%l innhRjg2 terap

Korti k8l n2 inhibice u depresivn?2 poruchy

Radhuovg et al. zjistili ve sv® metaanallze
signi fzikkragnctennth CSP (na z8kladhn anallzy |tyS$S
ve srovng§n2 se 149 zdr &WIllmi Sk gmti fadlkamit)n N( tsal
zjigtNDn2 u t®to skupiny pacient Thcelke811&8&1 ( na
depresivn2ch pacientT ve sr o0+288lapfotiteres 130 zdr
Radhuovg8 et al. zjistili, ge u pacientT s de
uda MEP (na z8kladh anmaémegni &h at8di 2
zdravich k®2ftroRQviBg3&ni RMT nen2 dle jejic
odlignl
srovngn2 se 188 =z d-28B0,318B 5k onjSaked avdip S? pba 2B a
MEP a RMT nebyla v jejich metaanallze zjigth

ampl it

(na z8kladnD anallzy osmi studi? zahr

analTzy tS2 studi?2 zahrnuj2c2ch celkem 115 p

~

zdr av Il mi kor8lrolami) [6, 26

Z obdobnTch studi?2 vych8zel i pSehled Bunse
spolupracovn2ky upozorRuj2 na urlitou inkonz
soubor T, kdy prvn2 studie s medi kovanT mi dep
[ 9, 29] . Naproti tomu pozdRj g2 studie uk8zal a
poruchou zkr8cenou CSP i SIClI jako dTkaz kor
al. z roku 2010 zaSazen§ do metaandtav® Radh
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kontroly, euthymn?2 (bezpS2znakov®) medi kovan
epizodou/ epizodami, nemedi kovan® pacienty s
pacienty s depresivn?2 poruchou. Vgechny tyto
zdravi mi kontrol ami zkr8cenou CSP. Pouze na
zdravimi kontrolami sn2genou SIClI a zvigenl
RMT i ve srovn8n2 s ostatn?2mi p@eds& upmh@enn oy
excitabilitu front8ln2ho kortexu [9,28]. Ve
mozkovIl mi hemi sf ®r a mi u pacientT s depresivn
hemi sf®ru), pomoc? p8rov®adtiilmualaad e viwy Ihae ma jsif
zdravich kontrol rozd?ly mezi hemi sf ®r ami ne
paci nNt T s depresivn2 poruchou byl zjigtDn i

e
narugen?2 inhibiln2ch (ICCGP) ©H&€tagsT exlcev@| mé
n

srovn8§n2 s pravou hemi sf®rou i ve srovn8n2 s
zjigthDno, ¢ge zmNDny ClI mohou n8sledovat u dep
neur omodul al n2ch tokommwiuk .zi AmI2i Kaeaea peleelstproj er
Hz nebo rTMS o frekvenci 10 Hz c21l en8 na | ev
depresivn2 poruchou ke klinick®mu zl epgenz a
kortexu, ¢ odgeni2ndpioknorawv OMERy Tkgun 2MyenT mot ori ck |
CSP a redukovan8g SIClI [9,36,37].

Korti k8l n2 inhibice u schizofrenie

U schizofrenie Radhuovs8 et al. nezjistili v

poruchy) signifi E8Rton2paoizddatTme zdravich ko
studi 2 zahrnuj2c2ch celkem 334 nemo4shlich a 4
Naopak SI CI byla dle jejich zjigthRDn2 sn2gens§
zjigtnNnodN nanal§kdya 12 studi 2 zahrnuj2c2ch 335
kontrolami) [6,8,10,39%13,4650] . Ampl i tuda MEP u pacientT se
met aanallzy Radhuov® et al. signifikantnh od
depesi vn2 poruchy: zjigthRno na z8kladnN anallz
zdravich kontrol) [6,30,31, 45]dniltdhnebyTot ®§ c o
obdobnhD jako v pS2padhD depresivn?2 garendRy asi
zdravich kontrol (na z8kladhD anallzy 21 stud
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zdravich kontr o044244%,58,51 0, XK0,nxl ,n33 ,and u I CF
met aanal Tze Radhuov® et al . sirgenniif2i kaa nztdnr2a vrior
kontrolami (na z8kladhn anallzy 11 studi? s 3
[6,8,10,3943,46,47,49,50].

Tak® v pS2padhD schizofrenie Bunse et al. up
jednotlivich pfaupadD kokeot®ojsowemoecnhNDn2 jegth

poruchy. Vcelku jednoznalnim visledkem je si
O narugen® GABAergn?2 transmisi u schizofreni
nal ®z8no ABArugeda<Tt hGi nterneuronT; Vv postmorte
dekarboxyl 8zy kyseliny glutamov® 67 ( GADG67)

sn2gen?2 poltu GABAergn2ch interneuronT v r Tz

9566 3] . &NpSép@d2|l nich visledkT pSi mhRSen2 CSF

heterogennost studovanich souborT co se tl] e
ver sus pacient. chronicky nemocm2) ve tlak® doda
ni kdy neug?2vaj2c?2 psychofarmaka, nemedi kovan
antipsychotiky) [9]. To do znaln® m2ry plat?
kter§8 ug v metaanallze Radhuov® leat aalk.t ear8i ng
rTzn® parametry Cl u pacientT s kr8tkim trvs§
vyl ogenhD u pacientT s prvn2mi epizodami), <ch
dobrovoln2kT. AutoSi zji st iulgienraoad placi eh®ITc e
trvé&n2m onemocnhDn2 ve srovngn2 se zdravl mi k
pr TbDhem schizofrenie. Pokud byli srovn8ni v
nich zjigthDno sn2gdgen?2 SICl a naopak prodl oug

PodobnhN jako v pS2padh depresivn2 poruchy m

psychofar maka, al e i neinvazivn2 neuromodul a
jak bylo alespoR pops8&§no v pilJlotn2 studii PS
Ef ekt antipsychoti k na korti k8l n2z inhibici

Jig bylo zm2nDno, ¢ge jist® inkonzistence ve
u depresivn?2 poruchy a jegtnD viraznDji u sch
onemocniNDn?2 a ¢egpdlyvhafeamealk k,a me zi nimi g za

46



antipsychotika (AP). Jedn8 se zejm®na o ta n
Il 1. generace. Nepoug?2vaj?2 se jen v | ® bhD sch
jako jsou bipc8 r n2 afektivn?2 porucha a depresivn?2 po
SazenlTch mezi neur &ktoimpki® zji avkn@ jpeo r aulcshead anretbron ¢
Zzapomenout nelze ani na jejich poug2vs8§n2z u o
pSedemi neyy&®&m psychiatry. Toto girok® ug2vsgn?:
posledn2ch | etech |Jeln2 pSedstavitel ® neurop
nomenkl aturou psychofarmak opoudgt Djtedyena tr adi
antipsychoti ka, antidepresiva, anxiolytika,

pod oznalen2m nomenkl atur a z abhsedNomedclatuiz neur o

NbN; v2ce 0o n2 wviz [66]; v |legtinnD pak viz |
Nejv2cekpumap3ic2ch efekt AP na ClI, bylo zam
cog bylo d&no nejsp2ge t2m, ¢ge prvn2 prTSezo

visledky. V jedn® z tRchto prTSezovich studi
vgaku et al. zjistili, ge nemedi kovan?2 pacie
kl ozapin (atypick® AP povagovan® za nej %l inn
t Set2 volby)im®l $r C6PEN2jsepeéAPntyzdgavhmeec

kontrol ami . KromhD toho byla tak® zjigtBhDna ne
negati vn?2mi pS2znaky schizofrenie (k nimg pa
soci 81 n2 stagen2, anhedonie a dalg?2) [8].

Urlitou mgethodbge zm2nNDnich studi2 zahrnut
al. i pSehledu Bunseho et al. a tak® studie

studie prTSezov®, takge nebyly ide8ln2 k wur]|
zmhbDenl8 CI. K tomu mohou | ®pe poslougit prospe!
zaSazeni pacienti s prvn?2 epizodou schizofre
kterTm budou parametry Cl zmRSeny pSka zahS§|j
designovan® pilotn?2 pr8ci z roku 2009 =zjisti
dosud neug?2vaj2c?2ho pacienta s prvn2 epizodo
podskupiny antagonistT seroton)i,nodvoligciho ak dop a
viznamn®mu prodlougen2 CSP doprov§zen®mu t ak

se viznamnhD nezmDni l [ 68] .
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Prvn2 rozs8hlejg2 studie byla publikov8na o
celkem 24 psychoealimakpadosnd Tnel rvn2 epizo
(byla pSedpokl §8d§8§na schizofrenie). PSed zah§

jej2ho pod&vs&n2 zmnRDSili parametry CI. K | ® b
tzv. multireceptoro® ant agoni sty (MARTA). Zjistili, ge
signifikantn2mu prodlougen2 CSP, ostatn?2 par
doglo i k signifikantn2mu zm2rnhDn2 z8vagnost
nekorelovals e zmRDnou CSP. AutoSi pr 8ci uzavza2raj?2 ¢
AP, aby se potvrdilo, ¢ge zmBDna ClI je vlastn?
Druh8 studie s vel mi podobnim designem, avg
Ustohalemetla. Aut oSi do n2? -zaiSwaipacicedtkems 1Br Wma

schizofrenie, u kterTch pSed | ® bou a po |ty
parametry Cl (po |tySech tTdnech byly z2sk§n

RMT. KN &@volili atypick® AP risperidon n8l e¢
Frank zjistili, ge po | ® bhD doglo k signifiKk
nezmDnila. V dTsledku pod8vsg§n?2 risperidonu d
z8vagnyacshtoipapso |l ogi e, korelace mezi zmDnou CSF

nalezena [16].

TSet2 podobnou longitudingln2 studii publik
psychofarmaky dosud nel ® en® pepacierdyrse y S pr vn
schizofreni2, kteS$S2 mnDIi bit pSev&§dhDni z nnNj
dosavadn? | ® by) na klozapin. ZaSazeno byl o
jednoho ug2vali nNjak® psychof gpsychafdenakn ( 14 z
ug2val jen thymostabiliz®ry valpros8t a | ithi
zmNSeny parametry Cl a pak po gesti tldnech

pacientT) a ophDt jegthD pobygeytiz2mREShy?2 okd el
Po gesti tTdnech | ® by klozapinem bylo zjigt

rozmez2 gesti tTdnT a gest.i mNRDs2cT | ® by Kkl o
uzavSeli s t2m, giet ydeijn &lhn 2p rsotswpdeiket i wkn®z d loan gs
kl ozapinem a GABAB mediovanou inhibiln2 neur

potenciace t®t o GABAB mediovan® neurotransmi
neurotransmiterovim mechaniosgéem, aktak® || ®| oy
schizofrenie AP [12].

48



A dosavadn2 vIzkumy

dala vysvDtlit |1 superi
vysvDtlitiweld®lkih®wukP
d®l ku CSP, tud?2g
takto pTsob?2
cl,

epigenetickIlch

a ovl i
viraznnji
zmBbDny

studi 2ch

Podobn® prospektivn?
depresi vn?
ve s
de

Naps§.
vaskul 8r n?2
mpD1 i
ng8lezy ji
kontrol 8m CSP
antidepresi\ AD) AP
psychofar maky
cl,
byl o
| CF,
dal ¢g?2

jen nepS2 mo.
poruchou,
depr esoirvunczh o u
kontrastu s ni
zkr 8cenou
a
medi kace
AD mohou
pod § n 2

i nhi

ovliivnit
Kkl omi praminu
bice

a sn2gen?

byl o dosageno i v

Z8vDDr

Studi um CI
pSingg?
| ®p

mo d

a jej?ho
nov® poznatky Kk
e umogRuje pochopit

psychi
(neuron8l n2
a k

e u

ern2ho pojet?

z al
psy
stu
ug
sch

ogen® na
chof ar mak
di u CI

ukazuj?

zng8mou |
a dal g2ch n
pilotn2 pr8c
izofreni e,

nNnlch

Vv nichg s

Z m?2 dugevn2ch por

49

(mini m§l nhD quetiapin

vgak §pnd oz ato?Jm ®n evrys v Nt | en?

l ongi tuding§l n?2

pok udih®pozinei soNa

oproti

(quetiapin

avgak

narugen?

jim alespoR prozat2m d§

orita Y innost.i kl oz a
a
GABAB mediovano
PSesnl f
hl ed

] e

VRuUj 2

neg ostatnz2,

Il ze
bTt

, to vgak-Tfjus?

studi e,
AP u depre
2013

zdravi mi

viiv

tudi i z roku Sro

pres?2 a kont

dvhlma zblTvaj2c2m sl
c h

(vi z

studi 2 u depresivn

vige). Vgichni
P
sam
zpT
zv 1
ME P

kl omi pramin

nebo ol anzapin).

a zdrav® kontroly
patrnhD jinlm
zjigthNDno
kdegto

dol asn®
amplituda

studi i S

pomoc? TMS pro

t Dcht

psyc
apli kovan®
tak® p
kl att zrea pSal oge
ch

et

patofy
ch

e |

ziologii
ov ! i kady)n 2

ako

j ej i
atri
c h)

0

okruz2ch a

nomen

rons8l n? fenom®nT ol

Suna al v pS2pa

ez apmreSfirl a n tn&l ns2pheoc i kf ai |
ch [78,14]. MRSen2 C



di agnosti ku, jak ukazuje recentn?2 prs8ce popi

mel ancholickou a nedifer enktoov asntouud ide pnride sii wng?i

depresivn?2 pacienti zkr8cenou CSP oproti zdr
mPDIi ve srovn8n?2 s ostatn?2mi depresivnz?2mi ne
[ 79] . Nav2c mhRSen2 Cakobyn@mohi oj bptediykgetees
ukazuje studie, v n2g bylo zjigthDno, ¢ge nonr

viraznnj g2 deficit LICI neg budouc?2 respond®
TMS odhalit pacienty srezistem 2 depresi vn2 poruchou, u nich

ideac?2 po magnetick® konvul zivn2 terapi.i [ 78

5C



Tab. 1. PSehled zmRny nejviznamnij g2ch
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Abstract Transcranial magnetic stimulation is a neurophysiological method which enables
direct gquantitative in vive assessment of cortical excitability and inhibition. The
aim of the study was to assess the impact of paliperidone on the motor threshold
and cortical silent period, in a drug-naive patient, with first episode schizophrenia
using this technique. Paliperidone monotherapy caused a significant reduction
of severity of schizophrenic symptomatology in the patient. At the same time, a
significant prolongation of the cortical silent period, from 118.68 ms before to
185.13 ms after therapy, occurred. Because the cortical silent period is a function
of GABAg receptors, we can assume that paliperidone may have the ability to

enhance GABAp receptor-mediated neurotransmission.

INTRODUCTION

Transcranial magnetic stimulation (TMS) is a nea-
rophysiological method that can non-invasively
affect brain activity (Barker ef al. 1985). It induces
electric currents in the brain cortex by means of a
time-variable magnetic field (Barker ef al. 1987).
Using special application protocols, TMS can pro-
vide diagnostic and qualitative measurements of
specific neurophysiological brain parameters such
as intracortical excitation and inhibition {Pascual-
Leone ef al. 2002), mapping cortical representation
of motor, sensory or cognitive functions (Waser-
mann 1998) or investigation of functional brain
connectivity (Hoffman ef al. 2007) possible.

The studies to evaluate pathophysiological
mechanisms in schizophrenia often focus specifi-
cally on cortical excitability and inhibition. They
are based on the view that the characteristic symp-
toms of schizophrenia, such as auditory hallucina-
tions, delusions or a concept of negative symptoms

or cognitive deficits, reflect “activation™ or “inhibi-
tion™ of the relevant brain areas or an imbalance
of their mutual neuronal connections and circuits.
These hypotheses are supported by findings of
functional neuroimaging methods. Functional
magnetic resonance (IMRI) has found that aodi-
tory hallucinations are associated with activation
of neuronal cortical and subcortical network areas
including Broca’s area and the bilateral temporal
cortex (Shergill ef al. 2000). Studies with single
photon emission tomography (SPECT) have found
increased perfusion of the left temporal cortex, an
area which has been related to delusions (Puri ef
al. 2001). Results from electrophysiological stud-
ies have found that the cerebral cortex, in patients
with schizophrenia, is less capable or unable to
manage its responses to stimuli, which supports
the hypothesis of impaired cortical inhibition or
facilitation {Alder ef al. 1982; Swerdlow and Koob
1987).
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The principle of impaired dynamics of the cerebral
cortex in schizophrenia has not been satisfactorily clari-
fied. In vivo receptor studies (SPECT) have documented
a negative correlation between the occupancy of ben-
zodiazepine receptors and the positive symptoms of
schizophrenia (Busatto ef al 1997). Due to the fact that
occupancy of benzodiazepine receptors corresponds to
the functional status of the type A subunit of the gam-
mabutyric acid {GABA,) inhibition receptor, we can
assume that the brain inhibition system in schizophre-
nia is impaired. In accordance with this finding, post-
mortem studies have found a reduced number of GABA
neurons in the brain cortex of schizophrenic patients
compared to controls or patients with depression (Volk
et al. 2002). Because GABA neurons have a significant
position among the brains inhibition interneurons, it is
clear that schizophrenia is characterized by impairment
of the cortical inhibition.

Transcranial magnetic stimulation (TMS) is a neu-
rophysiological noninvasive method which enables
direct guantitative assessment of cortical excitability
and inhibition in vive. Because of technical limitations
of the chosen method, it was only possible to target the
investigation on the area of the motor cortex. However,
the functional alterations of cortical dynamics which
reflect typical symptoms of schizophrenia, such as audi-
tory hallucinations or delusions may also be general-
ized in the area of the motor cortex. Therefore TMS is
a very useful neurophysiological technique which can
detect qualitative and quantitative pathophysiological
alterations of the brain in schizophrenia through mea-
surements of motor threshold, pair pulse inhibition or
facilitation, and induction of the cortical silent period
(CSP).

The aim of the study was to assess the impact of pali-
peridone on motor threshelds and the cortical silent
period, in a drog-naive, first episode schizophrenia
patient and to evaluate changes associated with 28-days
of monotherapy with this particular antipsychotic
agent.

METHODOLOGY

Clinical characteristics

A male-patient with a diagnosis of schizophrenia
according to the DSM-IV (American Psychiatric
Association 1994) was included in the study (W = 1).
It was the patient’s first episode of schizophrenia and
the patient had never received any antipsychotic agents
prior to study participation. The diagnosis was con-
firmed by two experienced psychiatrists. The patient
had a nepative urine toxicological examination and
underwent neurological examination and brain MRI
with negative findings. The absence of somatic diseases
was confirmed with a standard clinical examination.
The patient was right-handed, per the Edinburgh Hand-
edness Inventory (Oldfield 1971). Prior to inclusion in
the study and 28 days after paliperidone monotherapy,

Paliperidon mediated modification of cortical inhibition

his clinical status was assessed using the Positive and
MNegative Syndrome Scale (PANSS) (Kay ef al. 1987);
TMS measurements were performed at the same time.
The study was approved by the local ethics committee
and complies with the requirements of the Dedaration
of Helsinki. The patient signed an informed consent
prior to participation in the study.

Experimental TMS protocol

For TMS measurements, two magnetic stimulators
(Magstim 200) were used which were interconnected
using a Bistimu module {Magstim, Dyfed, UK) and a
figure-eight stimulation coil with a diameter of 70 mm.
The stimulation coil was placed on the surface of the
patient’s head, relative to the motor cortex of the left
brain hemisphere, and oriented in such a way as to
produce motor evoked potentials (MEP) of maximum
peak to peak amplitude on the contralateral target
muscle {musculus abductor digiti minimi). The opti-
mal position of the stimulation coil was defined and
fixed using recommended standards {Rossini & Rossi
1998). The stimulation coil, which was attached to the
scalp, was directed occipitally and it formed an angle
of approximately 45 degrees relative to the sagittal axis
(i.e. approximately at a right angle to the central sulcus)
(Brasil-Meto ef al. 1992). With the stimulation coil in
this position, the induced electrical current spread in an
anteromedial to posteriolateral direction, approximately
perpendicular to the direction of the central sulcus and
preferentially activated transsynaptic corticospinal neu-
rons (Werhahn ef al. 1994).

Determination of the motor threshold (MT)

Motor thresholds (MTs) were registered using electro-
myography (EMG) on the musculus abductor digiti
minimi lat. dx. MT was defined as the lowest stimula-
tion activity, which out of 10 single impulses, caused at
least 5 motor potentials with a peak to peak amplitude
of at least 50 pV. The interval between the single stimu-
lation thresholds was at least 10 seconds; this was done
to reliably exclude possible effects of subsequent TMS
stimuli on corticospinal excitability (Chen ef al. 1997).
During determinations of MTs, the target muscle had
to have been completely relaxed for a period of at least
104 ms before stimulation was initiated. Application of
TMS pulses were initiated with a stimulation intensity
of 90% of the maximum device output and gradually
reduced, in 2% increments, until a stimulation inten-
sity capable of producing at least 5 out of 10 MEPs with
peak to peak amplitudes of at least 50 vV was achieved.
The EMG recording was registered on a EMG (Medelec
Synergy) using a pair of superficial electrodes attached
to the ball and tendon of musculus abductor digiti
minimi of the right hand by means of medical adhesive
tape. The ground-electrode was placed on the wrist of
the same hand.
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Measurement of the induced cortical silent
period (CSP)

The induced cortical silent period was acquired using
the application of single TMS pulses above the area of
the motor cortex with an intensity of 150% of the rest
MT of the musculus abductor digiti minimi during a
willful, weak tonic contraction. Duration of the CSP
was defined as a time between the initiation of MEP
and return of willful EMG activity. This is referred to as
the absolute CSP and is ended by any deviation of the
EMG wave (Wu ef al. 2000). In total, ten measurements
were performed and then the CSP was acquired using
automatic analysis performed with EMG Medelec Syn-
ergy software.

RESULTS

The subject of the study was a 24-year-old male who
was diagnosed with first episode paranoid schizophre-
nia and had been admitted to the Psychiatric clinic,
Faculty of Medicine, Masaryk University, Brono, Czech
Republic. He had had mental problems for the previ-
ous six months. The patient had never been treated
by a psychiatrist before and he had never used antip-
sychotic drugs or any other psychopharmaceuticals.
After his diagnosis was confirmed he was given pali-
peridone, as a monotherapy, at an initial dose of 3 mg
with subsequent incremental increases of 3 mg per day
for three days until the final daily dose of 12 mg per
day was achieved. Before initiation of antipsychotic
therapy, the total PANSS score was 101 {positive sub-
scale PANSS 26, negative subscale PANSS 28), the total
PANSS score, after 28 days of therapy, fell to &5 (posi-
tive subscale PANSS 13, nepative subscale PANSS 22)
representing an overall reduction of 36% (50% relative
to the positive subscale PANSS and 21% for the nega-
tive subscale PANSS). Individual rest MT before the
therapy was 38%, the average CSP latency achieved was
118.68 ms, median 117.15 ms (5D = 16.84). Individual
rest MTs after therapy was 36%, the average CSP latency
achieved was 185.13 ms, median 18495 ms (5D =
10.36). Mo other undesirable effects including extrapy-
ramidal effects were seen during the therapy and TMS
measurements were without complications.

DISCUSSION

Paliperidone monotherapy caused a significant reduc-
tion in the severity of schizophrenic symptomatology in
a patient presenting with first episode paranoid schizo-
phrenia. A significant prolongation of the CSP interval
occurred at the same time. This can be interpreted asan
adjustment of cortical inhibition, which is impaired in
schizophrenia (Daskalakis et al. 2002). CSP is thought
to reflect the degree of inhibitory mechanisms mainly
within the cortical-striatal-pallidal-thalamic-cortical
loop (Moll ef al. 2006) and changes in thalamocorti-

cal modulation (Faig & Busse 1996; Munchau ef al
2002). A prolongation of the CSP has been reported in
healthy controls after intake of quetiapine (Langguth ef
al. 2008). Similar to patients with schizophrenia, pro-
longation of CSP duration was documented in patients
with Tourettes disorder under neuroleptic treatment
{Ziemann ef al. 1997). Also based on the findings, that
medicated schizophrenic patients have a higher CSP
than unmedicated patients (Daskalakis et al. 200Z;
Fitzgerald et al. 2002), it has already been repeatedly
suggested that the lengthening of CSP may reflect part
of the antipsychotic properties of neuroleptic agents.
Reduced CSP duration is a marker of impaired cortical
inhibition. The CSP duration is invariably found to be
shortened in patients with schizophrenia either without
or with the use of antipsychotics compared to controls
(Fitzgerald ef al. 2002). Antipsychotic therapy extends
the CSP and therefore causes changes in abnormal cor-
tical inhibition processes (Daskalakis ef al. 2002).

A deficit of cortical inhibition in schizophrenia
reflects the pathology of the cortical and subcorti-
cal brain areas. Abnormalities of motor functions in
schizophrenia result from increased activity of subcor-
tical dopaminergic neurons which cause disinhibition
of cortical inhibitory neurotransmissions {Walker ef al.
1994). It is assumed that a reduced number of GABA
interneurons in the prefrontal cortex, anterior cingu-
lum and hippocampus cause the deficit of inhibitory
functions in schizophrenia (Benes ef al. 1999). Inhi-
bition deficits of sensomotor gating also results from
excessive activation of subcortical dopaminergic neu-
rotransmission, which leads to reduced activation of
cortical inhibition pathways (Swerdlow & Koob 1987).
However, in schizophrenia, it is not clear whether a
single impaired inhibitory mechanism reflects the frac-
tional brain pathologies or if they are part of a more
uniform deficit of inhibitory brain mechanisms.

Patients with schizophrenia whe are taking antipsy-
chotics have generally longer CSPs than patients not on
medication. While olanzapine or cdlozapine cause pro-
longation of cortical inhibition in patients with schizo-
phrenia (Boroojerdi ef all 1999), haloperidol caused
reduction of cortical inhibition in healthy volunteers.
A possible explanation is differences in dopaminergic
tone between schizophrenic patients and healthy vol-
unteers (Laruelle ef al 1996).

It is known from neurophysiological studies that
the CSP is a function of GABAg receptors. These are
metabotropic receptors which increase potassium con-
centrations and lead to hyperpolarization of postsyn-
aptic neurons (Franek 2004). Based on our results, it
can be assumed that, as with clozapine, paliperiodne
can enhance GABAp receptor-mediated neurotrans-
mission as well. Clozapine increases suppression of the
P50 wave which provides evidence of potentiation of
GABAp receptors by clozapine. Inhibition of the P50
wave is mediated by GABAg receptors on glutamate
terminations (Freedman ef al. 2000). Prolongation of
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the CSP by influencing GABA neurolransmission, is
not only a property of clozapine but possibly of pali-
peridone as well.

The main concern of our result there is limited data
from only one single subject. So it is very difficult to
draw general conclusion. It is well known that the corti-
cal silent period may be influenced by several unspe-
cific confounding factors. Thus the observed result can
be related to the antipsychotic effect, but it can also be
due to unspecific confounding factors, or it can be a
side effect of the drug unrelated to antipsychotic effi-
cacy. These issues should be resolved by investigating a
larger patient sample in futher studies.

CONCLUSION

Paliperidone produced a therapeutic response in a
patient with first episode schizophrenia with a sub-
sequent change of impaired cortical inhibition, as
expressed by prolongation of the CSP interval. Pali-
peridone can therefore be assumed to enhance GABAg
receptors-mediated neurotransmission.
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Abstract

Objectives: Schizophrenia is accompanied by impaired cortical inhibition, as measured by several markers including the cortical silent period (C5P).
It is thought that (5P measures gamma-aminabutyric acid receptors B (GABAg) mediated inhibitory activity. But the mutual rles of schizophrenia as
a disease and the drugs used for the treatment of psychosis on GABA mediated neurotransmission are not clear.

Methods: We recruited 13 drug-naive patients with first-episode schizophrenia. We used transoamial magnetic stimulation to assess (5P prior to
initiating risparidone monotherapy and again four weeks later. At the same time, we rated the severity of psychopathology using the Positive and
Negative Syndrome Scale (PANSS).

Results: We obtained data from 12 patients who showed a significant increase in (5P, from 134.20441.81 ms to 162.95+61.98 ms (p=0.041; Cohen’s
d=i.544). After the treatment, the PANSS total score was significantly lower, as were the individual subscores (ped.05). However, no correlation was
found between ACSP and APANSS.

Conclusion: Our study in patients with first-episode schizophrenia demaonstrated an association between risperidone monotherapy and an increase in

GABAg mediated inhibitory neurotransmission.

Keywords
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Introduction

Cortical inhibition (CI} can be defined as a neuwrophysiological
mechanism, by which gamma-aminobutyric acid (GA BAergic)
GABAerpic internewrons influence the activity of other neurons.
Several studies have identified Cl impaimment in schizophrenia.
Cl and CI impairment can be measured with a number of markers
including the cortical silent period {CSFP). CSP measurement con-
sists of a suprathreshold transcranial magnetic stimulation (TMS)
pulse over the motor conex paired with voluntary electrommyo-
graphic activity, causing a cessation of muscle movement The
duration of this movement cessation is a measure of CL It i
thought that CSP measures gamma-aminobutyric acid recepiors B
(GABA ;) mediated inhibitory activity. Another Cl marker is
short- interval cortical inhibition (SICI). S1CI measurement con-
sists of a subthreshold conditioning TMS pulse preceding a
suprathreshold pulse by several ms (1-5 ms). The amplitude of
the motor evoked potential (MEP) is then measured; it should be
reduced by 50-90%. This marker is thought i0 measure gamma-
aminobutyric acid receptors A (GABA . ) mediated cortical inhibi-
tion. {Daskalakis et al., 2008; Fuhr et al_, 1991 ; Kaster et al_, 2015;
Kujirai et al., 1993; Lin et al, 2009; Radhu et al.,, 2013, 2015;
Rogasch et al., 2014).

Most studies have found decreased SICT in schizophrenia
(Daskalakis et al., 2002; Fitzgerald et al., 2002a, 2004; Hasan
etal, 2001, 2012; Oxley et al., 2004; Wobrock et al., 2008, 20007,

This was also confirmed by a recent meta-analysis published by
Radhu et al. in 201 3. Conceming CSP, the results were less cor
tain (Bajbouj et al., 2004; Daskalakis et al., 2002, 2008; Fitzgerald
et al., 2002a, 2002k, 2004; Hasan et al., 2012; Herbsman et al.,
206M; Lin et al_, 2009; Soubasi et al., 2010; Wobrock et al., 2009
A mete-analysis by Radhu et al. (2013) did not report a signifi-
cant difference in CSP between patients with schizophrenia and
healthy controls. In a recent review of cumment research, Bunse
et al. (2014) reached a similar conclusion. However, the smdies
included in these reviews were camied out in heterogeneous sam-
ples of patients with schizophrenia. In one of these studies, Liu
et al. (2009) found the most significantly shortened CS5P in
unmedicated patients with schizophrenia as compared o patients
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treated with antidopaminergic drugs and o healthy controls (Lin
et al, 2009). All of the studies had a cross-sectional design.
Therefore, they are not optimal for determining the degree o
which CI is influenced by the disorder itself or by the ireatment.
To determine this, an optimal study design would recruit drug-
naive patients with first-episode schizophrenia (FES) and would
measure their C1 parameters during the selected pharmacological
treatment. Thus far, only one study was designed like this (Frank
et al., 2014). The study included 24 drug-naive patients with
acube psychosis (FES was suspecied). Cl markers were measured
before the stan of quetiapine reatment and again three weeks
later. A fier the treatment, a significant CSP increase was found.
Other C1 markers remained unchanged. The authors of that study
concluded that more studies are needed to suppornt their resulis,
especially studies with drugs other than gquetiapine for the reat-
ment of psychosis (Frank et al., 20014). Another study with a simi-
lar design was published by Kaster et al. in 2015. It was not a
study with FES patients, but with ireatment-resistant patients
prior to ireatment with clozapine. The study included 16 patients
and measured their CI parameters before the initiation of clozap-
ine trestment, and again six weeks later (11 patients were meas-
wred) and six months later (six patients were measured). All
patients (except one) were initially treated with psychopharma-
ceuticals (14 with drugs for the treatment of psychosis). C5P was
significanily longer afier six weeks of treaiment with clozapine.
From six weeks to six months, there was no significant difference
in C5P. The authors concluded that their prospective-longimudinal
study demonsirated an association between clozapine treatment
and an increase in GABA; mediated inhibitory neurctransmis-
sion. They suggested that the potentiation of GABAy may be a
novel neuroiransmitter mechanism that is involved in the patho-
physiology and treatment of schizophrenia (Kaster et al., 201 5).

There is no doubt that GABAergic dysfunction plays an
important role in the pathophysiology of schizophrenia. This dys-
function is studied not only with TMS, but also with neuroimag-
ing methods. For example, GABA levels are studied using
magnetic resonance spectroscopy. Goto et al. (2009) found
decreased (GA BA levels in the left basal ganglia in patients with
carly-stage FES. In another study, Goto et al. (2010) siudied
GABA concentrations in various brain regions (frontal lobe, lefit
basal ganglia, and paricio-occipital lobe) before and after treat-
ment with various antidopaminergic drugs for a period of six
months. They found no differences in GABA concentrations.

The question remains whether the potentiation of GABA
mediated newrotransmission is a special mechanism of clozapine
and probably quetiapine traditionally kmown as multi-acting
receptor targeted antipsychotics (MARTAS) (according to new
Meurnscience-based Nomenclature, they are now known as dopa-
mine, serotonin, noradrenalin receptor antagonists, and respec-
tively as recepior antagonist and reuptake inhibitor) or whether it
is 8 common mechanism of treatment with other drugs used for the
ireatment of psychosis (Mutt and Blier, 20016; Zohar et al., 2005
The purpose of our pilot study was o address this question.

Methods
Subjects

We recruited 13 patients hospitalised with FES according to
International Classification of Diseases, 10th revision (ICD-100

from a total of 37 screened patienis. The study included only dreg-
naive patients berween 18-60 years old. The patients were never
treated with any psychotropic agents for the treatment of psycho-
sis, depression or relapse prevention (formerly known as antipsy-
chotics, antidepressants or thymostabilisers). Further, the patients
were not ireated with any cytochrome P450 inhibitor or inductor
in the month before they entered the sudy or during the study. Mo
GABA positive allosteric modulators (benendiazepines) were
administered in the month before the patient’s admittance o the
study, nor during the course of the study. Only promethazine was
allowed as a concomitant medication. Paticnis with suicidal ten-
dencies, or comorbid menial disorders, including substance abuse
{except for micotine addiction; possible substance abuse was
checked by a urine drug test administered at baseling), or with
serious, insufficiently-treated somatic conditions, especially of
neurological or intemnal astiology, or with epilepsy, brain malfor-
mation or head injury followed by brain damage were not admit-
ted o the study. Patients with any confraindication for risperidone
were also excluded. Our study was approved by the local research
ethics board and each patient signed an informed consent form
before being admited o the study.

Cortical imhibition measurement

To measure CI, we used two Magstim 200 stimulators (Magstim
Co., UK) connecied through a BiStim module and equipped with
a figure-eight coil. The coil was placed tangentially to the skull
approgimately 45° from the medial axis. The locus of stimulation
was determined as a position over the left motor cortex, by stimu-
lation of which the motor evoked potential (MEF) was obtained
with the highest amplitude measured over the musculus abductor
digiti minimi (A DM). After that, we acquired the resting motor
threshold {RMT) in a standard procedure, as the lowest stimulat-
ing intensity elicited in five out of 10 consecutive MEP trials of
at least 50 pV in the ADM muscle (Rossini et al., 1994)

CSP was obtined by applying individual pulses of 150%
RMT imiensity and measured over the moderaiely-activabed
ADM muscle as the interval between the end of MEP and the
return of voluntary electromyographic activity. The avemge
walue of a total of 10 measurements was calculated. The intensity
of individual pulses differ in various smdies; we chose 150%
RMT intensity in accordance with Frank et al. {2014).

Study design

CSP was assessed before risperidone treatment was initiated, and
again four weeks later. At the same time, we rated the severity of
psychopathology using the Positive and MNegative Syndrome
Scale (PANSS). Risperidone dosape was set by the physician
according o the patient’s weight, the carly (nonjresponse two
weeks later and the potential presence of the side effects.

Statistical analysis

For the siatistical evaluation of our data, we used descriptive sta-
tistics to a=sess the CSP change and the change in psychopathol-
ogy; Wilcoxon paired fest was performed together with
Spearman’s rank commelation_ All data are presented in the form of
mean valuetstandard deviation.
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Table 1. Clinical and electrophysiological parameters.
Baseline After four weeks of risperidone treatment o

PANSS 8031 £ 12.45 56.92 £ 12.21 0.001
PANSS pos 22.69 + 330 11.46 £ 3.55 0.001
PANSS neg Z2.46 + 5.80 15.69 # 4.57 0.001
PANSS gen £4.38 + 6.53 29.77 0.001
5P (ms) 134.20 + 41.81 162.95 # 61.98 0051
Mean risperidone dosage (mg,/day) o} 438 % 1.39 Nik

L5P: cortical silent period; FANSS: Positive and Negative Symdrmome Scale; PANSS pos: PAMSS positive subscale; PANES neg: PARSS negative sobecale: PANSS gen: PANSS

gemeral subscale
Significant p-values are marked in bold.

Statistical  software  from  SwtSoft, Inc. (2011), the
STATISTICA (data analysis software system) version 10, was
used for the data analysis.

Results

Ot of the iotal of 13 patients, complete daia were obtained from
12, as there were technical difficulties measuring CSP in one
patient. Mone of the patients experienced a deterioration of state,
and no patient was excluded from the study due to serious adverse
effects, though some milder adverse effects occurred — especially
extrapyramidal sympéoms and insomnia. These were resolved by
adjusting the risperidone dosage or by co-medication with
biperiden or promethezine. Biperiden was used in only one
patient for three days (not during the last week before CSP meas-
urement); promethazine was used in nine patients, but in only
four of them during last week before CS5P measurement. Mean
final risperidone dose was 4.38+1_39 mg/day; the average patient
age was 25,9244 81 years. Five patients were smokers (four of
them were consumers of less than 10 cigareties per day), the rest
of our =ample were non-smokers.

Mean CSP duration before the treatment with risperidone (at
baseline) was 13420441 81 ms. After four weeks of risperidone
monotherapy (post-treatment), significant CSP prolongation was
observed; mean CSP duration increased o 162.95+61.98 ms
(p=0.041; Cohen’s d=0.544). We did not find a significant differ-
ence between smokers and non-smokers. The difference between
mean RMT before (45.0% of maximal output) and after the: reat-
ment (46.1% of maximal output) was not significant.

After the reatment, the PANSS iotal score was significantly
lower, as were the individual subscores (p<10.05) (see Table 1).
However, we found no comrelation between the CSP change and
the changes in PANSS tal score or subscores.

Discussion

Research on Cl has proven to be an important issue, as ifs impair-
ment is not only related (o positive or negative symptoms of
schizophrenia, as was reported by Lia et al. in 2009, A recent
study suggested that the Cl impairment also relaies to social-
cognitive impaimment in schizophrenia (Mehta et al_, 2014).

In our pilot study, we demonstrated an association between
risperidone monotherapy and an increase in GABA, mediated
inhibitory neurotransmission. This finding cormesponds to recent
cross-sectional smdies comparing the resulis of patients with
treatments using various dopamine recepior antagonists and CS5P

prolongation with those of unmedicated patients (Daskalakis
et al., 20032, 200E; Liv et al., 2009 It also corresponds with our
previously published case study in which we showed CSP pro-
longation afier paliperidone monotherapy; paliperidone is an
active risperidone metabolite (Prikryl et al., 2009). Cur findings
also commespond with a similar longitudinal study (Frank et al.,
2014} that confirned CSP prolongation after quetiapine treat-
ment. And finally, our results comespond with another longitudi-
nal siudy (Kaster et al., 2015) that demonstrated an association
between clozapine treatment and increased GABAp mediated
inhibitory neurotransmission. The Frank et al. sudy concluded
with the question of whether the influence on CEP and on Cl was
quetiapine specific, and therefore relaied to a subgroup of drugs
used for the tremtment of psychosis traditionally known as
MA RTAs, or whether other drugs with a different mechanism of
action might produce the same effect. Our study gives at least a
partial answer — there is another antidopaminergic drug, that acts
like guetiapine but belongs to a different group, traditionally
known as serotonin and dopamine antagonists {SDAs).

‘We did not find a difference between smokers and non-smok-
ers in contrast with the study by Lang et al. (2008). Our explana-
tion is based on the fact that most of our smokers (four of five)
were consumers of fewer than 10 cigareties per day, while in the
study by Lang et al. (2008}, the smokers consumed more than 10
cigareties daily.

Risperidone treament caused a significant decrease in psy-
chopathology as measured by PANSS. However, we did not suc-
ceed in providing evidence of a relationship between the change
in CSP and the change in psychopathology. This does not come-
spond 0 data suggesting a relationship between C5P and nega-
tive schizophrenia symptoms (Liu et al., 2009). Mevertheless, it
is in agreement with the study by Frank et al. {2014) which did
nivt prove a correlation between changes in CSP and in PANSS,
although the quetiapine treatment led to CSP prolongation and
also o a decrease in PANSS scores. The same resulis were found
in the study by Easter et al. {2015) — there was no significant cor
relation between changes in CSP and changes in clinical symp-
tmms as measured by total PANSS, positive PANSS, or negative
PANSS. There may be similar ex planations for our results as for
the study by Frank et al. (2014) — the number of subjects was ton
small {our siudy group is even smaller) and a higher correlation
was found in unmedicated patients (Frank et al., 2014). The
GABAy receptor could represent a novel treamment targes for
schizophrenia and maybe a novel mechanism of action in drugs
used for the treament of psychosis that is more robust in clozap-
ine (K aster et al_, 2015), but is present in other agents ino. A shudy
by Gote et al. (2010) found no differemce in GABA
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concenirations before and afier treatment with various drugs used
for the meatment of psychosis (aditionally known as atypical
antipsychotics). They suggested that it was a relatively short time
for any differences, or the meatment may have prevented further
reductions in brain GABA levels. The influence of even brief
treatment with drugs used for the treamment of psychosis before
the first measurement could influence the results oo, as was
shown in the TMS study by Kaster, in which there was a differ-
ence in cortical inhibition before meatment with clozapine and
again after six weeks, but no difference between six weeks and
six months (Kaster et al., 2015). A recent mini-review of thind-
peneration imaging studies shows various resulis of particular
studies, since GABA concentrations were found to be reduced
{the most frequent reponied result), increased, or unaltered in
patients with schizophrenia. The awthors conclude thar GABA
concentration alone cannot be considered a biomarker for schizo-
phrenia; a more interesting marker is the glutamate' GABA mtio,
which needs to be further investigated in studies aimed at clarify-
ing mechanisms and'or novel therapeutic strategies (Chiapponi
et al., 2016). In one interesting study, Cai et al. (200100 found
changes of the GABASplutamaie ratio in patients with schizo-
phrenia after risperidone treatment.

The precise pharmacological mechanism causing changes in
(1 after reatment with risperidone is not clear. A possible expla-
nation could be found in genetic and epigenetic studies, but the
subject necds further research (Cha et al., 20014; Hasan et al.,
2013; Ota et al., 2004a, 2014b).

Onr study has the advantage of excluding the usage of GABA
positive allosteric modulators (benzodiazepines), as they could
infleence the resulis becawse of their known impact on CSP
(Ziemann et al., 1996; Di Larzaro et al., 2000). The disadvantage
is the relatively small number of study subjects and the absence of
acontol group. Some newrophysiclogical studies suppesied that
interindividual variability of CSP duration is high, but intraindi-
vidual variability is quite low (10-15%; Kukowski and Haug,
19492; Orth and Rothwell, 2004 ). One exception was a sudy pub-
lished in 20035 with higher infraindividual variability of CEP dura-
tion, but with very low variahility between the mean values of the
whole group of healthy volunteers measured several times during
the time course (the coefficient of variation was 4-5%; Koski
et al., 20:05). It is probable that the change of CSP duration in our
patients was mot by chance. We selected only one parameter fior
Cl, because we wanted o obtain the measurements as quickly as
possible, since the measuremenis were very demanding for drug-
naive patients in the acuie phase of FES. We chose CSP because
of its interesting results in the wo above-mentioned studies
(Frank et al., 2014; Kaster et al., 2015). The resulting disadvan-
tage is that we are not able to confirm the selective effect of risp-
cridone only on GABA; mediated neurctransmission. Another
possible limitation of our study can be that C1 was measured only
in the motor coriex, in conirast with a recent study by Radhu et al.
{201 5. But similar studies by Frank et al. {20014) and Kaster et al.
{2015) had the same design. We did not repeat urine drug amalysis
during the reatment (only at baseline), but the probability of drug
abuse during hospitalisation in our stedy group is very low.

In conclusion, our study in patients with FES demonstraied an
association between risperidone monotherapy and an increase in
GABA mediated inhibitory neurotransmission. More longitudi-
nal studies are needed with more subjects and perhaps also with
subjects medicated with different drugs for the meatment of

psychosis with different mechanisms of action in order to verify
the resulis of our risperidone pilot study.
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CASE REPORT

Effect of Electroconvulsive Therapy on Cortical Excitability
in a Patient With Long-Term Remission of Schizophrenia

A Transcranial Magnetic Stimulation Study

Radovan PFikeyl, MD, PhD, Libor Ustohal, MD, Hana Prikrylovd Kucerovd, PhD,
and Eva Ceskovd, MD, PhD

Abstract: The exact effects of electroconvulsive therapy (ECT) on the
brain are still not accurately known, Hypotheses considered include the
effect of ECT on cortical excitability of the brain, The aim of this trial
was 1o assess (he changes in cortical excitability in the brain of a patient
with remitted schizophrenia, undergoing maintenance ECT. Three suc-
vessive ECT applications resulted in significant prolongation of the
cortical silent period, which implies augmentation of inhibitory cortical
mechanisms in the brain, most tikely mediated by the GABAergic
(GABA. y-aminobutyric acid) system with direct involvement of GABAy
receptors. The actual therapeutic effect of ECT is therefore probably due
to facilitation of cortical inhibitory mechanisms induced by GABAergic
neurotransmission.

Key Words: ECT, GABA, TMS. cortical inhibition
(J ECT 2001:27: ¢9-ell)

E lectroconvulsive therapy (ECT) is used in psychiatry to trcat
serious mental conditions, especially  pharmacoresistant
forms of depression or schizophrenia. Although the fundamental
mechanism of its effect consists of inducing ¢pileptic scizures,
the exact effect of ECT on the brain is still not completely
known.'

The effect of ECT. however, as in the case of repetitive
transcranial magnetic stimulation (TMS), may also be asso-
ciated with modulation of cortical excitability, which reflects
GABAergic (GABA, y-aminobutyric acid) neurotransmission
tone.? It is known that the therapeutic effect of antidepressants,
repetitive TMS, vagal stimulation, and ECT is accompanied by
enhanced GABAergic neurctransmission, Existing experience,
involving altered GABA ncurotransmission through ECT, has
mostly been gained from small-scale studies, mainly involving
patients with severe depression. It is therefore not entirely clear
whether the changes in the central GABA system observed
during ECT are caused by a decline in depression or by the effect
of ECT on the brain.’

The specific effect of ECT on the brain is not, as yet,
known. The real influence of ECT on cortical excitability can
be assessed only if ECT were to be administered to a healthy
volunteer, to climinate the possible influence of a concomitant
acute mental disorder on cortical excitability. Because it is not
possible, for ethical reasons, to administer ECT to a healthy
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volunteer, a possible altcrnative would be to evaluate the cffect
of ECT on a patient with a mental disease in remission, under
specified conditions. In such a situation, the effect of ECT on
cortical excitability could be asscssed without the influence of
concomitant acute mental disease,

The aim of the measurement itself was to assess changes
in cortical excitability in a patient with remitted schizophrenia
undergoing raaintenance ECT, under clinical conditions,

MATERIALS AND METHODS

Clinical Characteristics

The study (N = 1) involved a male patient diagnosed with
schizophrenia according to Diugnostic and Statistical Manwal
of Mental Disorders. Fourth Edition (American Psychiatric
Association)* and confirmed by 2 expericnced psychiatrists.
During the study, the patient was in long-term (6-month) com-
plete remission of the disease. In addition to clozapine (500 mg,
daily), the patient was also treated with maintenance ECT, which
was administered once every 21 days. The patient is right-handed,
according to the revised Edinburgh Handedness Inventory.®
Before and 24 hours after ECT application, the patient’s clinical
condition was evaluated using the Positive and Negative Syn-
drome Scale (PANSS)®, TMS measurcment was performed at
the same time. The patient was examined, as described above, in
3 successive ECT treaments. The patient signed an informed
consent before his participation in the study; the study was also
approved by the local ethics committee,

Experimental TMS Protocol

Transcranial magnetic stimulation measurements were per-
formed using 2 Magstim 200 magnetic stimulators connected
via a Bistim module (Magstim, Dyfed, UK)and a 70-mm figure-
of-8 stimulating ceil. The coil was placed on the patient’s head,
over the motor cortex of the left hemisphere at an optimal spot
for inducing motor-evoked potentials (MEPs) of maximum
peak-to-peak amplitude on the contralateral target muscle (ab-
ductor digiti minimi muscle), The optimal position of the stim-
ulating coil was based on recommended standards.” The
stimulation coil was positioned on the scalp, with the handlc
pointing occipitally and held at 45 degrees to the sagittal axis
(i, approximately at a right angle to the central sulcus).* With
the stimulating coil in this position, the induced electric current
flows through the brain in an anteromedial to posterolateral
direction, approximately perpendicular to the direction of the
central sulcus and therefore preferentially activates transsyn-
aptic corticospinal neurons.®

Determining Motor Threshold (MT)

The motor threshold (MT) was registered using an elec-
tromyograph (EMG) from the abductor digiti minimi muscle of
the right hand. The MT was defined as the Jowest stimulating
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TABLE 1. Total PANSS Score and TMS Neurophysiological Parameters (MP and CSP) Before and After Each of 3 Successive

ECT Applications

Before 1st ECT  After 1st ECT  Before 2nd ECT  After 2nd ECT Before 3rd ECT  After 3rd ECT

PANSS 65 63
MT, % 40 42
CSP, median (SD), ms 195,00 (10.22) 21855 {14.39)

64 66 67 64
38 38 44 38
191.40 (13.34)

221.25 (10.98) 222.93 (12.55) 231.45 (947)

activity, which in 10 individual impulscs evoked at least 5 motor
potentials with peak-to-peak amplitudes reaching af least 50 wV.
The interval between individual stimulating pulses was never
less than 10 seconds, to exclude the possible cffect of subse-
quent TMS stimuli on corticospinal excitability.'’ The MT was
established under complete relaxation of the target muscle,
lasting at least 100 milliscconds before the onset of the stimu-
lation. The application of TMS pulses was started with stim-
ulation intensity equal to 90% of the maximum power of the
instrument and was gradually reduced in 2% increments to a
stimulation intensity capable of evoking at least 5 of 10 MEPs
with a peak-to-peak amplitude of at least 50 pV. The EMG was
recorded using a Medelec Synergy EMG and a pair of surface
electrodes attached (using medica! adhesive tape) to the muscle
belly and the tendon of the abductor digiti minimi muscle of
the right hand. The ground electrede was placed on the wrist of
the same hand.

Measurement of Induced Cortical Silent Period

The induced cortical silent period (CSP) was obtained
during application of individual TMS pulses over the motor
cortex area, at an intensity equal to 150% of the resting MT on
the target muscle (abductor digiti minimi} during conscious,
weak tonic contraction. The duration of CSP was defined as the
time from MEP onset to the return of voluntary EMG activity.
This is referred to as the absolute CSP and ends with a defice-
tion in the EMG waveform.’! A total of 10 measurements were
performed, and the CSP was then obtained by automatic analysis
using Medelec Synergy EMG software.

RESULTS

The stody involved a 31-year-old man with long-term
(6-month) remission of paranoid schizophrenia for which he
has been treated since the age of 21 years. In the last 6 months,
he has been treated with clazapine (500 mg daily) and main-
tenance ECT administered every 21 days, A combination treat-
ment had been prescribed because of repeated relapscs with
pharmacotherapy only and because of the patient’s favorable
response to ECT.

Total PANSS scores and TMS ncurophysiclogical para-
meters (MT and CSP) measured before and after 3 suceessive
ECT applications are presented in Table 1.

DISCUSSION

The aim of our study was to assess the effect of ECT on
cortical excitability, in such a way that cortical excitability could
not be attributed merely to the receding intensity of a psy-
chopathology. Because it is not feasible, for ethical reasons, to
carry out such an experiment on a healthy volunteer, we selected
a patient with a mental condition showing long-tern stabili-
zation and in which the probability of symptoms changes due
to ECT was minimal. In a schizophrenic patient undergoing
maintenance ECT treatment and over the course of 3 succes-
sive ECT applications, we found a mild tendency toward
reduction in individual MTs. The most important finding,

€10 | www.ectjournal.com

however, was the repcated prolongation of the CSP period after
cach ECT application. Increased CSP signifies strengthening
of inhibitory cortical mechanisms, most probably mediated by
the GABAcrgic system with direct involvement of GABAg re-
ceptors. It can therefore be assumed that ECT increases GABA
levels in the brain and potentiates the activity of GABAg
receptors.? A similar conclusion was also reached in studies
assessing the cffect of vagal nerve stimulation on inhibitory
cortical mechanisms.>’

However, a study with contradictory conclusions has also
been published. Six ECT applications, over a period of 3 weeks
in patients with depression resulted in increased amplitudes
of evoked motor potentials, decreased active MTs and reduced
intracortical inhibition in the left hemispherc.'® The incon-
sistency associated with this study can perhaps be cxplained
by the fact that the reduced intensity of depressive symp-
toms may have modified the mcasured neurophysiological
parameters,

The results of our study need to be viewed through the
prism of a pilot study. Although neurophysiological parame-
ters were assessed in 3 successive ECTs, the measurements still
involved only | patient, which may have influenced the tesults,
In addition, the subject was not a healthy volunteer, but a patient
with schizophrenia. Acute schizophrenia reduces the length of
CSP; however, in this particular case, we were dealing with a
paticnt showing long-term stabilization. Most importantly, we
did not set out to determine changes in CSP compared with
standards but assessed interindividual dynamic changes in CSP
after individual ECT applications.

On the basis of our results, we can assume that ECT leads
to a prolongation of the CSP and thus potentiates intracortical
inhibitory mechanisms of the brain, This suggests that the
therapeutic effect of ECT is mediated by the activation of the
brain’s GABAergic system.

CONCLUSION
The therapeutic effect of ECT may be mediated by the
facilitation of cortical inhibitory mechanisms within the brain
due to the repeated prolongation of the CSP period after cach
ECT application.
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Abstract This article deals with the use of repetitive transcranial magmetic stimulation (rTMS) in
the treatment of depressive disorder. The method involves influencing the brain using
variable magnetic field. Repetitive TMS is safe, well-tolerated and has very few adverse
effects. It is the treatment of depressive disorder where psychiatrists have most experi-
ence with this method which, however, is starting to be used for the therapy of other
mental disorders as well. Repetitive transcranial magnetic stimulation has been proven
to influence cortical excitability and the metabolic activity of neurons. Many studies of its
effectiveness in the treatment of depressive disorder have been performed to date and can
be divided into three generations. The results of different studies have been summarised
in several meta-analyses; the most recent ones in particular show that rTMS constitutes
a promising therapeutic method, although a number of questions concerning mainly the
exact mechanism of its action, the setting of the most appropriate stimulation parameters
and the selection of the most susceptible patients remain unanswered.

Abbreviations:

ACTH - adrenocorticotrophic hormaone, Cl - confidence interval, CAF - corticoreleasing factor, DLPFC - dorsolateral prefrontal cortex,
ECT - electroconvulsive therapy, EEG - electroencefalography, ES - effect size, HRSD - Hamilton rating scale for depression, Hz - Hertz,
MADRS - Montgomery and Asberg depression rating scale, NNT - number needed to treat, OCD - obssessive compulsive disorder,
rTMS - repetitive transcranial magnetic stimulation, 5581 - selective serctonine reuptake inhibitors, TMS - transcranial magnetic
stimulation, TSH - thyroid stimulating hormone

INTRODUCTION

Transcranial magnetic stimulation (TMS) represents
a relatively new method used in neurophysiological
research in which it helps to measure various cortical
phenomena, including cortical inhibition and plastic-
ity (Prikryl et al 2009, but also in the diagnosis and
treatment of certain neuropsychiatric disorders.

TMS PRINCIPLE AND HISTORY

The principle of this method is based on Faraday’s law
of electromagnetic induction formulated in 1831. This
law states that around the primary coil through which
a time-varying current is flowing. a changing mag-
netic field is created which is able to induce a second-
ary current in conductors found within its reach. The
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patient’s brain, too, may be one of such conductors. The
secondary current induced is, according to Lenz's law,
in the direction opposing the primary current (Daska-
lakis ef al 2008).

Scientists examined the possibilities of non-invasive
and focal stimulation of the brain using magnetic field
as early as at the turn of the 19" and 20" century.
DArsonval in 1894 and Thomson in 1910 built large
electromagnetic stimulators which, however, could not
produce a magnetic field of sufficient intensity to be
able to influence brain tissue, so for example D'Arsonval
succeeded only in inducing “phosphenes™ (Le. per-
ceived flashes of light) by stimulating the retina (Burt
ef al 2002).

It was not until 1985 that Barker and his collabora-
tors developed a device that could generate a magnetic
field of sufficient intensity to depolarise cortical neu-
rons. This device consisted of a stimulation coil con-
nected to a capacitor capable of generating a sufficiently
large electrical current over a very short time interval,
this principle forming the basis of all modern devices
(Barker 1991). The discharging of the capacitor makes
this current flow through the stimulation coil, generat-
ing a changing magnetic field that lasts approximately
100-300 milliseconds and its intensity ranges from 1 to
2.5 Tesla - an intensity comparable with that of mag-
netic resonance scanners and about 20 0 to 50 000
times larger than the magnetic field of the Earth. This
magnetic field then passes without resistance through
the soft tissues of the head and the skull and induces
a secondary electrical current in the brain, resulting in
the depolarisation of neurons (Post & Keck 2001).

ToHE TMS PROCEDURE AND ITS PARAMETERS

During the stimulation, an insulated metal coil is placed
over the patient’s head and delivers a changing electrical
current producing a changing magnetic field perpen-
dicular to the current passing through the coil. As has
been mentioned above, this magnetic field passes with-
out resistance through the soft tissues of the head and
the skull to reach the conductive brain tissue in which
it induces a secondary electrical current parallel to the
primary current, but, according to the abovementioned
Lenz’s law, in the opposite direction (Burt ef al 2002).
Magnetic pulses may be administered individually
or in pairs that are a few milliseconds apart (so-called
paired-pulse stimulation), or repeatedly in a sequence,
or “train’;, lasting from seconds to minutes (the so-called
repetitive transcranial magnetic stimulation, rTMS).
The first two options are used primarily for research
and diagnostic purposes; rTMS is used mainly in the
treatment of certain neuropsychiatric disorders.
Repetitive transcranial magnetic stimulation is
defined by the number of pulses per second, or fre-
quency in Hertzs (Hz). According to the frequency it is
then divided into “low-frequency” (,slow™) r'TMS with
1 Hz or less and *high-frequency” (“fast™) rTMS with

more than | Hz (usually between 5 and 25 Hz). Another
parameter of stimulation is its intensity expressed as the
percentage of individual resting motor threshold. Motor
threshold is defined as the minimal intensity of the
stimulus able to produce muscle contraction (usually in
one of the small muscles of the hand, e.g. the abductor
pollicis brevis) when applied on the motor cortex, in at
least five in ten successive trials. The most commonly
used stimulation intensity then varies between 80 and
120% of individual resting motor threshold. Other
stimulation parameters include the length of the train of
pulses and also the duration of the pause between them
(“intertrain™), the total number of pulses administered
during one session, the total number of individual ses-
sions, the stimulation coil localisation, the type of coil
(the most commonly used type in rTMS is the so-called
figure-of-eight coil; then there are oval-shaped coils,
conical coils etc.) and its position and orientation with
respect to the patient’s head (Burt ef al 2002).

InpICATIONS OF FTMS IN PSYCHIATRY

Most experience with the use of rTMS in the treatment
of mental disorders has been associated with depressive
disorder, as will be mentioned below; the method is also
used - still mainly experimentally - to treat schizophre-
nia, which concerns specifically low-frequency rTMS
targeting the temporo-parietal cortex area in patients
suffering from resistant anditory hallucinations and
high-frequency rTMS targeting the prefrontal cortex
area in patients with dominant negative symptoms
{Fitzgerald & Daskalakis 2008). The findings concern-
ing the effectiveness of rTMS in patients with auditory
hallucinations are summarised in a meta-analysis by
Aleman et al. from 2007 which included ten studies and
proved a significant reduction in the severity of auditory
hallucinations wsing active stimulation in comparison
with sham (inactive) stimulation. Findings on the effec-
tiveness of rTMS in patients with negative symptoms
are summarised in a meta-analysis by Dlabac-de Lange
et al. from 2010 which included a total of nine studies
and also proved that rTMS may be, in this indication
as well, an effective therapeutic method, particularly
using a frequency of 10 Hz and a treatment duration of
at least three weeks. According to the third meta-anal-
ysis, however, this is not quite clear (Aleman ef al 2007;
Dlabaé-de Lange ef al 2010; Freitas ef al 2009).

Repetitive TMS is also being tried in the treatment
of mania, namely the high-frequency stimulation of the
right prefrontal cortex. There is, however, less experi-
ence in this indication than in the previous ones (Gri-
saru ef al 2008).

Other experimental indications incdude the treat-
ment of obsessive-compulsive disorder (OCD). The first
data about the use of rTMS, namely for the stimulation
of the prefrontal cortex, appeared to be quite promis-
ing; nevertheless, other studies, this time double-blind,
placebo-controlled, did rather not confirm them, with
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the exception of a study by Mantovani et al., who, how-
ever, used a different target of stimulation - the area of
the supplementary motor cortex (Greenberg ef al 1997;
Sachdev et al 2001; Alonso ef al 2001; Mantovani et al
2006; Sachdev ef al 2007; Prasko ef al 2006). Besides
the abovementioned indications there have also been
attempts to use rTMS for instance in the treatment of
post-traumatic stress disorder, panic disorder and even
mental bulimia {Greenberg & Lisanby 2008; Walpoth
et al 2008). Transcranial magnetic stimulation was also
recently tried in a pilot study in patients with ADHD
(Bloch ef al 2010).

Last year, Slotema and colleagues processed the
results of studies using rTMS in the treatment of
depressive disorder, auditory hallucinations, negative
symptoms of schizophrenia and OCD. They concluded
that in terms of effectiveness, rTMS is suitable for the
treatment of depressive disorder, auditory hallucina-
tions and probably the negative symptoms, but not
OCD (Slotema ef al 2010).

CONTRAINDICATIONS AND ADVERSE EFFECTS
oF rTMs

Repetitive transcranial magnetic stimulation is a safe
and well-tolerated method of treatment, which is
true even for its administration twice a day and even
for the so-called accelerated rTMS when fifteen ses-
sions were administered in the course of merely two
days (Loo et al 2007; Holtzheimer et al 2010). Absolute
contraindications of high-frequency rTMS include an
epileptic history and elevated risk of an induction of
epileptic paroxysm, such as intracranial hypertension,
use of drugs that may lower seizure threshold, history
of brain ischemia or a pathological EEG recording.
On the contrary, the use of low-frequency stimulation
for the treatment of epilepsy is being tried (Santiago-
Rodriguez ef al 2008). Other absolute contraindications
of both high and low-frequency rTMS incude a metal
implant in the cranium, except for the mouth, and
also an implanted pacemaker or a drug pump. Rela-
tive contraindications include pregnancy, although it is
not known that r'TMS could endanger its course in any
way (Rau ef al 2007). The most serious adverse effect of
rTMS is the induction of an epileptic paroxysm even
in an individual without predispositions. This risk,
however, is very low; its value is usually indicated as
approximately one case in a thousand or less (Prikryl &
Kuéerova 2005). Only slightly more than ten cases have
been described in the world altogether. Such a seizure
occurs during or shortly after the stimulation and does
not pose the risk of epilepsy developing. Other adverse
effects include pain at the stimulation site during appli-
cation, which, according to the literature, occurs in
10-30% of patients. But the pain is usually mild, tran-
sient and only very rarely leads to an early termination
of treatment. Occasionally, headaches may occur after
stimulation, but they are usually mild and transient,
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too, and respond to common analgesics (Rau ef al
2007). A temporary elevation of hearing threshold was
also described in several patients; however, an average
change of hearing threshold did not occur in the stud-
ied cohort. Similarly, no changes in the EEG recording
and neuropsychological performance were found (Loo
et al 2001). As for mental adverse effects, they are also
extremely rare. In a few patients suffering from bipo-
lar affective disorder a shift into mania was described
after stimulation for a depressive episode; in one case
the development of psychotic symptoms occurred after
rTMS (Ella ef al 2002; Zwanzger ef al 2002).

REPETITIVE TRANSCRANIAL MAGNETIC
STIMULATION (FTMS) IN THE TREATMENT OF
DEPRESSIVE DISORDER

Transcranial magnetic stimulation started to be
regarded as a potential method of treatment of depres-
sive disorder after the influence of TMS on mood was
found out (Bickford ef al 1987). Stimulation of the
vertex was tried in the beginning, but following incon-
sistent results and successful stimulation of the left
dorsolateral prefrontal cortex (DLPFC), most studies
have focused on this particular area. The stimulation
site is usnally defined as the location 5 cm rostral to the
area of the motor cortex the stimulation of which deter-
mined the resting motor threshold. Besides the stimu-
lation of the left DLPFC, rTMS of the same area in the
opposite hemisphere is also being successfully tried,
namely of the right DLPFC (Klein ef al 199%; Fitzger-
ald et al 2003). According to the recent works, however,
the *5-cm method” of coil targeting is inaccurate and it
is more suitable to use neuronavigation or at least the
“10-20 method” used in EEG, with the site for stimula-
tion of the left DLPFC being found between the F3 and
F5 electrodes, closer to the F5 electrode (Schonfeldt-
Lecuona ef al 2010; Rusjan et al 2010).

Mechanism of antidepressant action

of rTMS in animal models

The mechanism of antidepressant effect is not quite
clearly elucidated. It was found in animal models using
the swim test that rTMS leads to similar effects as ECT,
and these are connected with variation in the dopamine
level, which could mean that rTMS also affects dopami-
nergic transmission, particularly in the hippocampus
and the nudeus accumbens (Post & Keck 2001). It is
also being shown that rTMS normalises the function
of the hypothalamic-pituitary-adrenal axis and, simi-
larly to antidepressants, reduces CRE ACTH and cor-
ticosterone outputs (Czeh ef al 2002; Keck et al 2000,
2001). Changes in neurotransmitter levels were also
studied in animal models. Besides the abovementionad
increased release of dopamine, an influence on seroto-
nergic and noradrenergic systems was also observed,
but the results of the studies are inconsistent (Post &
Keck 2001). Nevertheless, it can be said that as far as
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the impact on the levels of other nenrotransmitters is
concerned, the effect of rTMS is similar to that of ECT
(Loo 2008). A few studies in animal models also dem-
onstrated a neuroprotective effect. For instance, Miiller
et al. recorded an elevation in the level of BDNF in the
gyrus dentatus and other areas of the hippocampus in
2000 (Miller ef al 2000), Post and colleagues described
a neuroprotective effect of r’TMS against oxidative stress
in 1999 (Post ¢f al 1999) and Funamizu et al. observed
a reduced effect of neurotoxins on nigrostriatal neu-
rons in rats in 2005 (Funamizu et al 2005). The existing
results thus point at the possibility of a neuroprotective
effect of rTMS, resembling that of antidepressants and
ECT, although the effect of stimulation on neurogenesis
is not clear yet (Loo 2008). There are also data from sev-
eral studies which indicate that rTMS may, using spe-
cific stimulation parameters, induce persisting changes
in the functioning of neurons that are similar to the
changes indoced by anticonvulsants used as mood sta-
bilisers or by electrocomvulsive therapy (Loo 2008).

Mechanism of antidepressant action
of ¥ TMS in clinical studies
Most dinical studies examining the antidepressant
effects of rTMS are based on the use of neuroimaging
methods that focus on changes in blood flow through
the brain, changes in the metabolism of neurons and
also on changes in the activity of neurons; effects of
stimulation on the endocrine system are also examined.
In 1999, Kimbrell and colleagues noted that global
hypometabolism was related to the response to high-
frequency rTMS and also found a tendency to improve-
ment after low-frequency rTMS in the case of global
hypermetabolism prior to stimulation (Kimbrell ef
al 1999). A vear later, Speer also noted in depres-
sive patients after stimulation with 1-Hz frequency,
a decrease in perfusion in certain areas of the brain,
while after stimulation with 20-Hz frequency he noted
an increase in perfusion at the stimulation site and also
in limbic and paralimbic regions (Speer ef al 2000).
Baeken described the correlation between the positive
response to high-frequency stimulation and the meta-
bolic changes in parts of the anterior cingulum {Broad-
manmns areas 24 and 32) (Baeken ef al 2009). Li, on the
basis of the results of his own study, suggests that the
antidepressant mechanism of add-on rTMS therapy
may be reflected by the suppression of hyperactivity
in the left temporal cortex and the fusiform gyrus and
perhaps through enhancing the function of the medial
prefrontal cortex and anterior cingulum (Li ef al 2010].
As for the activation of neurons, it has been proven
that high- frequency stimulation increases cortical excit-
ability (Fitzgerald et al 2006), whereas low-frequency
stimulation may decrease it, which was demonstrated
e.g. by Chen and colleagues in 1997 (Chen ef al 1997).
Neurophysiological effect of rTMS of various frequen-
cies has also been studied recently, namely of 1 Hz,
priming (& Hz followed by 1 Hz), 10 Hz and 20 Hz on

cortical inhibition in healthy subjects. For higher fre-
quencies, this study demonstrated a more pronounced
extension of inhibition mechanisms linked to GABA-B
receptor-mediated neurotransmission, which corre-
sponds to findings that GABAergic neurotransmis-
sion tends to be disrupted in patients with depression
and is enhanced using ECT or SSRI (Daskalakis et al
2006; Daskalakis et al 2008). There are presumptions
that rTMS does not simply cause normalisation of pre-
frontal hypoactivity and that high-frequency stimula-
tion increases and low-frequency stimulation decreases
cortical activity, but that through the connection from
the prefrontal cortex also the more remote limbic and
paralimbic regions are influenced. Nevertheless, fur-
ther studies are needed that would darify which other
areas of the brain and in what way are involved in the
antidepressant effect of rTMS (Loo in Wassermann ef
al 2008).

As for the effects of rTMS on the neurcendocrine
system, an elevation of thyroid stimulating hormone
('TSH) was found (George et al 1996; Cohrs ef al 2001;
Szuba ef al 2001) as well as normalisation of the dexa-
methasone suppression test in correlation with mood
improvement following rTMS (Pridmore 1999; Zwan-
zger ef al 2003), whereas changes in progesterone levels
and dehydroepiandrosterone were not found in another
study (Padberg ef al 2002). On the whole, it can be said
that it is not possible so far to explain the antidepres-
sant effect of rTMS on the basis of studies performed
to date examining hormonal changes after stimulation
(Loo 2008).

Studies and meta-analyses dealing with rTMS

in the treatment of depressive disorder

Dozens of studies dealing with the effectiveness of
rITMS in the treatment of resistant depression and at
least nine meta-analyses summarising the results of
individual studies {conducted not only in patients suf-
fering from resistant depression) have been published
to date. Daskalakis divides these studies into three gen-
erations: the first generation includes older studies that
examined the effectiveness of rTMS using a maximum
of ten sessions, his second generation contains studies
with more than ten sessions and the third generation
covers studies that make use of certain newer proce-
dures, e.g. bilateral rTMS {other stimulation parameters
as well as design in individual studies differ) (Daskala-
kis ef al 2008).

1# generation studies

The first positive results of the use of high-frequency
stimulation of the left prefrontal cortex were noted in
an open-label study by George and colleagues in 1995
in six patients with resistant depression (George ef al
1995). A year later, similarly promising results were
also published by Pascual-Leone and colleagues who
examined seventeen patients suffering from resistant
depression with psychotic symptoms. In this case it was
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a cross-over, randomised and placebo-controlled study
with sham rTMS5 and stimulation of different cortical
areas as a control lasting always one week (Pascual-
Leone et al 1996). Other studies by George and col-
leagues from 1997 and Figiel and colleagues from 1998
also recorded a significant improvement in patients with
depression after two weeks of active stimulation in com-
parison with sham (George ef al 1997; Figiel ef al 1998).
Several studies also dealt with low-frequency rTMS
of the right prefrontal cortex. A major study by Klein
and colleagues from 1999 in seventy patients random-
ized either into the active arm or the sham arm under
the conditions of a double-blind study may serve as an
example. After two weeks of study treatment, 49% of
patients from the active arm were assessed as respond-
ers, compared with 25% of patients from the sham
arm (Klein ef al 1939). Similarly positive results were
obtained in the studies by Geller and colleagues in
1997, Feinsod and colleagues a year later and Menkes
and colleagues in 1999 (Geller et al 1997; Feinsod et
al 1998; Menkes ef al 1999). Not all studies, however,
scored such success. Loo and colleagues, for instance,
in her study from 1999, found no significant difference
between active and sham high-frequency stimulation of
the left prefrontal cortex administered for two weeks,
and Berman and colleagues in 2000 found only a slight
reduction in the severity of depressive symptoms fol-
lowing the ten-day high-frequency stimulation of the
same ared, and also a number of other studies had a
similar outcome (Loo ef al 1999; Berman &f al 2000).
Daskalakis attributes these results to several reasons.
Firstly, to the fact that the majority of patients in these
studies were resistant, so in at least some of them a
comorbidity could have been present which negatively
influenced the result; secondly, to the fact that stimula-
tion parameters (frequency, intensity, duration) varied
among the studies; thirdly, to the fact that the results
could have been also influenced by concomitant medi-
cation used in these studies; and finally, fourthly, to the
absence of a consistent and accurate method to deter-
mine the site of stimulation (Daskalakis ef al 2008).

7™ generation studies

Increasing the number of sessions from ten, a number
common initially, is logical if we compare the effective-
ness of two-week ECT which is very often insufficient,
especially in resistant depressions, with ECT extended
to five weeks (Daskalakis ef al 2008). One of such stud-
ies was also a study by Fitzgerald and colleagues from
2003 in which sixty patients with resistant depression
were divided into three groups. In one of them the
patients were treated with active high-frequency rTMS,
in the second one with low-frequency r'TMS and in the
third one they underwent sham stimulation. During
the study, a continuous improvement of the patients’
condition in both active arms was observed (Fitzger-
ald et al 2003). In another study, Avery and colleagues
compared a group of patients with resistant depression
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treated by high-frequency rTMS with a control sham
group. In a three weeks' time he noted a response in
30.6% of patients in the active arm and a remission in
20% of patients, compared to £.1% and 3% in the con-
trol group (Avery ef al 2006).

3 generation studies

Bilateral r'TMS appears to be a promising method with
regard to the fact that the superiority of bilateral ECT
over unilateral has been proven and also the fact that
high-frequency rTMS of the left DLPFC as well as low-
frequency rTMS of the right DLPFC is effective. Only a
few attempts using bilateral stimulation have been made
so far. The first attempt at simultaneous bilateral stimu-
lation was not successful (Loo ef al 2003). Then there
were trials of sequential bilateral stimulation, but this
was either in a small cohort of seven patients (Cohen
et al 2003} or for a short period of time lasting only five
days (Conca ef al 2002). Other studies did not dem-
onstrate a statistically significant difference between
bilateral stimulation and the common unilateral high-
frequency rTMS either (Hausmann ef al 2004; Rybak
et al 2005). According to Daskalakis, this happened
for two main reasons. Firstly, bilateral rTMS was not
compared with unilateral and sham in sufficiently large
cohorts and secondly, the duration of these studies did
not exceed ten days (Daskalakis ef al 2008). Fitzgerald
and colleagues in 2006 compared sequential bilateral
rTMS with sham rTMS in a total of fifty patients for six
weeks, which is a longer period than in the preceding
cases. At the end of the study, more than 50% of patients
reached a response and 36% of patients reached a remis-
sion in the active arm, compared to less than 10% and
no patient in the control arm. As for patients in the
sham arm who were transferred to bilateral stimulation
after the study ended, a further 45% reached a response
and 33% remission (Fitzgerald ef al 2006). Neverthe-
less, in another study by Fitzgerald comparing unilat-
eral right-sided stimulation with two forms of bilateral
rTMS (right-sided low-frequency followed by left-sided
high-frequency, and low-frequency applied on both
hemispheres) no substantial difference between the
individual forms of stimulation was found (Fitzgerald ef
al 2010). And, in a study by Pallanti, unilateral low-fre-
quency stimulation was even found to be more effective
than bilateral rTMS (right-sided low-frequency fol-
lowed by left-sided high-frequency) (Pallanti ef al 2010).
On the other hand, the set-up of stimulation parameters
in a prospective, multicenter, randomised, active sham
stimulation-controlled study by George and colleagues
proved good; this study used the intensity of 120% of
motor threshold and a total of 3,000 pulses during each
session; there were fifteen sessions followed by another
fifteen in patients who improved (George ef al 2010).

Meta-analyses

The effectiveness of rTMS in the treatment of depres-
sion can be best testified to by meta-analyses, in which
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the results from individual studies are statistically
processed.

Omne of the first meta-analyses was performed by
McMNamara and colleagues in 2001. Out of sixteen
studies under consideration that had been published
until then, he excluded eight because they lacked a ran-
domised control group and one since a group of patients
treated with ECT was used as a control group. In the
seven remaining studies, high-frequency rTMS of the
left hemisphere was applied in five cases, low-frequency
rTMS of the right hemisphere in one case and high as
well as low-frequency stimulation in the last one. The
conclusion of this meta-analysis was that rTMS is effec-
tive in the treatment of depressive disorder (McNamara
ef al 2001).

Another meta-analysis was published by Holt-
rheimer and colleagues in the same year It included
twelve studies (eleven of them using stimulation of
the left DLPFC) whose weighted mean effect size was
0.81 (95% CI: 0.42, 1.20, P<0.001), but the number of
responders (those who achieved at least a 50% reduc-
tion in the severity of depressive symptoms on the
HRSD scale) was low (13.7% compared to 7.9% in con-
trol sham groups). The authors therefore concluded
that active rTMS is statistically more effective than
sham stimulation in the treatment of depression {with
medium to large effect size), but the clinical effect is
only mild (Holtzheimer ef al 2001).

A year later, Burt and colleagues performed another
meta-analysis, dividing the studies included into three
categories. The first one contained nine open-label and
uncontrolled studies, in the second one there were 23
studies controlled by sham stimulation or eventually
otherwise, and, finally, the third one comprised three
studies comparing rTMS with ECT. In the case of the
open-label studies he found a statistically significant
change with weighted effect size (Cohen’s d) of 1.37,
which corresponds to large statistical effect. Nonethe-
less, the clinical effect was relatively mild - on aver-
age there was a reduction in the severity of depressive
symptoms assessed on the HRSD or MADRS scale
of 37.03%. In the case of the controlled studies the
effect size (Cohens d) was 0.67 which, according to
the authors, corresponded to medium-large statistical
effect, whereas the clinical effect was again assessed as
a rather mild one (reduction in the severity of depres-
sive symptoms by 23.82% compared to 7.30% in control
groups). A meta-analysis of ECT-controlled studies
demonstrated a greater effect of ECT, although the dif-
ference in the percentage improvement was only small
(54.47% compared to 47.13%) and in the case of rTTMS
it was higher than in the studies from the first two cat-
egories, which, according to the authors, was given by a
longer duration of treatment than the usual one or two
weeks (Burt ef al 2002).

In the same year, Kozel and George came up with
another meta-analysis. They included in it a total of
twelve randomised, sham stimulation-controlled stud-

ies of the left prefrontal cortex with 230 subjects. The
cumulative effect size found was 0.53; the authors con-
cluded that their meta-analysis supports the hypoth-
esis that rTMS of the left prefrontal cortex represents
a method of choice for acute antidepressant treatment
with a statistically significant effect size and measurable
clinical improvement (Kozel & George 2002).

In 2003, Martin and colleagues published in the
Cochrane database a meta-analysis which was rather
critical of the use of rTMS in the treatment of depres-
sion. He included into it a total of fourteen randomised
studies that compared rTMS with sham stimulation.
After two weeks of treatment a statistically significant
improvement after active rTMS was proved, which,
however, was not significant any more after a two-week
follow-up. Martin assessed the quality of these stud-
ies as generally low, arguing that they do not prove the
effectiveness of rTMS in the treatment of depression
(Martin ef al 2003).

Two years later, another meta-analysis was elabo-
rated by Couturier. The incusion criteria were rela-
tively strict and comprised, inter alia, also the duration
of rTMS of only five to ten days. Out of nineteen studies
under consideration, therefore, only six of them were
included in the meta-analysis with a total number of
91 subjects. The author did not prove a statistically sig-
nificantly greater effectiveness of active rTMS in com-
parison with sham stimulation in this meta-analysis
{Couturier 2005). A weak point of this meta-analysis,
however, is usually seen in the fact that due to the low
number of studies and subjects included, its power to
find a significant difference between active and sham
stimulation is very limited (Daskalakis et al 2008).

In 2007, Gross and colleagues tried to find out
whether recent studies using new parameters of stim-
ulation have larger dinical effect. They compared a
total of five studies with 274 patients with older stud-
ies that Martin had included in his meta-analysis and
that included 324 patients. The resulting pooled effect
size (standardised mean difference) of the more recent
studies was —0.76, and that of the older studies -0.35,
which is markedly lower. According to the authors of
this meta-analysis it was thus confirmed that the more
recent studies prove a pgreater antidepressant effect
of rTMS, primarily thanks to improved stimulation
parameters and the inclusion of a higher number of
patients (Gross ef al 2007).

A year later, two meta-analyses were published. Into
the first of them, which did not appear in print until
2009, Schutter included a total of thirty double-blind,
sham stimulation-controlled parallel-group studies
with 1164 patients examining the antidepressant effect
of high-frequency rTMS applied on the area of the left
DLPFC. A weighted mean effect size amounting to 0.39
was found, which was assessed as robust and compa-
rable with common antidepressants {Schutter 2009).

The second meta-analysis from 2008 by Lam and
colleagues included 24 randomised, sham stimulation-
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controlled studies in altogether 1092 patients with resis-
tant depression (ie. those who had failed at least one
treatment trial). The meta-analysis proved that active
rTMS was significantly more effective in comparison
with sham rTMS (the response was achieved in 25% of
patients in comparison with 9% and remission in 17%
of patients treated with active rTMS compared to s &%
treated with sham rTMS). According to the authors of
this meta-analysis, rTMS is effective in the therapy of
resistant depression, but further studies need to be car-
ried out before it can be regarded as the method of first
choice in this indication {Lam ef al 2008) (for overview
of the meta-analyses, see Talb. I).

Prediction of effectiveness and duration of

the antidepressant effect of rTMS

In an effort to select patients suitable for treatment
with rTMS, some researchers dealt with the predictors

rTM5 in the treatment of depression

of effectiveness of this treatment method. These pre-
dictors can be divided into patient-related factors and
treatment-related factors (Lisanby ef al 2009). The first
group contains the duration of the current depressive
episode, pharmacoresistance and age. Fregni and col-
leagues described that younger patients and patients
less resistant to treatment achieved better results after
the therapy using rTMS (Fregni ef al 2006). Also Brake-
meier and colleagues stated that patients least resistant
to treatment as well as patients with shorter duration
of the current episode showed greatest improvement
after rTMS. He also found out that patients with sleep
disturbances derived greater benefit from the treat-
ment { Brakemeier et al 2007). In a recent study, Lisanby
and colleagues demonstrated in a cohort of altogether
301 patients that the strongest predictor of a positive
effect of rTMS is a low number of prior failed treatment
trials in the course of the current depressive episode,

Tab. 1. Overview of meta-analyses of TMS effectiveness in the treatment of depressive disorder.

Meta-analysis (authors, Evaluation of rTMS
fﬂrﬂfplﬁ"{]thl‘l' stdi'!‘l imldﬁd nl‘l“hl- '[ i 5
McMamara eral 2001 & studies with 81 subjects NMT 2,3 Effective

(95% C11.6-4.0)
Holizheimer et ol 2002 12 studies using rTMS of left or ight  Weighted mean E5 0.81 (95% C10.42-  Rather effective

DLPFC 1.20, p<0.001}

13.6% responders vs. 7.9%

Burt et.al 2002 Open-label studies [9) Cohen's d=1.37 [reduction in the severity Rather effective

Controlled studies (23)

Studies comparing ECT and (TMS (3}

of symptoms by 37.03%)

Cohen's d=0.67 (reduction in the severity
of symptoms by 23.82% vs. 7.30%)
Cohen's d=0.21 [reduction of 54.47%

vs. 47.13% in favour of ECT)

Kozel & George 2002 12 studies with 230 subjects using left- Cumulative ES 0.53 Effective
sided rTMS
Martin et al 2003 14 studies (13 of them using left- Standardised mean difference -0.35; Rather ineffective
sided high-frequency rTMS) with 324 (95% (1
subjects -0.66 to -0.04)
After 2 weeks standardised mean
difference -0.33; (95% €1 -0.84 10 0.17)
Couturier 2005 6 out of 19 studies with high- Weighted mean difference Ineffective
frequency rTMS of left DLPFC with 91 -1.1 (95% O] 4.5 to 2.3)
subjects
Gross etal 2007 & recent studies with 274 subjects Standardised mean difference of recent  Effective
compared with older studies studies
from Martin's meta-analysis with 324  -0.76 (95% (1 -1.01 10
subjects -0.51)
Schutter 2009 30 studies with 1,164 subjects using  Weighted mean £5039 (95% (1025 Effective
high-frequency rTM5 of left DLPFC 1o 0.54)
Lam etal 2008 24 studiss with 1,092 subjects with Response in 25% of subjectsvs. in @ Effective

resistant depression treated with high-

frequency rTMS of left DLPFC

and remission in 17% of subjects vs. 6%
NMT for response 6 and for remission 7
Standardised mean diff. 0.48 (95% Cl
(.28 to 0.69; in 21 studias)

(1 - confidence interval; DLPFC - dorsolateral prefrontal cortex; ECT - electroconvulsive therapy; ES - effect size; MNT - number needed to

treat; rTMS - repetitive transcranial magnetic stimulation
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ie. lower resistance to treatment. Other positive factors
may, according to the authors, include also a shorter
duration of the current episode and absent comorbidity
with anxiety disorder ( Lisanby ef al 2009).

Treatment-related factors include stimulation inten-
sity, frequency, the total number of pulses administered
and the duration of treatment, i.e., the number of ses-
sions. With increasing distance from the coil to the
target cortex, the intensity of stimulation reaching the
patients brain decreases, which is negatively related to
the anti-depressant effect of r'TMS (Lisanby ef al 2009).
The influence of cortical atrophy on the distance from
the coil may, according to certain authors, contribute to
a lower effect of stimulation in eldedy patients (Fregni
et al 2006; Mosimann ef al 2004; Su ef al 2005; Aguirre
et al 2010). It has also been proven that regional activ-
ity of the brain tends to be associated with a different
response to high-frequency and low-frequency stimula-
tion {Kimbrell ef al 1999),

Relatively little is so far known, however, about the
duration of the antidepressant effect of rTMS and its
reproducibility. In 2008 a study was published that
attempted to supply these missing data. It was found
out in sixteen patients without medication that repeated
stimulation in those who benefited from the first course
of rTMS had a positive effect also in the case of repeated
application. It was also stated that the duration of the
antidepressant effect did differ from patient to patient,
but it amounted to nearly five months on average
{Demirtas-Tatlidede et al 2008).

REPETITIVE TRANSCRANIAL MAGNETIC
STIMULATION AND COGNITIVE FUNCTIONS

As has been mentioned above, repetitive transcranial
magnetic stimulation has a minimum of adverse effects.
This is also true for a potential negative impact on cog-
nitive functions through the action of rTMS. Huang and
colleagues, for instance, examined in 24 healthy volun-
teers the influence of unrepeated rTMS applied on the
area of the left DLPFC on cognitive functions. He did
not find any significant difference between the effect of
active and sham rTMS on cognitive functions, yet he
did record a statistically significant negative correlation
of percentage shortening of choice reaction time with
the age of volunteers, which may indicate that active
stimulation may have greater influence on cognitive
functions in younger individuals (Huang et al 2004).
Several authors also dealt with the influence of rTMS
on cognitive functions in patients with depression. No
negative effect of rTMS was found e.g. by Triggs. Loo,
Speer or Mosimann (Triggs ef al 1999; Loo ef al 2001;
Speer et al 2001; Mosimann ef al 2004). Several other
studies, on the contrary, noted an improvement of cog-
nitive performance. These indude, for instance, a study
by Klimesche and colleagues, in which they exam-
ined the impact of r'TMS applied on the mesial fron-

tal a and right parietal cortex, then a work by Martis
and colleagues that noted the improvement of work-
ing memory, executive functions and psychomotorics
following high-frequency rTMS, or a study by Moser
and colleagues in which an improvement of execu-
tive functions after rTMS using 20-Hz frequency was
found (Klimesch ef al 2003; Martis ef al 2003; Moser ef
al 2002).

In a recent overview concerning the influence
of high-frequency rTMS on cognitive functions of
patients with mental or neurological disorders and
healthy volunteers Guse summarises, on the basis of
studies performed from 1999 to 2009, that significant
improvement of cognitive performance was most often
caused by rTMS of frequency 10, 15 or 20 Hz applied
on the area of DLPFC, with a total number of ten to
fifteen sessions and of the intensity of 80-110% of indi-
vidual motor threshold. At the same time he also states
that patients have shown greater tendencies towards
improvement than healthy volunteers (Guse ef al 2010).

CONCLUSION

Transcranial magnetic stimulation is a relatively new
method used in neurophysiological research, but also
in the treatment of certain neuropsychiatric disorders.
Its principle consists in influencing the brain using a
changing magnetic filed For therapeutic purposes,
a so-called repetitive transcranial magnetic stimula-
tion is used in particular which can be divided into
high-frequency and low-frequency. Psychiatrists have
most experience with this method in the treatment of
depressive disorder, but they are trying to use it in other
indications as well, for example in the therapy of schizo-
phrenia. Its advantages include good tolerability and,
provided contraindications are respected, also safety.

The mechanism of antidepressant effects of rTMS
has not been fully elucidated yet. According to pre-
clinical studies, rTMS normalises the function of the
hypothalamic-pituitary-adrenal axis, influences new-
rotransmitter systems, can have a neuroprotective
effect and on the whole it can be said that its effects are
similar to those of ECT. Clinical studies, in their turn,
have proven its impact on cortical excitability and the
metabolic activity of neurons.

A number of studies have been carried out dealing
with the effectiveness of rTMS in the therapy of depres-
sion. Daskalakis divides them into three penerations:
the first one, according to him, includes older studies
with a maximum of ten sessions, the second one com-
prises studies with more than ten sessions and, finally,
the third generation covers studies using some kind of
innovative approach, such as bilateral stimulation. The
studies performed have also been processed in several
meta-analyses, the majority of which confirmed statis-
tically significant effectiveness of rTMS in comparison
with control cohorts and, more recent meta-analyses in
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particular, also good clinical effectiveness of this thera-
peutic method, even in patients resistant to treatment.

The predictors of the effectiveness of rTMS include,
according to research conducted so far, mainly a lower
resistance to treatment, shorter duration of the current
depressive episode and, according to certain data, also
a lower age of patients and the absence of a comorbid
anxiety disorder. The duration of the antidepressant
effect following rTMS is not accurately known, but
can be roughly estimated at several months, with the
probability that this effect can be induced again using
repeated stimulation.

It can thus be concluded that repetitive transcranial
magnetic stimulation represents a method of choice
in the treatment of depression, even though further
studies are needed in order to provide more accurate
data on the mechanism of its action, help optimise the
stimulation parameters and select patients who would
derive greatest benefit from this therapeutic method.
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PUVODNI PRACE

ORIGINAL PAPER

Repetitivni transkranialni magneticka
stimulace v |é¢bé depresivni poruchy -
randomizovana, jednoduse slepa,
antidepresivy kontrolovana studie

Repetitive Transcranial Magnetic
Stimulation in the Treatment of Depressive
Disorder — a Randomized, Single-blind,
Antidepressants-controlled Study

Souhrn

Cit- Cilemn nadi randomizované, jednodue slepé studie bylo owsfit (&innost wesokofrekventni
repetitivni transkranidlni magnetické stimulsce nad oblasti levéhe dorzolaterdinihe prefron-
tdiniho kortexu ve srovndni s antidepresivy L nebo V. generace u pacientd s depresimi
poruchou. Soubor a metadika: Do studie bylo zafazeno 40 padentd s diagndzou dapresimi
epizody nebo rekurentni depreswni poruchy, ktefi byli ndhodné rozdéleni do dvou stejné
velkych skupin. Jedna skupina byla po tydenniwash-out periodé lédena stimulaci, druhd an-
tidepresivy. Psychopatologie byla hodnocena za pomoci Hamiltonovy 2kily deprese (HAMD)
a Montgomeryho a Asbergové 2kily pro posouzeni depress (MADRS) pied léfbou a po jejim
skondeni. Stimulace byla aplikowina nad zminénou cblasti o frekvend 15 hertzll, intenzité
110% klidového motorického prahu, poet pulzd bé&hem sezeni byl 1 500 a pofet sezeni
15. W kontrolni skuping byla podévéna antidepresna. VWsledky: Ve skuping lé2ené stimulaci
dogb k signifikantnimu poklesu (p = 0,001) skéru v cbou 2kalich (HAMD: 2 21,15 =363 na
9,05 + 3,76 bodu; MADRS: z 2895 + 4,25 na 13,00 + 4,89 bodd). Ve skuping léfené
antidepresivy nastal rownéF signifikantni pokles §p = 0,001} skdru v obou 2kalich (HAMD:
z21,05 £ 2,79 na 9,55 + 3,24; MADRS: z 29,70 = 3,92 na 13,55 = 3,93). Roadily mezi
skupinami statsticky wanamné nebyly. Ve skupiné léfené stimulaci byle 14 respondérd,
ve skuping |é2ené antidepresivy bylo 13 respondértl. Zivény: Podafilo se prokazat, e vyso-
kot rekvenéni repetitivni transkranidini magneticks stimulace byla 08inné v l6fbé dapresimi
poruchy a tato GZinnost nebyla niZi nez u bé&né uFivanych antidepresv.
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REPETITIVNI TRANS KRANIALNI MAGNETIC KA STIMULACE V LECRE DEPRESIVNI PORUCHY

Abstract

Aim: The aim of our randomized, single-blind study was to assess the efficacy of high-frequency repetitive transcranial magnetic stimulation
over the left dorsolateral prefrontal cortex in comparson with common antidepressant of the third or fourth generation in patients with
depressive dsorder. Methods Forty patients diagnosed with a depressive epsode or recurrent depresive disorder were included in the study.
They were randomised into two groups. One group was treated after one-week wash-out period with stimulation, the other with antide-
pressants. Every patient was rated before and after the treatment wsing Hamilton depression rating scale (HAMD) and Montgomery Asbeng
depression rating scake (MADRS). The stimukstion was adminstered over the left dorsolateral prefrontal cortex, the stimulation frequency
wz 15 Hz, the intensity was 110% of resting motor threshold, the whole number of pukes during one session was 1,500 and the number
of sesions was 15. Patients in a control group were treated with antidepressants. Results In the stimulation group, the psychopathology
score decreased statistically sgnificantly (p = 0.001) on both scales (HAMD: from 21.15 £3.63 to9.05 + 3.76; MADRS: from 2895+ 4,250
13.00 = 4.89). The psychopathology score in the confrol group of patients treated with antidepressants ako decreased statistically signifi-
cantly [p = 0.001) on both scales (HAMD: from 21.05 + 2.79 1o 9.55 + 3.24; MADRS from 29.70 £ 392 10 13.55 + 3.93). The difference
between both groups was not statstically significant. There were 14 responders in the stimu lation group and 13 responders in the control
group. Conclusion: Our study confirmed that repefitive transcranial magnetic stimulation was effective in the treatment of depresive disor-

der and this effect was not inferior to the gfect of commeon antidepressants.

Uvod
Repotitivnl trarckranislnl magneticks sfi-
mulace (rTMS) je neurcstimulaZnl me-
toda zalo2end na principu elektromag-
nefické indukce. Zkoufena byla a stdle je
pro terapii fady neuropsychiatrickych po-
fuch, nejvice rkufenostl < nl viak mame
v leédhé depresivnl poruchy. Depresival
porucha se fadl mezi zdvaZind a znescho-
piujki onemaocnénl, pfidems nezanedba-
telnd Cast pacientd, kiefl ji trpl, Zistdva
farmakorezistontnl nebo pro neXsdoucl
Gdnky netoleruje antidepresivnl medikaci.
To otevird prostor nefarmakologickym
[&ebnym postupdm wetnd zminovang
rMAS. WV 1&che depresii poruchy e nej-
Castji uXivd vysokofrekvendnl rTMS cllend
na oblast levého dorzolater dlnho prefron-
tdiniho kortexu (DLPFC), méné se wuhd
nizkofrekvendni rTMS zaméfend na pravy
DLPFC a v nékolika studikch byla ovefo-
wina | bilaterdlnf stimulace obou DLPFC.
Teoreticke zddvodnénl pro pouitl rTMS
v lahd depresivnl poruchy [ze hiedat ve
studikch na animalnich modelech i v kli-
nickych studiich. ¥V animdlnich studiich
bylo zjgténo, 2e rTMS vede k podobnym
Zménam jako elekirokonvulzivnl terapie,
to znamend, 2e dochdzl k oviivnénl dopa-
minergnl, serotonergnl a noradrenengnl
neurotransmise, popsdn byl | neuropro-
tektivnl Oinek rTMS [1-4]. V Klinickych
studiich bylo zjisténo, Ze rTMS pdsobl
normalizaci prefrontainl hypoaktivity, wy-
sokofrekvendnl stimulace owiuje a niz-
kofrekvendnl stimulace sniZuje kortikslnl
aktivitu, navic skrze spojenl z prefrontal-
niho kortexu jsou ovlivnény i vzdalen &3l
limbické a paralimbické oblasti [1,5,6].

Vice o machanizmu &finku a jednotlivych
studikch lze nalézt v prehledovém Jlanku
zroku 2010 [7].

Vysledky fady studil ovsfujickch dgin-
nost a také bezpednost rTMS Zpracovalo
do roku 2010 ngjméné 15 metaanalyz, je-
jichd wisledky shirnuli ve svém | metapie-
hiedu® z roku 2011 Dell'Ceso et al [B]. Die
jejich zavénh prvnl metaanalyzy ukazaly
pouPe spomou adnnost FTMS — vEtinou
prokazaly vetsi efekt vysokofrekvendnl
iTMS levého DLPFC oproti shamowvd sti-
mulad, klinicky efokt viak byl diskutabilni.
NovEEl metaanalyzy plinesly piesvaddi-
v ilvysledky, cof bylo dano vetil statistic-
kou silou recentn&zich studil a metaana-
lyz a také prodloutenim doby Kby (resp.
poctu jednotivich sezeni — sessions).

Metaanalyzy zpravidla shmuji data
7 klinickych studil srovndvajicich Gdin-
nou {aktivnl) stimulaci oproti stimulaci
shamové. Mnohem méné Gdajd je vak
Z béZné klinické praxe nebo alespon pod-
mingk, kterd by se ji bliFEly, a takika chybl
pfim é srovnanl s antidepresivy (AD), kterd
Eou v & depresivnl poruchy pouZivana
nejastsi.

Cllem nati studie bylo posoudit &in-
nost vysokofrekvendni rTMS aplikované
na oblast levého DLPFC v 1&hé depre-
sivnl poruchy a dale srovnat jejl Ginnost
s bé¥nd udvanymi antidepresivy lll. nebo
IV. generace. Nati hypotézou Cklo 1 bylo,
e po rTMS dojde k signifikantnimu sni-
Fenl zavainosti depresivnl poruchy. Hypo-
tézou Cklo 2 bylo, Ze toto snifenl zdva2-
nosti depresivnl poruchy po rTMS nebude
niZl ne? v konfrolnim souboru padentd
lé¢enych béing uXhanymi anfidepresivy.

Soubor a metodika

Uspofddani studie a kritéria
zafazeni padentd do souboru
Studie byla koncipovana jako randomi-
Zovana, jednoduse skepd, aktivnl lédbou
kontrolovand klinickd studie zkoumajicl
efekt fTMS ve srovndnl £ antidepresivy
béhern i tydnd.

Do studie byli zafazowdni pacienti -
mud, hospitalizovan( na Psychiatrické kli-
nice Lékarské fakulty Masarykovy univer-
Zity a Fakultnl nemocnice Brng (PE LF MU
a FN Brno) s diagndzou depresivnl epi-
zody nebo rekurentni depresivnl poruchy
(F32 nebo F33 die 10. revize Mezinarodnl
klasifikace nemocl, katédl pro wzkum).
Diagndza byla ovéiena dvéma zkutenymi
psychiatry.

WluCovacimi kriténi zafazeni do studie
byly psychotickeé pfiznaky, awsené nzko
suiddia Ekodre 3 a vwiil v polodce Sklony
k sebevraids Hamiltonowy Skaly deprese -
HAMD), jakakoli komorbidnl psychicks
porucha a také zdvislost na psychoak-
tivnich latkach vyjma tabdku. Vylouleno
bylo | zafazenl pacientl, ktefl trpl nebo
v minulosti trpdl néjakym neurclogickym
onemocnénim (predeviim epilepsil, vwwiou-
Zeni byl | pacienti, ktefl meli v minulosti
abnormnl EEG zaznam), dale kardiovas-
kuldrnim, cerebrovaskuldrnim, endokrin-
nim nebo systémowvym autolmunitnim
onemacnénim. Do studie rovné? nebyli
Zafazeni padenti leni fluoxetinem nebo
depotnim antipsychotikem. K wyludova-
clm krtériim naleZela také kontraindikace
provadeni rTMS (EES wietfenl se prowd-
délo pouze u padentd we zkoumaném
souboru, ). tch, u nichd méla byt apliko-
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