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1. SOUHRN

Tato habilitani prace je souborem ctrnacti komentovanych publikaci. Sklada se celkem ze
tii Casti. Prvni Cast pfedstavuje struéné sezndmeni s problematikou transkranialni magnetické
stimulace cerpané z recentni odborné literatury. Je vysvétlen jeji princip, parametry,
mechanismus pilisobeni, indikace, kontraindikace a nezadouci ucinky. Blize je pak popsano
jeji vyuziti ve vyzkumu kortikélni inhibice a excitability u depresivni poruchy a schizofrenie a

pak zejména jeji pouziti v terapii téchto dvou dusevnich poruch.

Druh4 c¢ast habilitacni prace se sklada ze ¢tyi komentovanych publikaci popisujicich vyuziti
transkranidlni magnetické stimulace ve vyzkumu kortikdlni inhibice a excitability u
depresivni poruchy, a predevsim u schizofrenie. Specificky se tyto prace zaméfily zvIasté na
efekt psychofarmak (antipsychotik) a elektrokonvulzivni terapie na zménu kortikalni inhibice
u pacientli se schizofrenii. V pilotni studii bylo zjiSténo, ze paliperidon mize u pacienta
s prvni epizodou schizofrenie prodlouzit délku tzv. kortikdlni tiché periody, coz je jeden
z markertt kortikalni inhibice spjaty s neurotransmisi mediovanou kyselinou gama-
aminomaselnou, konkrétn¢ jejimi receptory tfidy B. Totéz se pak podafilo ovéfit na vétSim
souboru pacientl s prvni epizodou schizofrenie pro risperidon (jehoZ je paliperidon aktivnim
metabolitem). Rovnéz také elektrokonvulzivni terapie dokazala u stabilizovaného pacienta

vést k prodlouzeni délky kortikalni tiché periody, a tim ovlivnit zminénou neurotransmisi.

Tteti ¢ast habilitatni prace se sklad4d z deseti komentovanych publikaci. Prvni dvé se
zabyvaji 1écbou depresivni poruchy pomoci repetitivni transkraniadlni magnetické stimulace,
pficemz druhd z nich prezentuje randomizovanou kontrolovanou studii prokazujici, ze tato
metoda méa vV monoterapii obdobny terapeuticky potencial jako béZn¢ uzivana antidepresiva.
Dalsi prace prezentuje randomizovanou, shamovou (placebovou) stimulaci kontrolovanou
studii potvrzujici, ze vysokofrekvencni repetitivni transkranialni magneticka stimulace muze
zmirnit zavaznost negativnich ptiznakt schizofrenie. Nésledujici, v potadi ¢tvrta prace v této
¢asti, navazuje na piedchozi a diky vét§imu poctu zatazenych pacientli umozZiluje i analyzu
osvétlujici, které negativni pfiznaky schizofrenie jsou po stimulaci zmirnény. P4ta prace této
Casti pak prezentuje opét randomizovanou, shamovou stimulaci kontrolovanou studii
popisujici pozitivni efekt repetitivni transkranidlni magnetické stimulace na redukci poctu
vykoufenych cigaret u pacientil se schizofrenii. Naopak Sesta prace popisuje studii, ve které se

nepodaftilo prokdzat, ze by stimulace mohla pozitivné ovlivnit kognitivni deficit (konkrétné



pracovni pamét’) u pacientli se schizofrenii ¢i uroven aktivace neuronalnich siti. Sedma pilotni
studie popisuje snahu ovlivnit obsedantné kompulzivni poruchu a komorbidni depresivni
poruchu pomoci nizkofrekvencni stimulace — Vv pfipad¢ depresivni poruchy byla tato snaha
uspésnd, v pripadé¢ obsedantné kompulzivni poruchy nikoli. Dalsi dvé prace predstavuji
vzacné nezadouci UCinky transkranidlni magnetické stimulace — depresogenni efekt jediného
sezeni vysokofrekvencni stimulace pravého dorsolaterdlniho prefrontalniho kortexu u
dospé€lého pacienta s poruchou pozornosti/hyperaktivni poruchou a depresivni poruchou
v anamnéze a déle relaps schizofrenie (konkrétné navrat pozitivnich pfiznakd) u pacienta po
inicialnim sezeni vysokofrekvencni stimulace levého dorsolaterdlniho prefrontdlniho kortexu
pro negativni pfiznaky. Posledni prace popisuje inovativni stimula¢ni paradigma/protokol pro
pacienty se schizofrenii s pretrvavajicimi pozitivnimi piiznaky (zejména sluchovymi
halucinacemi) soucCasné¢ i negativnimi ptiznaky nazvany sekvencni frontotemporalni

stimulace.



2. SUMMARY

This habilitation thesis is a set of fourteen commented articles. It consists of three parts. The
first part briefly introduces transcranial magnetic stimulation as described in recent scientific
literature — its principle, parameters, mechanism of action, indications, contraindications, and
adverse effects. Its 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 of four 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
(antipsychotics) 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 inhibition mediated by
gamma-aminobutyric acid, namely its B receptors, in a patient with first-episode of
schizophrenia. This conclusion was later repeated in a more representative sample of patients
with first episode of schizophrenia treated with risperidone (paliperidone is its active
metabolite). Electroconvulsive therapy in a stabilized patient had a similar effect — the

prolongation of cortical silent period and the change of the 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 presents a randomized controlled trial, which confirms a
comparable treatment potential of magnetic stimulation as a monotherapy with the potential
of commonly used antidepressants. Another article presents a randomised, sham (placebo)
controlled trial confirming that high frequency repetitive transcranial magnetic stimulation
can improve negative symptoms of schizophrenia. Another article, the forth article in this
part, follows in the previous one and because of a higher number of patients it enables an
analysis of particular 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 cigarettes smoked by
patients with schizophrenia. On the contrary, the sixth article describes a study, which failed
to prove positive effect of the stimulation on cognitive deficit (namely working memory) in



patients with schizophrenia and on neuronal activation. The seventh article describes a pilot
study of the use of low frequency repetitive transcranial magnetic stimulation in the treatment
of obssesive-compulsive disorder and comorbid depressive disorder — the stimulation was
successful in the treatment of depressive disorder, but not in the treatment of obsessive
compulsive disorder. The next two articles present rare adverse effects of transcranial
magnetic stimulation — induction of depression after one session of high frequency
stimulation of the right dorsolateral 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 frequency stimulation of the left dorsolateral prefrontal cortex to treat negative
symptoms of schizophrenia. The last article introduces an innovative stimulation
paradigm/protocol for patients with schizophrenia with positive (especially auditory

hallucinations) and negative symptoms called sequential frontotemporal stimulation.



3. UVOD

Tato habilitacni prace popisuje vyuziti transkranidlni magnetické stimulace ve vyzkumu a
terapii depresivni poruchy a schizofrenie. Je rozdélena do tii ¢asti. V prvni, ivodni ¢asti, je
struéné shrnuta charakteristika a princip transkranidlni magnetické stimulace, jeji parametry,
mechanismus pusobeni, indikace, kontraindikace a nezadouci ucinky. Poté je popsano jeji
vyuziti ve vyzkumu depresivni poruchy a schizofrenie, konkrétn¢ predevsim ve vyzkumu
kortikalni inhibice a excitability u téchto dvou dusevnich poruch; v posledni ¢asti uvodni
pasaze je rozebrano vyuziti repetitivni transkranialni magnetické stimulace v terapii

depresivni poruchy a schizofrenie.

Jadrem habilitacni prace jsou dalsi dvé ¢asti, které tvofi ctrnact komentovanych publikaci.
Prvni ¢tyfi se tykaji uziti transkranidlni magnetické stimulace ve vyzkumu kortikalni inhibice
a excitability u depresivni poruchy a zejména pak u schizofrenie. Prvni publikace shrnuje
dosavadni poznatky =z této oblasti, druhd popisuje pilotni praci ve vyzkumu vlivu
antipsychotika paliperidonu na kortikalni inhibici u pacienta s prvni epizodou schizofrenie,
tieti prace pak predstavuje studii na vétsim souboru pacientll s prvni epizodou schizofrenie
zkoumajici efekt antipsychotické medikace (konkrétné risperidonu) na kortikdlni inhibici;
posledni prace z této skupiny zaznamenava efekt udrZzovaci elektrokonvulzivni terapie na

kortikalni inhibici.

Tteti, nejrozsdhlejsi ¢ast, se skladd z deseti komentovanych publikaci. Prvni shrnuje
poznatky o vyuZziti repetitivni transkranidlni magnetické stimulace v terapii depresivni
poruchy, druhd pak prezentuje randomizovanou studii srovndvajici pouziti repetitivni
transkranidlni magnetické stimulace jako monoterapie v 1écbé depresivni poruchy s 1écbou
antidepresivy. Treti komentovand publikace popisuje randomizovanou, shamovou stimulaci
kontrolovanou studii, v niz byl zkouman efekt repetitivni transkranialni magnetické stimulace
v 16¢bé negativnich piiznakt schizofrenie. Ctvrta prace uzce navazuje na tieti; diky vys§imu
po¢tu doni zafazenych pacienti se podafilo ucinit i piesnéj$i analyzu jednotlivych
negativnich ptiznakd, které repetitivni transkranidlni magnetickd stimulace dokazala ovlivnit.
Pata komentovana publikace prezentuje randomizovanou, shamovou stimulaci kontrolovanou
studii, ktera zkoumala moZnost vyuZiti repetitivni transkranidlni magnetické stimulace
k redukci poétu vykoufenych cigaret u pacientii se schizofrenii. Sestd prace popisuje efekt

repetitivni transkranialni magnetické stimulace na pracovni pamét a potencial aktivovat
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neuronalni sité méfitelny zobrazovacimi metodami. Sedma publikace piedstavuje pilotni praci
zkoumajici Uc¢innost repetitivni transkranidlni magnetické stimulace v terapii obsedantné
kompulzivni poruchy s komorbidni depresivni poruchou. Dal§i dv€ prace pak popisuji
nezadouci Gc¢inky transkranialni magnetické stimulace — prvni z nich depresogenni potencial
vysokofrekven¢ni stimulace pravého dorsolateralniho prefrontdlniho kortexu u dospélého
pacienta s poruchou pozornosti/hyperkinetickou poruchou a komorbidni depresivni poruchou
vV anamnéze, druhd rozvoj pozitivnich pfiznakli schizofrenie po inicidlnim sezeni
vysokofrekven¢ni stimulace levého dorsolateralniho prefrontalniho kortexu pro negativni
ptiznaky. Posledni komentovana prace prezentuje inovativni stimula¢ni paradigma ovéfené na

pacientovi s pozitivnimi i negativnimi ptiznaky schizofrenie.

V piiloze je pak uvedena kapitola z monografie Schizophrenia Treatment — The New
Facets, ktera shrnuje recentni poznatky o vyuziti transkranialni magnetické stimulace u

schizofrenie.

Jednotlivé publikace ve druhé a tieti ¢asti prace jsou fazeny tématicky. Shrnuji moji vice
nez desetiletou praci vtymu zabyvajicim se vyuziti transkranidlni magnetické stimulace
Vv psychiatrii. Pokud by byly fazeny chronologicky, ukazaly by vyvoj mého postaveni v tomto
tymu, ktery byl az do roku 2014 veden profesorem Pfikrylem. V prvni publikaci z roku 2007
jsem byl v potadi ¢tvrtym autorem, to se pak jesté zopakovalo u interdisciplinarni spoluprace
na praci z roku 2012 (viz kapitoly 6.3 a 6.6). V obdobi let 2008 az 2014 jsem se stal druhym
autorem (viz kapitoly 5.2, 5.4, 6.4, 6.5, 6.9 a 6.10) a jako prvni autor jsem publikoval nékolik
pievazné kratSich praci (viz kapitoly 6.1, 6.7 a 6.8), od roku 2014 jsem po onemocnéni
profesora Piikryla pfevzal vedeni tymu a publikoval dal$i prace jako prvni autor (viz kapitoly
5.1, 6.2, dale kapitola v knize uvedena v piiloze I a predevsim prace uvedena v kapitole 5.3,
kterd je mou nejvyznamnéjSi prvoautorskou publikaci uverejnénou v Casopise, jenz nalezi

mezi 25% Casopist s nejvyssim impact factorem v oboru psychiatrie).

11



4. UVOD DO PROBLEMATIKY TRANSKRANIALNI
MAGNETICKE STIMULACE

4.1 Charakteristika a princip transkranidlni magnetické stimulace

Transkranidlni magnetickd stimulace (TMS) je neinvazivni neurostimula¢ni (nebo také
neuromodulacni) metoda, ktera je zalozena na principu elektromagnetické indukce. Ten je
vyjadien tzv. Faradayovym zdkonem elektromagnetické indukce, ktery byl postulovan jiz
vroce 1831. Dle tohoto zdkona se v okoli primarni civky, v niz probiha ¢asové proménny
elektricky proud, vytvaii rovnéz proménné elektromagnetické pole, které je schopno
indukovat sekundarni elektricky proud ve vSech vodivych prostiedich nachazejicich se v jeho
dosahu. Timto vodivym prostiedim mtze byt i mozek pacienta. Dle Lenzova zékona je tento
sekundarni elektricky proud opacného sméru k proudu primarnimu (Daskalakis et al., 2008).
TMS je schopna modulovat aktivitu mozku bez chirurgického vykonu, bez anestezie i bez

vyvolani epileptického paroxysmu (Rossi et al., 2009; Camprodon et Pascual-Leone, 2016).

Prvni pokusy s neinvazivni a fokalni stimulaci nervového systému konali védci jiz na
prelomu 19. a 20. stoleti. V t¢ dobé se D’Arsonval a pozdé¢ji také Thompson pokouseli
sestrojit zafizeni, kterd vSak nebyla schopna generovat elektromagnetické pole o dostatecné
intenzité, aby mohla ovlivnit kortikalni neurony a vyvolat napf. motorickou odpovéd.
Dokazala vSak vyvolat tzv. fosfény. Pfistroj vhodny ke klinickému vyuZiti se podaftilo
sestrojit az takika o sto let pozdé&ji, konkrétné v roce 1985 Anthonymu Barkerovi a jeho
spolupracovnikiim. Ti sestrojili vysokovoltazni zatizeni schopné generovat elektromagnetické
pole o takové intenzité, které dokazalo depolarizovat kortikalni neurony a vyvolat kontrakci
svalli ruky. Toto zafizeni se sklddalo ze stimulacni civky spojené s kondenzatorem a bylo
schopné vytvofit dostatecné silny proud ve velmi kratkém casovém intervalu. Na tomto
principu jsou zalozeny i v sou€asnosti pouzivané piistroje (Barker et al., 1985; Tucek, 2002;
Bares in Bare§, Kanovsky, Dufek et al., 2003). Vybitim kondenzatoru prochazi stimulacni
civkou pfilozenou khlavé pacienta elektricky proud, ktery indukuje proménné
elektromagnetické pole o délce trvani zhruba 100 az 300 ms a intenzit¢ 1 az 2,5 Tesla.
Elektromagnetické pole prochazi bez odporu mékkymi tkanémi i lebkou a v mozku indukuje
vznik sekundarniho elektrického proudu ptsobiciho depolarizaci nebo naopak hyperpolarizaci

bunécnych membran, prerusujicich tento externé indukovany proud. Tim dochazi ke zménam
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transmembranového napéti a ke zménam iontovych kanalti zavislych na napéti. Po probehlé
TMS dochazi ksouvislé aktivaci neuronti, k metabolickym, hemodynamickym a
behaviordlnim zménam. Excitace je vyvolana piedev§im na ohybech kortiko-kortikalnich
nebo kortikospinalnich vlaken nebo na nervovych zakoncenich blizko povrchu kiiry mozkové.
Piimo je tedy ménéna funkce neuront, které se nachazeji do 1,5 az 2 cm (maximalné 3 cm) od
civky. Nepiimo vSak jsou cestou transsynaptického spojeni ovliviiovany i hlubsi struktury.

(Post et Keck, 2001; Kopecek et Bares, 2004; Lefaucheur et al., 2014).

4.2 Parametry transkranidalni magnetické stimulace

Podle poctu aplikovanych pulsi se TMS déli na:
1) jednopulsovou (single-pulse), kdy jsou pulsy aplikovany jednotlive,

2) parovou (paired-pulse), kdy jsou pulsy aplikovany po dvojicich oddélenych pauzou

trvajici nékolik milisekund a

3) repetitivni (repetitive TMS, rTMS), kdy jsou pulsy aplikovany v sériich (trainech)

trvajicich sekundy az minuty.

Prvni dva typy se vyuzivaji zejména pro vyzkumné a diagnostickeé ucely (viz dale), rTMS je
urcena predevsim pro terapeutické ucely, protoze je schopna modulovat kortikéalni excitabilitu
a konektivitu indukei neuroplastickych zmén ptipominajicich dlouhodobou potenciaci (LTP)
nebo dlouhodobou depresi (LTD), které pietrvavaji stimula¢ni periodu (Camprodon et

Pascual-Leone, 2016).

Zakladnim parametrem rTMS je jeji frekvence udavana v Hertzich Cili pocet pulsi za
sekundu. Podle ni se rTMS d¢li na nizkofrekvenéni nebo také pomalou (low-frequency rTMS,
slow rTMS) o frekvenci 1 Hz a méné a vysokofrekvencni nebo také rychlou (high-frequency
rTMS, fast rTMS) o frekvenci vétsi nez 1 Hz, zpravidla mezi 5 Hz a 25 Hz. DalSim dulezitym
parametrem stimulace je jeji intenzita vyjadiovana v procentech motorického prahu (motor
threshold — MT), zpravidla tzv. klidového motorického prahu (resting motor threshold —

RMT). Motoricky prah je definovan jako nejnizsi intenzita stimulace, ktera v pfipadé jeji
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aplikace na motoricky kortex vyvola kontrakci svalu (nejcastéji drobného svalu ruky, napft.
musculus abductor pollicis brevis) alespont v péti z deseti po sob& nasledujicich pokusech.
Nejcastéji uzivana intenzita stimulace se pak pohybuje mezi 80 a 120% individualniho RMT.
K dal§im parametrim stimulace patii délka série pulst (train) a také délka pauzy mezi nimi
(intertrain), celkovy pocet pulsit béhem jednoho sezeni (session; vyssi pocet pulst — 4 000 az
6 000 — zlepSuje efektivitu a zkracuje dobu léceni), celkovy pocet jednotlivych sezeni
(ptivodné uzivanych deset se ukazalo jako pfili§ malo, dnes se tedy pouziva nejcastéji patnact
az tiicet sezeni ve tfech az Sesti tydnech), lokalizace stimulacni civky, jeji typ (nejCastéji se
pii r'TMS pouziva tzv. osmickova civka — figure-of-eight; dale existuji civky ovalné, konické
apod.) a jeji orientace vuci hlavé (Burt et al., 2002; Hrdlicka et Ustohal in Hosék, Hrdlicka,
Libiger et al., 2015). Zkouseny jsou rovnéz specialni civky, které maji umoznovat piimé
ovlivnéni hlubSich struktur; takovda TMS se pak oznacuje jako hluboka (deep TMS). K
zaméteni stimulacni civky na oblast dorsolaterdlniho prefrontdlniho kortexu (DLPFC), ktery
je nejéastéjsSim cilem stimulace, se pouzivala a Casto pouziva klasicka ,,metoda 5 cm* (5 cm
rostralné od mista, jehoz stimulaci byl ziskan RMT). K dal$im metodam zaméteni stimulacni
civky nejen na oblast DLPFC patii uZiti mezinarodniho systému rozmisténi elektrod 10/20 a
také stereotakticka neuronavigace, ktera je povazovana za nejpiesnéj$i. Zajimavou modifikaci
stimulace (TBS) skladajici se z vysokofrekvencnich salv v pdsmu gama o nizké intenzité
opakovanych v theta frekvenci (Aleman, 2013; Hovington et al., 2013; Hrdli¢ka et Ustohal in
Hosak, Hrdlicka, Libiger et al., 2015).

4.3 Mechanismus ucinku rTMS

Mechanismus terapeutického ti€inku rTMS neni zcela presné objasnén, zmény po rTMS lze
zjiStovat na riznych Grovnich, ptficemz nékteré mohou pulsobit i protichidné, vyrazné zalezi
na stimula¢nich parametrech. Z animdlnich studii je znamo, Ze rTMS vede k podobnym
zménam jako elektrokonvulzivni terapie. To znamend, Ze dochazi k ovlivnéni dopaminergni a
také serotonergni a noradrenergni neurotransmise, popsan byl 1 neuroprotektivni ucinek
rTMS. Animalni modely dale ukazuji, Ze rTMS zvySuje prostiednictvim glutamatovych

NMDA receptorti kortikalni excitabilitu. Prokdzano bylo rovnéz zvySeni dopaminu
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V dorzalnim striatu a v nucleus accumbens, dale ovlivnéni beta adrenergnich a serotoninovych
SHT1A a SHT2 receptort (Post et Keck, 2001). Zjistény byly i zmény v neuroendokrinnim
systému — jejich ptisobenim dochazi k normalizaci funkci osy hypothalamus-hypofyza-ktra
nadledvin (Czeh et al., 2002; Keck et al., 2000; Keck et al., 2001; Hrdlicka et Ustohal in
Hoséak, Hrdlicka, Libiger et al., 2015). Z klinickych studii je znamo, Ze vysokofrekvenc¢ni
TMS zvySuje aktivitu neuront a jejich metabolismus, kdezto nizkofrekvencni je snizuje
(Fitzgerald et al., 2006; Chen et al., 1997). Lze ptedpokladat, Ze rTMS zpisobuje normalizaci
prefrontalni hypoaktivity, vysokofrekvencni stimulace zvySuje a nizkofrekvencni snizuje
kortikalni aktivitu (Prikryl et al., 2013). Kromé toho je mozné, Ze prostiednictvim spojeni
Z prefrontalniho kortexu jsou ovlivnény i vzdalenéjsi limbické a paralimbické oblasti mozku
(Loo in Wassermann et al., 2008). Bylo zjisténo, ze vysokofrekvencni rTMS v oblasti DLPFC
indukuje uvolnéni endogenniho dopaminu (Strafella et al., 2001). Popsano bylo také ovlivnéni

GABAergni neurotransmise a rovnéz zmény v neuroendokrinnim systému (Daskalakis et al.,

2006; Daskalakis et al., 2008; Loo in Wassermann et al., 2008).

4.4 Indikace rTMS v psychiatrii

v

Dosud nejvyznamnéjsi indikaci pouziti rTMS v psychiatrii je 1é¢ba depresivni poruchy. Pro
tuto indikaci byla také rTMS v roce 2008 schvalena americkou Food and Drug Administration
(FDA). Jako bezpecna metoda byla schvéilena 1 v Evropské unii. NejCastéji uzivana je
vysokofrekvencni rTMS cilend na oblast levého DLPFC, obdobna tc¢innost byla prokazéana i
pro nizkofrekvencni rTMS cilenou na oblast pravého DLPFC; zkuSenosti je s ni vSak o néco
méné neZ v piipadé vysokofrekvenéni stimulace. Uginnost rTMS v 1é¢bé depresivni poruchy
se osvédCuje nejen v klinickych studiich, ale prokazuje se i v podminkach bézné klinické
praxe (vice viz déle). Navic rTMS lze pouzit nejen pro akutni 1é€cbu, ale ptipadné i udrzovaci

(Lefaucheur et al., 2014; Hrdlicka et Ustohal in Hosak, Hrdlicka, Libiger et al., 2015).

Dalsi indikaci, ve které je rTMS také zkouSena (zatim pievazné¢ experimentdln¢),
pfedstavuje schizofrenie. Konkrétné se uziva nizkofrekvencni stimulace cilena na oblast
temporoparietalniho kortexu (TPC) k1écbé rezistentnich sluchovych halucinaci jako

augmentace antipsychotické 1éCby. Efekt této terapie je dle dosud publikovanych metaanalyz
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povazovan za mirny az stiedni, doba jeho pfetrvavani se vSak jevi jako kratsi, nez v ptipad¢
depresivni poruchy (Lefaucheur et al., 2014; Hrdlicka et Ustohal in Hosak, Hrdlicka, Libiger
et al., 2015). Dalsim moznym pouzitim rTMS u pacientl se schizofrenii je snaha o zmirnéni
negativnich ptiznakl. Zde se nejCastéji uplatituje vysokofrekvencni stimulace levého DLPFC,
ktera opét slouzi jako augmentace antipsychotik (vice viz dale) (Lefaucheur et al., 2014;

Hrdlicka et Ustohal in Hosak, Hrdlicka, Libiger et al., 2015).

Z dalsich indikaci byla rTMS zkouSena v 1é¢bé obsedantné kompulzivni poruchy (OCD).
Zatimco puvodné zkouSena stimulace prefrontalniho kortexu se neukazala jako pfili§ uc¢inna,
nadéjnéji se 1 z hlediska patofyziologie OCD jevi v sou€asnosti testovand suplementarni
motoricka area (SMA, respektive preSMA) a poptipadé i orbitofrontalni kortex (OFC), i kdyz
ani zde nejsou vysledky zcela presvédcivé (viz dale). V né€kolika studiich byla snaha pouzit
I'TMS v 1é¢bé posttraumatické stresové poruchy (PTSD). Dosavadni vysledky naznacuji, ze
by v 1écbé této poruchy mohla byt ucinna vysokofrekvenéni stimulace pravého DLPFC,
ptipadné i stimulace nizkofrekvencni. O moznosti pouziti rTMS v terapii uzkostnych poruch
(generalizované uzkostné poruchy nebo panické poruchy) toho vime zatim jesté méné, nez

v piipadé PTSD, proto nelze ucinit zaver o jeji t€innosti (Lefaucheur et al., 2014; Hrdlicka et

Ustohal in Hosak, Hrdli¢ka, Libiger et al., 2015).

Dalsi potencialni indikaci je 1écba navykovych poruch snizovanim cravingu po navykovych
latkach jako je tabdk, alkohol a kokain. Pfedpoklada se, Ze tento efekt je spjat s ovlivnénim
systétmu odmény. Zatim nejvice diikazli je pro pouziti v 1écbé zavislosti na tabaku. Na
podobném principu jsou zalozeny i zatim spiSe ojedinélé experimentilni snahy ovlivnit
pomoci rTMS mentéalni bulimii ¢i anorexii (Lefaucheur et al., 2014; Hrdlicka et Ustohal in

Hosak, Hrdli¢ka, Libiger et al., 2015; McCelland et al., 2016).

Transkranidlni magnetickd stimulace je rovnéZ zkouSena ve vyzkumu a terapii n€kterych
kognitivnich poruch. Zatimco napomaha lepSimu pochopeni patofyziologie téchto poruch,
zejména mirné kognitivni poruchy a Alzheimerovy nemoci, tak snahy o jeji terapeutické
vyuziti jsou v pocatcich, i kdyz se jiz objevily nékteré slibné vysledky (Lefaucheur et al.,
2014; Hrdlicka et Ustohal in Hosak, Hrdlicka, Libiger et al., 2015).

Dals§i zajimavou indikaci je porucha pozornosti/hyperkinetickd porucha (ADHD) u
dospélych, poptipad¢ i u déti. Dle teoretickych piedpokladi by bylo mozno pomoci rTMS

pozitivné€ ovlivnit zejména pozornost. Pro tuto indikaci se testuje vysokofrekvenéni stimulace
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DLPFC (Lefaucheur et al., 2014; Hrdlicka et Ustohal in Hosak, Hrdlicka, Libiger et al.,
2015).

Z nepsychiatrickych indikaci se rTMS zkousi pouzivat také pii 1é€bé tinnitu, v algeziologii,
v 1é€bé motorickych i nemotorickych pfiznakti Parkinsonovy nemoci a epileptologii

(Lefaucheur et al., 2014; Hrdlicka et Ustohal in Hosak, Hrdlicka, Libiger et al., 2015).

4.5 Kontraindikace a neZadouci ucinky rTMS

Podstatnou vyhodou rTMS je, ze se jedna o dobfe tolerovanou metodu, kterd ma pouze
nékolik malo kontraindikaci (Loo et al., 2007; Hrdlicka et Ustohal in Hosak, Hrdli¢ka, Libiger
et al., 2015). K absolutnim kontraindikacim vysokofrekvenéni rTMS patii anamnéza epilepsie
a zvySené riziko vyvolani epileptického paroxysmu jako napt. zvySeny intrakranialni tlak,
EEG (Tucek, 2002; Kopecek et Bares, 2004; Rau et al., 2007; Hrdlicka et Ustohal in Hosak,
Hrdlicka, Libiger et al., 2015). Nizkofrekvenéni stimulace se v 1¢¢bé epilepsie naopak zkousi
vyuzivat Cili pro ni tato kontraindikace neplati (Santiago-Rodriguez et al., 2008). K dalsim
absolutnim kontraindikacim, tentokrat pro Vysoko- i nizkofrekvenéni rTMS, patii
implantovany kov v kraniu vyjma tust a déle také implantovany pacemaker nebo I¢kova
pumpa (Tucek, 2002; Kopecek et Bares, 2004; Rau et al., 2007; Hrdli¢ka et Ustohal in Hosék,
Hrdli¢ka, Libiger et al., 2015). Diive se mezi kontraindikacemi uvadélo téhotenstvi, dnes se
naopak rTMS povazuje za bezpecnou metodu v 1é¢bé gravidnich Zen s depresi (Rau et al.,
2007; Hrdlicka et Ustohal in Hosak, Hrdli¢ka, Libiger et al., 2015). Pfi souasném uzivani
antiepileptik byva ucinnost rTMS nizsi, respektive k obdobnému ucinku je tfeba vyssi
intenzity stimulace, proto je pfed stimulaci vhodné takovéto 1éky (vcetné benzodiazepinit)
vysadit nebo alesponi snizit jejich davku (Hrdlicka et Ustohal in Hoséak, Hrdlicka, Libiger et
al., 2015).

wevr

jedince bez predispozic. Toto riziko je vSak velice nizké, jeho hodnota se udava okolo
jednoho piipadu z tisice ¢i spiSe jeSt¢ méné. Takovy zdchvat se vyskytuje pfimo b&hem

stimulace nebo kratce po ni a neni u néj riziko rozvoje epilepsie (Prikryl et Kucerova, 2005;
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Hrdli¢ka et Ustohal in Hosak, Hrdlicka, Libiger et al., 2015). K dal$im nezadoucim u¢inkim
patii bolest v misté stimulace béhem jeji aplikace, ktera se vyskytuje zhruba u 10 az 30 %
pacientii. Byva ale mirnd, pfechodného razu a jen zcela vzacné vede k pred¢asnému ukonceni
1é¢by. Dale se obcas vyskytuji bolesti hlavy po stimulaci, které ale byvaji rovnéz mirné a
pfechodné a dobie reaguji na béZna analgetika (Rau et al., 2007). U nékolika malo pacientt
bylo popsano pfechodné zvyseni sluchového prahu. K trvalému posSkozeni sluchu vsak
nedoslo. Zvyseni sluchového prahu lze predchazet usnimi ucpavkami béhem rTMS (Loo et
al., 2001). Co se ty¢e psychickych nezadoucich ucinkd, jsou také velice vzacné. U nékolika
pacientil trpicich bipolarni afektivni poruchou byl popsan pfesmyk do manie po stimulaci pro
depresivni epizodu, v nékolika malo pfipadech doslo po rTMS u pacientd se schizofrenii
k rozvoji psychotickych symptomu (Ella et al., 2002; Zwanzger et al., 2002; Sakkas et al.,
2003; Hrdlicka et Ustohal in Hosak, Hrdlicka, Libiger et al., 2015).

4.6 Transkranidalni magneticka stimulace ve vyzkumu depresivni poruchy a
schizofrenie

Pro vyzkumné Gcely se vyuZzivaji stimulacni protokoly s jednopulsovou nebo parovou TMS.
Jednopulsova stimulace se pouziva ve studiich zkoumajicich motorické vedeni, konkrétné
integritu kortikospinalni motorické drahy, resp. miru konektivity (Kobayashi et Pascual-
Leone, 2003; Groppa et al., 2012; Camprodon et Pascual-Leone, 2016). Jeden puls
odpovidajici intenzity se aplikuje na oblast motorického kortexu, coz vyvold odpoveéd
periferniho  svalu ¢ili  motoricky evokovany potencial (MEP) méfeny pomoci
elektromyografie, ktery 1ze povazovat za marker konektivity. Hodnocenim ¢asu mezi aplikaci
TMS pulsu a zacatku MEP lze identifikovat patologické zmény v neuronech a synapsich
(Camprodon et Pascual-Leone, 2016). Jednopulsova stimulace se uziva i k urCeni vySe
zminéného MT, ktery lze povazovat za marker kortikdlni excitability reflektujici stav
neuronalnich membran, synapsi a glutamatovych receptortl (Ziemann et al., 2015; Camprodon
et Pascual-Leone, 2016). Definovan je jako minimalni intenzita TMS pulsu, ktera vyvola
svalovou kontrakci ¢i MEP vyssi nez 50 mikroV alesponi v péti z deseti pokusti (¢i v 50%
pokust) (Kobayashi et Pascual-Leone, 2003; Groppa et al., 2012; Camprodon et Pascual-
Leone, 2016). Klidovy motoricky prah (resting motor threshold — RMT) je méfen na svalu
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Vv klidu, aktivni MT (active motor threshold — AMT) je méfen béhem jeho isometrické
kontrakce. AMT je zpravidla nizsi nez RMT. Motoricky prah je obvykle stabilni, ale mtze byt
zménén medikaci nebo patologickymi stavy (Camprodon et Pascual-Leone, 2016). Dalsim
parametrem ¢i markerem, ktery lze meéfit pomoci jednopulsové TMS, je kortikalni ticha
perioda (cortical silent period — CSP). Je to perioda elektromyografické suprese nasledujici po
nadprahovém TMS pulsu aplikovaném na oblast motorického kortexu béhem isometrické
kontrakce kontralaterdlniho svalu. CSP méfi kortikdlni inhibici mediovanou gama-
aminomaselnou kyselinou, konkrétné receptory tfidy B (GABAg) (Ziemann et al., 2014;
Camprodon et Pascual-Leone, 2016). Dle Camprodona a Pascuala-Leoneho tyto dva
jednoduché stimulaéni protokoly ilustruji dvé fundamentalni vlastnosti TMS a to, ze
fyziologicky efekt TMS neni limitovan na oblast, kterd je bezprostfedné stimulovana, ale $iti
se neurondlnimi okruhy, a dale to, Ze efekt stimulace je zavisly na aktudlnim stavu, coz je
dokézano rozdilnou velikosti RMT a AMT a také tim, Ze CSP je pfitomna, jen kdyzZ je cilovy
sval aktivni. Aplikujeme-li tyto dva principy na neurostimulaci motorickych i nemotorickych
oblasti, zjisStujeme, ze komplexni sité fidici emotivitu, chovani a kognici dynamicky fluktuuji
v riznych stavech (ve zdravi a nemoci) a tyto oscilace podminuji biologicky a klinicky efekt

TMS (Camprodon et Pascual-Leone, 2016).

Parova stimulace umoziuje studovat intrakortikalni inhibici a facilitaci. Jsou Kk ni tfeba dva
TMS pulsy o dvou riznych intenzitdich a interval mezi nimi fadové o délce nckolika
milisekund. Nejcastéji se uziva tzv. kortikalni inhibice s kratkym intervalem (short-interval
cortical inhibition — SICI) a intrakortikalni facilitace (intracortical facilitation — ICF)
(Camprodon et Pascual-Leone, 2016). Existuji vSak i dalsi markery (blize viz kapitola 5.1).
Meéteni SICI je provadéno aplikaci podprahového podminiovaciho (conditioning) TMS pulsu
predchazejiciho o nékolik milisekund (1-5 ms) nadprahovy testovaci puls. Poté je méfena
amplituda vyvolaného MEP, ktera by méla byt redukovana o 50 az 90%. Piedpoklada se, ze
SICI méfi inhibi¢ni aktivitu mediovanou GABA A receptory (Radhu et al., 2013; Bunse et al.,
2014). M¢teni ICF je provadéno podobné jako v piipadé SICI, ¢ili podprahovy podminovaci
puls je nasledovan nadprahovym testovacim pulsem, ovSem v del§im casovém intervalu 10 az
15 ms, poptipad¢ jesté¢ delSim. To na rozdil od SICI rezultuje ve zvySeni excitability
projevujici se vyssi amplitudou MEP. Ptedpoklada se, ze ICF je zplisobena piedevSim

glutamatergni neurotransmisi (Radhu et al., 2013; Bunse et al., 2014).

V fad¢ studii, vétSinou prufezovych, bylo zjiSténo naruseni kortikélni inhibice (cortical

inhibition — CI) u depresivni poruchy i u schizofrenie. Metaanalyza Radhuové a kolektivu
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ukazala, ze u depresivni poruchy je zkracena CSP a snizena SICI, naproti tomu MEP, RMT a
ICF zstavaji nezménény (Radhu et al., 2013). Studie zahrnuté do této metaanlyzy vSak jsou
znatn¢ heterogenni. Dalsi studie zjistily levostranné naruseni CSP, SICI a také ICF u
depresivnich pacientii, SICI byla zkracena zejména u pacientd rezistentnich na 1é¢bu, zatimco
RMT byl u nich zvysen; zvySeni RMT bylo obecné nalezeno levostranné (Bunse et al., 2014;
Lefaucheur et al., 2008; Levinson et al., 2010; Maeda et al., 2000). U schizofrenie bylo
v metaanalyze Radhuové a kolektivu zjisténo signifikantni snizeni SICI; u CSP, MEP, RMT a
ICF naopak nebyl zjistén rozdil oproti zdravym kontrolam (Radhu et al., 2013). Opét je vSak
tieba zminit znacnou heterogennitu zatazenych prifezovych studii. Ukazuje se, ze CI mlze
vyrazné ovlivnit i 1écba psychofarmaky. Bylo zjisténo, ze antidepresiva mohou alespoii
docasné zvysit RMT a snizit ICF, kdezto CSP a MEP neméni (Manganotti et al., 2001,
Minelli et al., 2010). Kombinace antidepresiv s antipsychotiky vSak muZe u rezistentnich
depresivnich pacientl vést k prodlouzeni CSP (Concerto et al., 2013). Jesté vice toho bylo
V posledni dobé zjisténo v pripad¢ pusobeni antipsychotik na pacienty se schizofrenii.
Longitudinalni studie ukazuji, ze jejich podani vede k prodlouzeni CSP, nejvyrazngjsi je tento
efekt v ptipadé klozapinu, ale prokazan byl i pro quetiapin a risperidon, v pilotni studii i
paliperidon (Prikryl et al, 2008; Frank et al., 2014; Kaster et al., 2015; Ustohal et al., 2016).
Nékteti se dokonce domnivaji, Ze potenciace GABAg mediované neurotransmise, na kterou
prodlouzeni CSP poukazuje, mize byt nové zji§ténym neurotransmiterovym mechanismem,

ktery je soucasti patofyziologie a také 1é¢by schizofrenie antipsychotiky (Kaster et al., 2015).

Kazdopadné lze tici, ze TMS je velmi uziteCnym nastrojem ve vyzkumu patofyziologie a
také mechanimu plisobeni 1écby u pacientl s depresivni poruchou ¢i schizofrenii a ze v této
oblasti se diky ni oteviraji nové moznosti. Velké nadé€je se kladou zejména do jejiho propojeni
se zobrazovacimi metodami, predevs§im elektroencefalografii (Camprodon et Pascual-Leone,

2016).
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4.7 Transkranidlni magneticka stimulace v 1éc¢bé depresivni poruchy a
schizofrenie

Snad jeste vétsi vyznam nez ve vyzkumu ma TMS v soucasnosti v 1€€bé depresivni poruchy

a Vv o néco mensi mite 1 schizofrenie. K terapeutickym ucelim se pouziva rTMS.

4.7.1 Repetitivni transkanialni magneticka stimulace v 1é¢bé depresivni poruchy

4.7.1.1 Vysokofrekvencéni rTMS levého DLPFC, nizkofrekvencni rTMS pravého DLPFC a
bilateralni stimulace

V 1écbé depresivni poruchy se nejcastéji uziva vysokofrekvenéni rTMS cilend na oblast
levého DLPFC nebo nizkofrekvenéni rTMS cilena na oblast pravého DLPFC. Zkousi se
uzivat i bilateralni stimulace, kdy je stimulovan levy i pravy DLPFC. Vyuzivaji se i tzv.

pattern stimulace, z nichz nejdulezitéjsi je vyse zminéna TBS.

Uginnost, ale také bezpe¢nost rTMS v 1é¢bé depresivni poruchy zkoumaly jiz desitky studii,
které byly rovnéZ zpracovany v fadé metaanalyz. Metaanalyzy publikované do roku 2010
shrnul ve svém , metapiehledu v roce 2011 Dell’Osso s kolektivem. Nalezl jich celkem
patnact. Kromé nich do svého piehledu zatadil 1 dalsi dvé, které zkoumaly bezpecnost rTMS a
které prokazaly, Ze se jednd o dostatecné bezpecnou metodu. Prvni metaanalyzy ukazovaly
spornou uc¢innost — vétSinou prokazaly vetsi efekt vysokofrekvencni rTMS levého DLPFC
oproti shamové stimulaci, jejich klinicky efekt vsak byl diskutabilni. Novéjsi metaanalyzy
vSak pfinesly presvédcivéjsi vysledky. Bylo to déno zejména vétsi statistickou silou
recentnéjSich studii a metaanalyz a také prodlouzenim doby lécby (resp. poctu jednotlivych
sezeni). Nov¢js$i metaanalyzy rovnéz prokazaly efekt nizkofrekvencni rTMS pravého DLPFC.
Dell’Osso a spolupracovnici doporucuji dal$i optimalizaci parametrd stimulace — integraci
TMS s EEG, PET ¢i fMRI; lepsi zacileni stimulacni civky, nové postupy jako pattern
stimulace a dalsi (Dell’Osso et al., 2011). Fitzgerald a Daskalakis v roce 2011 rovnéz
dokazuji, Ze rTMS ma jasny antidepresivni efekt a jeji klinické uziti vyznam. Doporucuji
zam&fit se na dal$i optimalizaci stimula¢nich parametri a zjiSténi prediktort klinické

odpovedi (Fitzgerald et Daskalakis, 2011).
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Dle recentnich doporu¢eni Mezinarodni federace klinické neurofyziologie z roku 2014 jsou
rozliSovany tii urovné dikazl pro jednotlivé indikace rTMS oznaCované pismeny A az C.
Urovei A znamena jednoznaénou uéinnost nebo neudinnost podpofenou konzistentnimi
vysledky alespon dvou studii tiidy I nebo jedné studie tiidy I a alesponi dvou studii tfidy II.
Uroveii B oznaluje pravdépodobnou ué¢innost nebo neucinnost podporenou konzistentnimi
vysledky alespon dvou studii tfidy II nebo jedné studie tiidy II a alesponn dvou studii tiidy III.
Urovet C znamena potencialni (moZnou) u¢innost nebo neGdinnost podpofenou
piesvédcivymi vysledky jedné studie tiidy II nebo alespon dvou studii tiidy III. Neni vydano
z4dné doporuceni, pokud chybi alesponn dvé studie t¥idy III poskytujici podobné vysledky

stimulace stejného klinického stavu podobnou stimula¢ni metodou (Lefaucheur et al., 2014).

Dle téchto doporuceni existuje silna evidence o u¢innosti vysokofrekvencéni rTMS levého
DLPFC (Lefaucheur et al., 2014). To dle nich doklada zejména metaanalyza Berlima a
kolektivu z roku 2014, do niz jeji autofi zatadili 29 studii s celkem 1371 pacienty. Pocet
respondért byl 29% mezi pacienty 1éCenymi aktivni (i¢innou) rTMS ve srovnani s 10% mezi
pacienty 1é¢enymi shamovou (placebovou) stimulaci (Lefaucheur et al., 2014; Berlim et al.,
2014). Sami autofi doporuceni nalezli 26 studii s pozitivnimi vysledky a 14 s negativnimi,
pficemz dvé metodologicky dle jejich nazoru nejkvalitngjsi mély pozitivni vysledky; effect
size studii byl 0,87. Na zaklad¢ téchto udajii se rozhodli ohodnotit tento zplsob 1éCby
depresivni poruchy jako U€inny s doporu¢enim na trovni A (level A) (Lefaucheur et al.,

2014).

Slabsi evidence je dle zminénych doporuceni pro nizkofrekvenéni rTMS pravého DLPFC,
coz je dano zejmeéna niz§im poctem studii (Lefaucheur et al., 2014). Do své dal$i metaanalyzy
Berlima a spolupracovnikil, zaméfené tentokrat na nizkofrekvencni rTMS, mohli jeji autofi
zatadit pouze osm studii s celkem 263 pacienty. Po aktivni rTMS dosahlo response 38%
pacientll ve srovnani s pouze 15%, kteti ji dosahli po shamové stimulaci (Berlim et al.,
2013a). Vzhledem k niz§imu poctu studii je tedy nizkofrekvenéni rTMS pravého DLPFC
V terapii depresivni poruchy hodnocena jako pravdépodobné ucinna s doporucenim na Grovni

B (level B) (Lefaucheur et al., 2014).

Bilateralni stimulace (tedy vysokofrekvenéni rTMS levého DLPFC a nizkofrekven¢ni rTMS
pravého DLPFC provadéna u jednoho pacienta v prubehu jedné 1écebné kiiry) dopadla oproti
teoretickym ptedpokladiim hiife, zvlasté ve srovnani s unilateralni stimulaci. Pouze v jedné

studii byla uc¢inngj$i, ve Ctyfech stejné GCinnd a ve dvou dokonce méné UCinnd. Autofi
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doporuceni k ni proto nezaujimaji rozhodné stanovisko, ale v soucasnosti nevidi k jejimu

uzivani divod, protoze je cCasov€ narocnéj$i oproti unilaterdlni (levostranné nebo

pravostranné) a neni prokazano, ze by byla ucinnéjsi (Lefaucheur et al., 2014).

S pouzitim rTMS pocitaji i posledni doporucené postupy psychiatrické péce vydané
Psychiatrickou spole¢nosti CLS JEP zroku 2014. V kapitole vénované 1é¢b& depresivni
poruchy uvadégji, ze lze pouzit vysokofrekvencni rTMS DLPFC, avSak nejednéd se o metodu
prvni volby, pficemz metaanalyzy ukazuji jeji maly nebo stfedni terapeuticky efekt a
schopnost potenciace u¢inku antidepresiv. Postupy také dale uvadéji to, Ze metoda mize byt
ucinna i pii selhani elektrokonvulzivni 1é€by (Raboch et al. in Raboch et al., 2014). Tyto
postupy obsahuji 1 samostatnou kapitolu tykajici se rTMS, v niz Piikryl k 1écbé depresivni
poruchy uvadi, Ze vjeji 1é€bé je prokazan stfedné velky effect size (0,35-0,76), pro
farmakorezistentni depresi je NNT=6. Dale uvadi, ze jsou wuzivana dv¢ stimulacni
paradigmata — vysokofrekvenéni (10-20 Hz) rTMS nad oblasti levého DLPFC (Brodmanova
oblast 9/46) a/nebo nizkofrekvenéni (0,9-1,0 Hz) rTMS nad oblasti pravého DLPFC
(Brodmanova oblast 9/46). Doporuceny pocet stimula¢nich sezeni je 15-30 (3-6 tydni) a

indikace selhdni minimalné dvou antidepresivnich kir (Ptikryl in Raboch et al., 2014).

4.7.1.2 Optimalizace stimula¢nich parametri rTMS v 1é¢bé depresivni poruchy

V ptipadé terapie rTMS je dilezité a zaroven nesnadné spravné nastaveni stimula¢nich
parametr. Zakladnim parametrem je frekvence stimulace. Pro nizkofrekvencéni rTMS se
zpravidla pouziva frekvence 1 Hz (pfipadné 0,9 Hz), pro vysokofrekvencni zpravidla
v rozmezi 5-20 Hz, nejCastéji 10 Hz, dale 20 Hz, méné ¢asto 5 nebo 15 Hz. Dle Lefaucheura a
kolektivu v ptipadé depresivni poruchy prozatim nelze fici, zda je n¢ktera konkrétni frekvence
ucinnéjsi nez jiné (Lefaucheur et al., 2014). V tomto ohledu je zajimavou inovaci ,,klasické*
I'TMS s pevné stanovenou frekvenci tzv. synchronizovana TMS (sTMS), ktera predstavuje

stimulaci o pacientov¢ individudlni alfa frekvenci (Jin et Phillips, 2014).

Ukazuje se, Ze lepSiho efektu vysokofrekvencéni rTMS levého DLPFC je dosahovano
vys$$im poctem sezeni (nad deset), vySSim poctem pulsti béhem sezeni (nad 1000, dnes cCasto
mezi 4000 az 6000) a vyssi intenzitou stimulace (nad 100% RMT). Objevuje se i snaha

intenzifikovat stimulacni parametry — zkouSena je tzv. intenzivni rTMS, kdy behem kratké
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doby napft. Ctyf dnil je pacientim aplikovan vysoky pocet pulsii v nékolika sezenich denné
(celkem 31200 pulsit béhem ¢tyt dnti rozdélenych do péti sezeni kazdy den) (Zeeuws et al.,
2010; Baeken et al., 2013).

Oteviena je stale otazka co nejefektivnéjsiho zptisobu zacileni stimulaéni civky. Velka ¢ast
studii zkoumajicich efekt rTMS v 1écbé depresivni poruchy uzila tzv. standardni proceduru
neboli ,,pravidlo 5 centimetri®, dle nékterych nazori je vhodnéjsi smétfovat stimulacni civku
az 7 centimetri od mista, jehoz stimulaci byl ur¢en motoricky prah (Herwig et al., 2001).
Dal$i moznosti je uziti mezinarodniho systému rozmisténi EEG elektrod 10/20, kdy se
doporucuje stimulovat oblast, kam byva umistovana elektroda F3 (Herwig et al., 2003).
Nejptesn€jsi umisténi civky nad zvolenou oblast umoziluji neuronavigaéni systémy
vyuzivajici zobrazovani magnetickou rezonanci (MRI). Navic zobrazovaci techniky mozku
jako pozitronova emisni tomografie (PET), jednofotonova emisni tomogragfie (SPECT) a
resting state fMRI mohou byt uzity i k predikci efektu stimulace nebo alesponi lepSimu
pochopeni mechanismu U¢inku rTMS. K tomu mohou slouZit i neurofyziologické metody
jako méfeni kortikalni inhibice a excitability (viz vyse) a také EEG (Lefaucheur et al., 2014).
Ptesto dle autorti doporuceni nelze ulinit jednoznacny zavér o klinicky nejefektivnéjSim
zpisobu zaméfeni stimula¢ni civky pro lécbu depresivnich nemocnych pomoci rTMS
(Lefaucheur et al., 2014). V tomto kontextu je zajimava studie Trojaka a kolektivu z roku
2014, v niz se autofi snazili zkoumat, zda néktera ¢ast pravého DLPFC — Brodmanova oblast
9 nebo 46 — bude lepsim cilem pro nizkofrekvencni rTMS. Zjistili, ze stimulace obou oblasti
je signifikantné G¢inn¢j$i nez shamova stimulace, avSak rozdil mezi témito dvéma oblastmi

pfi aplikaci aktivni stimulace neni (Trojak et al., 2014).

4.7.1.3 Vztah rTMS a antidepresiv v 1é¢bé depresivni poruchy

NejdtlezitéjSi a nejrozSitenéjsi biologickou 1é€bou depresivni poruchy je terapie
antidepresivy. Ve vztahu Kk antidepresivim Ize pouzit rTMS v monoterapii (tedy bez
antidepresiv), Vv kombinované terapii k soufasné¢ nasazovanym antidepresivim nebo
v augmentaci jiz dlouhodobéji podavanych antidepresiv. Pi#imé srovndni ucCinnosti
antidepresiv k rTMS v monoterapii provedlo jen n€kolik studii. Zminit je vhodné studii
Fregniho a spolupracovnik, ktefi srovnavali ti¢innost vysokofrekvenéni rTMS o frekvenci 15

Hz s fluoxetinem u pacienti s Parkinsonovou nemoci a komorbidni depresi. Ve skupiné
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1écené pomoci rTMS doslo k 38% redukci zdvaznosti depresivnich symptoml hodnocenych
pomoci Hamilton depression rating scale (HAMD — Hamiltonovou skalou deprese), ve
skupiné lécené fluoxetinem dosSlo k 41% redukci zavaznosti depresivnich symptomi
hodnocenych skalou HAMD (Fregni et al., 2004). Chistyakov a jeho spolupracovnici rozdélili
1é¢ené pacienty do tii skupin. Prvni 1éCili pravostrannou nebo levostrannou rTMS o frekvenci
3 Hz, druhou skupinu pravostrannou nebo levostrannou rTMS o frekvenci 10 Hz a treti
skupinu Kklomipraminem a shamovou stimulaci. Nejlepsiho vysledku dosahli u skupiny
pacientli 1éCenych levostrannou rTMS o frekvenci 3 Hz (Sest z jedenacti pacienti dosahlo
response) (Chistyakov et al., 2005). Ve tfeti studii Bare§ a jeho spolupracovnici srovnavali na
souboru Sedesati pacientl s rezistentni depresivni poruchou (rezistence alespon na jeden
lécebny pokus) ucinnost nizkofrekvencni stimulace pravého DLPFC a venlafaxinu; ve
skuping 1écené rTMS dosdhlo response 33% pacientl a remise 19%, ve skupiné lécené
venlafaxinem dosahlo response 39% pacientti a remise 21% pacientt (Bares et al., 2009). Ve
studii Ustohala a spolupracovnikt (viz také kapitola 6.2) byla na souboru ¢tyficeti pacientli
s depresivni poruchou srovnavana vysokofrekvencni rTMS levého DLPFC (u dvaceti
pacientil) s antidepresivy volenymi na zaklad¢ uvazeni oSetiujiciho 1ékafe (rovnéz u dvaceti
Z nich; nejcastéji se jednalo o selektivni inhibitory zpétného vychytavani serotoninu — SSRI).
Ve skupiné 1é€ené rTMS dosdhlo response 70% pacienti a remise 25%, ve skupiné l1é€ené

antidepresivy dosahlo response 65% pacientd a remise 30% (Ustohal et al., 2014).

Kombinovanou terapii rTMS a antidepresivy versus samotna antidepresiva hodnotilo
minimalné pét studii (tf1 prokazaly vétsi Gcinnost kombinované terapie, dvé nikoli). Dle
autorti doporuceni lze tento zpusob lécby doporucit jako pravdépodobné uU€inny Ccili
s hodnocenim na turovni B (level B), coz podporuje dal$i z Berlimovych metaanalyz

(Lefaucheur et al., 2014; Berlim et al., 2013c).

Pouziti rTMS v augmentaci antidepresiv versus antidepresiva samotna hodnotilo rovnéz
nejméné pét studii (ti1 s pozitivnim vysledkem, kdy augmentace antidepresiv rTMS byla
efektivnéjsi nez antidepresiva samotna, dvé s negativnimi vysledky, které vyssi efektivitu
augmentacni strategie neprokdzaly). Autofi doporuceni na zdkladé téchto vysledki hodnoti
augmentaci jako potencialné uc¢innou cili s hodnocenim na trovni C (level C) (Lefaucheur et

al., 2014).
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4.7.1.4 Srovnani rTMS a ECT v terapii depresivni poruchy

Od zavedeni rTMS do terapie depresivni poruchy probihaly snahy o jeji srovnani
s elektrokonvulzivni terapii (ECT). V metaanalyze zroku 2013 srovnavaji Berlim se
spolupracovniky uc¢innost a snasenlivost vysokofrekvencni rTMS a ECT. Do metaanalyzy
zahrnuli sedm studii s celkovym poctem 294 pacientd. Zjistili, Ze ECT prokazala vyssi
ucinnost co do dosazeni remise — po ECT dosdhlo remise 52% pacientli, po rTMS 33,6%
pacientii (OR=0,46; p=0,04), asociované NNT pro remisi bylo 6 a favorizovalo ECT. ECT
prokazala vyssi ucinnost i co do zmény zdvaznosti psychopatologie (Hedgesovo g= -0,93;
p=0,007). Co se tykalo pfed¢asného ukonceni 1écby (drop-out) nebyl mezi obéma zplsoby
statisticky signifikantni rozdil, byt vice jich bylo v pfipadé ECT. Nicmén¢ Berlim a kolektiv
upozoriiuji i na nékteré limitace zatazenych studii, napf. to, Ze pacienti léceni pomoci ECT
méli pfed zahdjenim 1€cby hlubsi depresi a jejich soucasnd depresivni epizoda trvala kratsi
dobu nez u pacientli 1é€enych pomoci rTMS. Déle také ve studiich byl srovnavan fixni pocet
rTMS sezeni s flexibilnim poctem elektrokonvulzi, k zacileni stimula¢ni civky se pouzivala
nékdy kritizovana ,,metoda 5 centimetri* a celkové byly pro obé metody pouzity protokoly s
méné intenzivnimi parametry. Na zaveér autofi metaanalyzy konstatuji, Ze ECT se jevi jako
ucinnéjsi, nicméné pouziti rTMS mé své odivodnéni, pficemz by méla byt povazovana za
komplementarni lécebnou alternativu depresivni poruchy spiSe neZ metodu, kterd ECT

Vv brzké dob¢ nahradi (Berlim et al., 2013b).

Lefaucheur se svymi spolupracovniky v doporu¢enich uvadéji, Ze srovnani rTMS s ECT je
obtizné, chybi placebem kontrolované studie srovnavajici obé metody, ECT vyzaduje
celkovou anestezii, rTMS nikoli, coZ ¢ini pfimé srovnani v podstaté nemoznym (Lefaucheur

etal., 2014).

Presto do dalsi metaanalyzy bylo zahrnuto devét randomizovanych kontrolovanych studii
scelkem 425 pacienty. Dle jejich vysledki bylo ECT u¢inngj§i ve srovnani
s vysokofrekvencni rTMS co do response (64,4% vs. 48,7%; RR = 1,41; p = 0,03), tak i
remise (52,9% vs. 33,6%; RR = 1,38; p = 0,006). Rovnéz i zde nebyl rozdil mezi obéma
zpusoby terapie v pred¢asném ukonceni 1écby. Celkovée lze na zéklad€ vysledkli metaanalyzy
dle jejich autord usuzovat, ze rTMS ma niz8i ucinnost oproti ECT, zvlasté v ptipadé tézkych
depresivnich epizod s psychotickymi ptiznaky. U depresivnich epizod bez psychotickych

priznakii vSak muze byt rTMS srovnatelné a¢inna (Ren et al., 2014). Zda se, ze zélezi také na
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stimulacnich parametrech — v metaanalyze Xie a spolupracovnikii byla zjiSténa
nesignifikantni superiorita rTMS o frekevnci 20 Hz a pfi uziti nejméné 1200 stimuld (Xie et
al., 2013).

4.7.1.4 Inovativni ptistupy v 1écb¢ depresivni poruchy pomoci rTMS

Nadale se ukazuje, Ze je prostor pro zlepSovani efektivity rTMS inovativnimi pfistupy.
Kromé zminované synchronizované TMS a intenzivni TMS se jedna zejména o tzv. hlubokou
TMS (deep TMS) s pouzitim specialnich civek a dale také tzv. pattern stimulace, zejména
TBS. Pouziti hluboké TMS bylo sumarizovano v metaanalyze Minichina a jeho
spolupracovnikl a také v prehledu Bersaniho a jeho spolupracovniki se zavérem, ze hluboka
TMS je G€inna v 1é¢bé rezistentni depresivni poruchy jako monoterapie 1 jako ptidatna 1écba a
mize byt u¢inna i v ptipadé nonresponse na ECT. Dale bylo také zjisténo, ze je sice ucinnéjsi,
ale hlfe snaSena nez rTMS, proto byva doporuCeno zkratit jeji aplikaci na dva tydny

(Minichino et al., 2012; Bersani et al., 2013).

U TBS se provadi aplikace tfi pulst o vysoké frekvenci (50 Hz) s intervalem 200 ms (5 Hz).
Déli se na kontinudlni (cTBS) a intermitentni (iTBS) s opaénym efektem. U cTBS byva
aplikovano 300 pulsti nebo 600 pulsti, dochazi po ni ke snizeni kortikalni excitability. U iTBS
se aplikuje 30 pulst béhem 2 s kazdych 10 s po dobu 190 s, celkem tedy 600 pulsi; jejim
pusobenim dochazi k facilitaci kortikalni excitability. V 1écbé depresivni poruchy byva
aplikovano za sezeni od 600 do 1800 pulst, coz byva opakovano az dvakrat denné (tedy do
3600 pulst za den). VyzkouSena byla i bilaterdlni TBS (cTBS na pravy DLPFC a iTBS na
levy DLPFC). Vyhodou je zejména kratsi trvani stimulace pfi stejném poctu aplikovanych
pulsti, nebyla vSak prokazana superiorita TBS ve srovnani s ,klasickou” rTMS v ucinnosti

(Chung et al., 2015; Plewnia et al., 2014; Chistyakov et al., 2015).

Velmi dilezity je vybér vhodnych pacientli, kteti mohou mit z rTMS nejvétsi prospéch.
K tomu lze vyuzit funkéni zobrazovaci metody jako fMRI, SPECT, PET (je totiz prokazéno,
ze vetsi efekt vysokofrekvenéni rTMS byva u pacientdl s hypometabolismem vlevo

prefrontaln¢) (Lefaucheur et al., 2014). Tyto metody jsou vsak pro bézné klinické pouziti
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prili§ nakladné. Alternativu by mohlo piedstavovat EEG (resp. tzv. QEEG theta kordance),
jak ukazuje Bares se spolupracovniky (Bares et al., 2015).

Dalsi dilezitou okolnosti, kterou je jesté tieba fadne ovérit ve vétSich metodicky kvalitnich
studiich (nejlépe dvojité slepych), je problematika udrzovaci terapie po Uspé$né akutni 1écbé
pomoci rTMS. Do recentné publikované oteviené studie trvajici rok bylo zatazeno celkem 66
pacienttl, ktefi dosahli response (45 z nich i remise) a to bud’ na rTMS (25 z nich), nebo na
venlafaxin (22 znich), nebo na kombinaci obojiho (19 znich). VSichni pokracovali
vV udrzovaci 1é¢bé tou terapii, kterd u nich byla u¢innd v akutni 1écbé, pficemz rTMS bylo
provadéno dvakrat tydné prvni mésic, jednou tydné dalsi dva mésice a jednou za dva tydny
zbyvajicich devét mésicli. Na konci sledovaného obdobi nebyl rozdil v poctu relapsit mezi

vSemi tfemi skupinami pacientii, odlisny nebyl ani pocet remitérti (Haesebaert et al., 2016).

Ptes vyse uvedena fakta o 1é€be depresivni poruchy pomoci rTMS stale jesté pretrvava spor
o to, zda je tato metoda opravdu dostateéné klinicky ucinna. Lepping se spolupracovniky totiz
v roce 2014 publikovali systematicky ptehled, v némz zpochybnili klinickou relevanci rTMS.
Ve své praci pievedli zmény ve skore skaly HAMD publikované v jednotlivych studiich
(celkem 63) na hodnotu skaly Clinical Global Impression — Improvement (CGI-1 — Celkovy
klinicky dojem — zlepSeni) a zjistili, ze jak v ptipad¢ nerezistentnich, tak i rezistentnich
ptipadti depresivni poruchy je rTMS ucinnéj$i nez shamova stimulace, tento rozdil vSak
hodnotili jako klinicky maly (Lepping et al., 2014). To vyvolalo odpor, ktery ve svém
komentafi vyjadfil kolektiv autorti pod vedenim Alemana, ktefi za prvé Kritizovali moznost
nepiimo spocitat CGI-I; pokud by to bylo moZzné a dostatecné, tak by Skala HAMD nebyla
pouzivana; za druhé kritizovali zafazeni fady starSich studii s nevhodné zvolenymi
stimulacnimi parametry (napiiklad s méné nez 15 sezenimi) a konecné za tfeti na nové
publikovanych studiich s 1épe zvolenymi parametry, které jeSt€ nebyly zatfazeny do

Leppingova piehledu, ukazovali vyrazny efekt rTMS (Aleman et al., 2014).

4.7.2 Repetitivni transkranidlni magneticka stimulace v 1é¢bé schizofrenie

Repetitivni transkranidlni magnetickd stimulace se v 1écb¢ schizofrenie uplatiiuje zejména

diky své schopnosti ovlivnit n¢které specifické symptomy ¢i syndromy tohoto onemocnént,

28



obzvlasté negativni piiznaky a sluchové halucinace. Existuji 1 dal§i mozné indikace vyuziti
této metody, které jsou vSak méné ovéfené a které zahrnuji kognitivni deficit, katatonni
ptiznaky, obsedantné kompulzivni pfiznaky a také komorbidni abusus/zavislost na nikotinu

(skrze snizeni cravingu) (Ustohal et al. in Shen, 2016).

4.7.2.1 Repetitivni transkranialni magneticka stimulace v 16¢bé€ negativnich ptiznakt
schizofrenie

Snaha ovlivnit negativni pfiznaky schizofrenie pomoci rTMS je zaloZena na zjiSténi, Ze
vysokofrekvencéni rTMS muze zvysit kortikalni excitabilitu a metabolickou aktivitu cilovych
neuronu (Speer et al., 2000). Zjisténo bylo rovnéz, ze rTMS cilena na prefrontalni kortex
moduluje uvolnéni dopaminu v dorsdlnim striatu a nucleus accumbens (Keck et al., 2002).
Dal8i dilezity poznatek pfinesl Strafella se svymi spolupracovniky, kdyz zjistili, Ze
vysokofrekvenéni rTMS cilenda na DLPFC indukuje uvolnéni endogenniho dopaminu
Vv ipsilateralnim nucleu caudatu u zdravych dobrovolnikt (Strafella et al., 2001). Vyznam
ziejm¢ ma 1 poznatek Ben-Schachara a kolektivu, ze vysokofrekvencni rTMS zplisobuje

down-regulaci serotoninovych receptorti ve frontalnim kortexu (Ben-Schachar et al., 1999).

Prvni studie zkoumaly Uc¢innost nizkofrekvencni rTMS zamétené na oblast prefrontalniho
kortexu. Negativni pfiznaky vSak ovlivnit nedokdzaly, byt v nékterych piipadech zmirnily
depresivni pfiznaky a anxietu (Geller et al., 1997; Feinsod et al., 1998; Klein et al., 1999).
Utinngj§i v ovlivnéni negativnich piiznakd schizofrenie se ukazala az vysokofrekvenéni
rTMS cilena na oblast prefrontalniho kortexu (Cohen et al., 1999; Jandl et al., 2005; Sachdev
et al., 2005). Po pilotnich a otevienych studiich s nadéjnymi vysledky bylo provedeno i
nekolik dvojité zaslepenych studii s ne zcela jednoznaénymi zavéry. Data ziskana (zejména)

Z téchto dvojité zaslepenych studii byla zpracovana v né¢kolika metaanalyzach.

Prvni z nich publikovala Freitasova se spolupracovniky v roce 2009. Spolecné do ni zatadili
celkem osm studii (z toho tii oteviené) zkoumajici efekt vysokofrekvenéni rTMS. Stimulacni
parametry uzité v jednotlivych studiich vSak byly znac¢né rozdilné (konkrétni frekvence,
intenzita stimulace, pocet sezeni, pocet aplikovanych pulst atd.). Pfi zpracovani vSech studii
byl poolovany effect size roven 0,58 (95% CI: 0,11; 1,04; p=0,014), pii zafazeni pouze studii
kontrolovanych shamovou stimulaci se snizil na 0,27 (95% CI: -0,38; 0,92; p=0,417), ¢imz

nebyla uc¢innost rTMS jednoznacné prokdzana (Freitas et al., 2009). Dalsi metaanalyzu
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publikovala o rok pozdéji Dlabac-de Langeova se svymi spolupracovniky. Autofi do ni
zatadili celkem deset studii (véetné Ctyft, které v predchozi metaanalyze nebyly — dvé nové a
dve, které Freitasova vyradila). Effect size téchto deseti studii byl 0,43 (95% CI: 0,05; 0,08)
¢ili ukazujici na spiSe malou ucinnost stimulace. Pokud vSak autofi vybrali pouze sedm studii,
které za stimulacni frekvenci zvolili 10 Hz (tedy frekvenci v alfa pasmu), byl effect size vyssi:
0,63 (95% CI: 0,11; 1,15) ukazujici na stfedni uc¢innost takovéto stimulace (Dlabac-de Lange
et al., 2010). Tteti metaanalyzu publikoval se svymi spolupracovniky v roce 2014 Shi. Jeji
autofi do ni zaradili celkem Sestnact studii. Tato metaanalyza ukazuje, ze rTMS je v 1écbé
negativnich ptiznaki efektivni strategii. Mezi moderatory U¢inku rTMS patii trvani nemoci,
frekvence stimulace, jeji intenzita a také zpiusob hodnoceni — byla-li ucinnost rTMS
hodnocena pomoci Scale for the Assessment of Negative Symptoms (SANS — Skaly pro
hodnoceni negativnich pifiznaki), tak byl effect size pro shamovou stimulaci kontrolované
studie vyssi (konkrétné 0,80), nez v ptipadé pouziti Positive and Negative Syndrome Scale
(PANSS — Skaly pro hodnoceni pozitivniho a negativniho syndromu). V takovém piipadé
dosahoval pouze hodnoty 0,41. Autofi metaanalyzy na zakladé jejich vysledki doporucuji
tyto stimulacni parametry: frekvenci 10 Hz, stimulaci levého DLPFC, intenzitu stimulace
110% a nejméné tii po sobé nasledujici tydny 1écby. RovnéZ i pocet celkové aplikovanych

pulst povazuji za vyznamny, piicemz vyssi pocet je efektivnéjsi (Shi et al., 2014).

V roce 2015 byla publikovéna velkd multicentricka studie némekych autorti, do niZ bylo
zafazeno celkem 175 pacientl s negativnimi ptiznaky schizofrenie. Stimulaéni parametry byly
nasledujici: frekvence 10 Hz, stimulovan byl levy DLPFC (konkrétn€ misto elektrody F3 dle
mezinadrodniho systému rozmisténi elektrod 10/20), stimulaéni intenzita byla 110%
individudlniho MT, aplikovalo se patnact sezeni ve tfech tydnech, celkovy pocet
aplikovanych pulst byl 15000. Studie pfinesla negativni vysledky — nepodaftilo se prokazat,
ze aktivni stimulace by byla signifikantn¢ G¢inngjsi neZ shamova stimulace (Wobrock et al.,
2015). Moznym vysvétlenim neuspéchu této studie mize byt pomérné nizky pocet celkove
aplikovanych pulst (Ustohal et al. in Shen, 2016). Ve stejném roce byla publikovana i ¢inska
studie, do niz bylo zafazeno celkem 117 pacientli s negativnimi piiznaky schizofrenie.
Stimulac¢ni parametry byly nasledujici: frekvence 10 Hz, stimulovan byl levy DLPFC
(zacileny dle ,,pravidla 5 centimetri®), intenzita stimulace byla 80% individudlniho MT,
provedlo se dvacet sezeni, celkovy pocet aplikovanych pulsi 16000. Autoii uvadi, ze
zaznamenali signifikantni rozdil mezi aktivni a shamovou stimulaci v ovlivnéni negativnich

piiznaki a Ze pokles jejich zavaznosti pietrvaval jesté po Sesti mésicich (Quan et al., 2015).
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V lécbé negativnich ptfiznakl schizofrenie se podobné jako v piipadé terapie depresivni
poruchy zkousela pouzivat i1 bilaterdlni stimulace ¢ili stimulace levého i pravého
prefrontalniho kortexu. Pfedpokladalo se, Ze bude u¢innéjsi nez jen levostranna stimulace. To
vSak prvni studie podobné¢ jako u depresivni poruchy nepotvrdily — ani studie Fitzgeralda a
spolupracovnikii z roku 2008, ktefi pouzili vysokofrekvencni stimulaci o frekvenci 10 Hz
Vv priibéhu patndcti sezeni, ani studie Barrové a spolupracovnikii z roku 2012, ktefi pouzili
vysokofrekvencni stimulaci o frekvenci 15 Hz v pribéhu dokonce dvaceti sezeni (Fitzgerald
et al., 2008; Barr et al., 2012). Lépe dopadla az studie Dlabac-de Langeové a spolupracovniki
z roku 2015. Autofi zvolili tyto stimulacni parametry: frekvenci 10 Hz, stimulovali levy i
pravy DLPFC (konkrétné misto nachazejici se mezi elektrodami F3 a F4 dle mezinarodniho
systému rozmisténi elektrod 10/20), stimula¢ni intenzita byla 90% individualniho MT,
provedlo se patnact sezeni ve tiech tydnech, celkem se aplikovalo 30000 pulsii. Signifikantni
rozdil mezi aktivni a shamovou stimulaci byl nalezen ve Skale SANS, nikoli vSak PANSS

(Dlabac-de Lange et al., 2015).

Dle recentnich doporu¢eni Mezinarodni federace klinické neurofyziologie z roku 2014 Ize
vysokofrekvencni rTMS levého DLPFC v terapii negativnich ptiznakid hodnotit jako
pravdépodobné ucinnou, tedy na trovni B (level B). Sami autofi doporuceni nalezli celkem
jedenact originalnich placebem kontrolovanych studii, které zatadili alespont deset pacientl,
kteti byli stimulovéni aktivni rTMS cilenou na oblast levého DLPFC (téchto jedenéct studii
dohromady zatadilo 315 pacientll). Aktivni stimulace byla signifikantné ucinnéj§i nez
placebova u sedmi z téchto jedenacti studii. Studii, které uzily stimulaéni frekvenci 10 Hz,
bylo celkem sedm, znich Sest s pozitivnimi vysledky. Co se tyc¢e jinych stimulaénich
protokolii (bilateralni vysokofrekvencni stimulace nebo nizkofrekvencni stimulace pravého
DLPFC), nebyli autofi doporuceni na zakladé¢ dostupnych vysledkli schopni vydat jasné
stanovisko (Lefaucheur et al., 2014).

V podobném duchu pftistupuji k rTMS v 1é¢bé negativnich piiznakl i doporucené postupy
psychiatrické péde vydané Psychiatrickou spoleénosti CLS JEP v roce 2014. Doporuduji
rTMS jako jednu z variant v ramci 4. kroku (po selhani monoterapie dvéma antipsychotiky a
pii nedostateném tuc¢inku monoterapie klozapinem) k augmentaci antipsychotik s cilem

ovlivnit negativni piiznaky (Ceskova et al. in Raboch et al., 2014).
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4.7.2.2 Repetitivni transkranialni magneticka stimulace v 1é¢bé sluchovych halucinaci
u schizofrenie

Princip vyuziti rTMS v 1é¢bé sluchovych halucinaci spo¢iva v inhibici patologicky zvySené
aktivity v levém TPC (oblast Brodmanovy oblasti 40). Tato zvySena aktivita je opakované
prokazovana zobrazovacimi metodami béhem sluchovych halucinaci. Navic se predpoklada,
Ze prave tato oblast je klicova v procesu porozuméni feci (Freitas et al., 2009; Slotema et al.,

2012; Slotema et al., 2014).

Prvni, kdo pouzil nizkofrekvenéni rTMS (o frekvenci 1 Hz) cilenou na oblast levého TPC,
byl v roce 1999 Hoffman s kolektivem (Hoffman et al., 1999). Poté bylo provedeno nékolik
randomizovanych, shamovou stimulaci kontrolovanych studii; nékteré s pozitivnimi, jiné
s negativnimi vysledky. Vysledky téchto studii byly zpracovany v nékolika metaanalyzach.
Prvni z nich zvetejnil v roce 2007 Aleman se svymi spolupracovniky. Spole¢né do ni zaradili
deset studii zkoumajicich efekt rTMS na celkem 212 pacientech. Hlavnim vystupem studii
byla redukce zdvaznosti sluchovych halucinaci métend odpovidajici Skdlou, nejCastéji
sedmipolozkovou Auditory Hallucinations Rating Scale (AHRS). Ve vsech studiich bylo
uzito nizkofrekvencni rTMS o frekvenci 1 Hz cilené na oblast levého TPC. Effect size vSech
studii byl 0,76 (95% CIL: 0,36; 1,17). Pokud byly zatfazeny jen studie, které pouzily
kontinualni stimulaci (devét z nich), vzrostl effect size na 0,88. Porovnavan byl i pocet
stimulacnich sezeni (méné neZ pét sezeni ve Ctyfech studiich versus pét a vice sezeni v Sesti
studiich); rozdil zjiStén nebyl. Dvé studie zkoumaly efekt rTMS na celou pozitivni subskalu
PANSS, efekt vSak nenalezly, z cehoz vyplyva, ze rTMS ucinkovala specificky jen na
sluchové halucinace. Autofi vysledky metaanalyzy shrnuji tak, ze podporuji uc¢innost rTMS

Vv redukci zavaznosti verbalnich sluchovych halucinaci (Aleman et al., 2007).

Druhé metanalyza byla publikovana Tranulisem a jeho spolupracovniky v roce 2008. Autofi
do ni zafadili deset studii, které zahrnovaly celkem 232 pacienti. VSechny studie pouzily
nizkofrekvenéni rTMS levého TPC a méfily jeji efekt na rezistentni verbalni sluchové
halucinace pomoci riznych $kal. Jako senzitivni se ukdzala skala Hallucination Change Scale
(HCS). Autofi metaanalyzy zjistili signifikantni efekt rTMS v ovlivnéni sluchovych
halucinaci (Hedgesovo g=0,514) (Tranulis et al., 2008).

Dalsi metaanalyzu publikovala se svymi spolupracovniky Freitasova v roce 2009. Jeji autoti

v ni specificky analyzovali efekt rTMS na sluchové halucinace v sedmi shamovou stimulaci
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kontrolovanych studiich, pficemz nalezli signifikantni effect size (1,04; p=0,002). Rovnéz
pozorovali dulezitost individudlniho zhodnoceni funkéni anatomie halucinaci za pomoci map
ziskanych pomoci PET nebo fMRI a nésledné¢ uréeného mista stimulace pomoci
neuronavigace Vv kontrastu sméné piesnym zacilenim stimulacni civky pomoci
mezinarodniho systému rozmisténi elektrod 10/20 mezi pozice elektrod T3 a P3 (Freitas et al.,
2009). Ve studii Hoffmana a kolektivu z roku 2007 byla totiz zjisténa diskrepance mezi misty,
ktera stimulovali na zaklad¢é navigace s vyuzitim fMRI a misty, ktera by byla standardné
stimulovana za pouziti vySe zminéného systému rozmisténi elektrod (Hoffman et al., 2007).
Navic v dalsi studii zjistil Sommer se svymi spolupracovniky, Ze ze sedmi pacientli mélo pét
predominantni aktivitu pii halucinacich v pravém TPC, a byli proto stimulovéani vpravo

(Sommer et al., 2007).

Hned tifi metaanalyzy postupné publikovala Slotemova. Do prvni znich vroce 2010
zatadila sedm randomizovanych, shamovou stimulaci kontrolovanych studii s celkem 189
pacienty. Aktivni rTMS byla signifikantné G¢innéj8i nez shamova stimulace, sttedni vaZeny
effect size byl 0,54 (Slotema et al., 2010). Do druhé metaanalyzy z roku 2012 zahrnula
celkem sedmnact studii; jejich effect size byl 0,44. Po mésici vSak ale signifikantni efekt
rTMS jiZ neptertvaval (alesponi dle analyzy vysledk péti studii s naslednym sledovanim
trvajicim nejméné jeden mésic) (Slotema et al., 2012). Do tfeti metaanalyzy zahrnula
Slotemovéa se svymi spolupracovniky devatenact studii s celkovym poctem 548 pacientil.
Stfedni vazeny effect size byl 0,44 pro ovlivnéni sluchovych halucinaci. Pro pacienty
s farmakorezistentnimi sluchovymi halucinacemi byl stiedni vazeny effect size takika
totozny, dosahl hodnoty 0,45. Nebyl zjistén signifikantni effect size rTMS v celkovém
ovlivnéni zévaznosti psychozy. Jako nejlep$i stimulacni paradigma ¢i protokol dopadla
nizkofrekvencni rTMS o frekvenci 1 Hz cilend na oblast levého TPC, jejiZ stfedni vazeny
effect size dosahl hodnoty 0,63. Jind paradigmata vcetné nizkofrekvencni rTMS pravého TPC
nebyla u¢innéjsi nez shamova stimulace. Autofi shrnuji vysledky metaanalyzy tak, ze rTMS,
zvlaste o frekvenci 1 Hz cilena na oblast levého TPC, je t¢inna v 1é¢bé sluchovych halucinaci
vcetné€ téch farmakorezistentnich (Slotema et al., 2014). Efekt nizkofrekvenéni rTMS cilené
na oblast levého TPC potvrdila i dal$i metaanalyza z roku 2015, do niz bylo zafazeno deset

studii (Otani et al., 2015).

Doporuceni Mezinarodni federace klinické neurofyziologie z roku 2014 reflektuji vysledky
studii a vySe uvedenych metaanalyz. Jejich autofi sami nalezli ¢trnact randomizovanych,

shamovou stimulaci kontrolovanych studii, do nichz bylo v aktivni vétvi zafazeno alespon
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deset pacientt, kteti byli stimulovani nizkofrekven¢ni rTMS o frekvenci 1 Hz nad oblasti
levého TPC. Téchto Ctrnécti studii se ucastnilo celkem 393 pacientii. Jejich vysledky byly
vysoce kontroverzni — sedm studii scelkem 118 pacienty mélo pozitivni vysledky,
zbyvajicich sedm s celkem 146 pacienty negativni. Metaanalyzy vSak konzistentné ukazaly
pozitivni vysledky (s effect size od 0,4 do 1). Proto se autofi doporuceni rozhodli ohodnotit
nizkofrekvencni rTMS (o frekvenci 1 Hz) cilenou na oblast levého TPC jako potencidlné
ucinnou ¢ili na trovni C (level C). Ostatni stimulacni protokoly (jiné frekvence a jina
stimulatni mista) nebylo dle autord doporuc¢eni mozné pro nedostatek dat hodnotit
(Lefaucheur et al., 2014). Autofi doporuceni rovnéz poukazuji na rozdily v uréeni
stimula¢niho mista (mén¢ presné dle mezinarodniho systému rozmisténi EEG elektrod 10/20
nebo pomoci neuronavigace zohlednujici vysledky strukturalnich nebo funkénich
zobrazovacich metod). Upozoriiuji ale, Ze prozatim nelze jednoznaéné fici, ze druhy zptsob
by byl jednoznacné G€innéjsi (Lefaucheur et al, 2014). Déle rozebiraji stimulacni intenzitu —
vétSina studii uzila intenzitu 90% individualniho RMT, avSak byly dvé studie, v nichz bylo
pouzito intenzity vyssi nez 100% RMT. Jejich vysledky byly rozdilné — u jedné pozitivni a u
druhé negativni. Dle autorti doporuceni se tedy dosud nedd fici, jak4 stimulacni intenzita je

efektivngjsi (Lefaucheur et al., 2014).

Obdobné jako autofi vySe uvedenych mezinarodnich doporuceni ptistupuji k rTMS v 1é€bé
sluchovych halucinaci i autofi doporucenych postupti psychiatrické péce vydané
Psychiatrickou spoleénosti CLS JEP v roce 2014. Doporucuji rTMS jako jednu z variant
v ramci 4. kroku (po selhani monoterapie dvéma antipsychotiky a pfi nedostatecném ucinku
monoterapie klozapinem) k augmentaci antipsychotik s cilem zmirnit sluchové halucinace
(Ceskova et al. in Raboch et al., 2014).

4.7.2.3 Repetitivni transkranidlni magneticka stimulace v dal$ich dil¢ich indikacich u
schizofrenie a vyhled do budoucna

Lécba dalich symptomd, syndrom@i a komorbidnich poruch u pacientli se schizofrenii je
méné oveéfena (Ustohal et al. in Shen, 2016). N¢které studie se zaméfily na kognitivni deficit
schizofrenie. Vysledky jsou vSak kontroverzni. A to pfesto, ze byla publikovana metaanalyza,
ktera zahrnula ctyfi studie zkoumajici efekt vysokofrekvenéni rTMS na pracovni pamét’.

VSechny Ctyfi studie zvolily za stimulovanou oblast DLPFC podobné jako v ptfipadé
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negativnich pfiznakt. Autofi metaanalyzy dosli k zavéru, Zze rTMS vedla K signifikantnimu
zlepSeni pracovni paméti (Brunoni et Vanderhasselt, 2014). AvSak o rok pozdé¢ji byly
publikovany vysledky velké multicentrické studie zahrnujici celkem 156 pacientl se
schizofrenii s dominujicimi negativnimi ptiznaky, u kterych se nepodafilo prokézat, ze by
vysokofrekvencni rTMS levého DLPFC m¢la signifikantni efekt na rizné kognitivni domény
ve srovnani s shamovou stimulaci (Hasan et al., 2016a). Opakované zminiovana mezinarodni
doporuceni nezastavaji ke snahdm ovlivnit kognitivni deficit pomoci rTMS Zadné stanovisko,
stejné postupuji i autofi ¢eskych doporudeni (Lefaucheur et al., 2014; Ceskova et al. in

Raboch et al., 2014).

Pro uplnost je tfeba zminit ojedin€lé snahy vyuZit rTMS u pacientli se schizofrenii a
s katatonnim syndromem nebo obsedantné¢ kompulzivnimi ptiznaky, které se u nékterych
pacienttl se schizofrenii také vyskytuji. Bylo publikovano ne€kolik kazuistickych sd¢€leni, ktera
popisovala pouziti rTMS u pacientd s katatonnimi ptiznaky a schizofrenii — ve dvou
ptipadech bylo zaznamendno rychlé a dostatecné zlepSeni pacientil, v poslednim piipadé
nedoslo po rTMS k zadné zméné (Trojak et al., 2014). Podobna situace je i v pfipadé
obsedantné¢ kompulzivnich pfiznakti u pacientd se schizofrenii — byly publikovany dvé
kazuistické studie s pozitivnimi vysledky, které vSak byly jen ptechodné, kdeZzto nedavno
publikovana pilotni studie méla negativni vysledky (Mendes-Filho et al., 2013; Mendes-Filho
etal., 2016).

Repetitivni transkranidlni magneticka stimulace je vSak velmi slibnou metodou, ktera by
mohla ovlivnit komorbidni abusus/zavislost, ktery se c¢asto vyskytuje u pacienti se
schizofrenii, zvlast¢ pak zéavislost na nikotinu. Uvadi se totiz, ze 60-90% pacientli se
schizofrenii jsou pravidelnymi kufaky, coz je 2-3x vice nez v b&zné populaci (de Leon et
Diaz, 2005; Aubin et al., 2012). Celkem logicky pak dlouhodoba studie ukazala, ze se u
téchto pacientii objevuji signifikantné Castéji fatalni nasledky koufeni nez v bézné populaci.
Kromé toho bylo zjisténo, ze oekavand doba doziti je u pacientl se schizofrenii o 20% nizsi
a koufeni bylo identifikovano jako vyznamny rizikovy faktor (Ruther et al., 2014). Prvni
pilotni studie u pacientl se schizofrenii — kuiakli — zkoumajici efekt rTMS byla publikovana
Wingem a spolupracovniky v roce 2011. Autofi V ni GspésSné aplikovali vysokofrekvencni
rTMS na oblast levého DLPFC. Zatadili do ni celkem 15 pacientll se schizofrenii nebo
schizoafektivni poruchou, kteti byli motivovani piestat koufit a které rozdélili do dvou skupin
— jedné byla aplikovéana aktivni rTMS (s témito parametry: stimulovan byl levy DLPFC, s

frekvenci 20 Hz, intenzitou 90% individualniho MT, v prubéhu dvaceti sezeni ve Ctyfech
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tydnech), druhé byla aplikovana shamova stimulace. Sledovan byl pocet vykoufenych cigaret,
oxid uhelnaty ve vydechovaném vzduchu, Groven cravingu a abstinen¢nich pfiznakd pomoci
dotaznikti. Den D (tedy den, kdy méli pacienti ptestat koufit) byl stanoven na zacatek tfetiho
tydne stimulace. Vysledkem bylo, Ze po dvou tydnech doslo ke snizeni cravingu v aktivni
skupin¢. Jakmile od tietiho tydne piestali vSichni pacienti koufit, doslo ke zvySeni cravingu v
shamové skuping, nikoli vSak v aktivni (Wing et al., 2012). Druha studie, tentokrat jiz na
veétsim souboru pacientd, je podrobné rozebrana v kapitole 6.5. Rovnéz nékolikrat vyse
citovand mezinarodni doporuceni se staveji priznivé k pouziti rTMS za ucelem snizeni
cravingu a konzumace cigaret (nejen u pacientti se schizofrenii) a oznacuji je jako potencialné

ucinné ¢ili s hodnocenim na trovni C (level C) (Lefaucheur et al., 2014).

Stale jest¢ zustava velky prostor k optimalnimu vyuziti rTMS u pacientii se schizofrenii.
Faktory, které jsou spojeny S u¢innosti rTMS u schizofrenie, I1ze rozdé€lit do dvou skupin: 1)
na klinické faktory a 2) faktory spjaté s rTMS, zvlasté stimulacnimi parametry (Ustohal et al.
in Shen, 2016).

Klinické faktory zahrnuji heterogenitu symptomu schizofrenie, které se zkousi ovliviiovat
pomoci rTMS, zvlaste to plati pro negativni ptiznaky (toto je vice rozebrano v kapitole 6.4).
Ke zlepseni vysledkt aplikace rTMS je dulezitd definice a predikce respondéri na lécbu.
Toho by se mohlo dosahnout pomoci markert kortikalni inhibice a neuroplasticity, zvlasté
kdyz se spoji TMS (s jeji schopnosti méfit kortikdlni inhibici, viz kapitola 4.6 a 5.1) s EEG a
dal§imi zobrazovacimi metodami (MRI, fMRI, SPECT, PET). Napiiklad Tikka a
spolupracovnici popsali signifikantni korelaci mezi redukci negativnich a depresivnich
pfiznakii u pacientli se schizofrenii a redukci v gamma pasmu v levém frontdlnim a
temporalnim laloku po cerebelldrnim rTMS. Autofi této studie navrhuji klidovou (resting
state) urovenn gamma pasma ve frontalnich a temporalnich oblastech jako marker response
(Tikka et al., 2015). V jiné studii Homan se spolupracovniky dokazali rozlisit budouci
respondéry od nonrespondért na rTMS pro sluchové halucinace pomoci vyssiho regionalniho
pratoku krve v levém gyrus temporalis superior pted stimulaci. Autofi studii uzaviraji s tim,
ze méfeni perfuze pied 1écbou by mohlo byt klinicky relevantni cestou, jak odlisit respondéry
od nonrespondéri na rTMS (Homan et al., 2012). V recentni studii popisuje Hasan se
spolupracovniky studii, v niZ ¢asti pacientll s predominantnimi negativnimi piiznaky (N=34)
byla aplikovana aktivni vysokofrekvenéni rTMS o frekvenci 10 Hz v poctu celkem 15 sezeni,
kontrolni skupiné pacienti (N=39) byla aplikovana shamova stimulace. U vSech pacientti pak

byly korelovany lokalni zmény objemu mozku méfené pomoci deformation-based
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morfometrie se zménami v zadvaznosti negativnich pfiznakl. Zjistilo se, Ze nariist objemu
Vv levé hipokampalni, parahipokampalni a precuneélni kitfe predikoval zlepSeni negativnich
ptiznakli v aktivni skupin€, nikoli kontrolni. Dalsi analyza, srovndvajici respondéry
V negativnich pfiznacich (zlepSeni alesponn o 20%) od nonrespondéri, podpofila vysledky

primarni analyzy (Hasan et al., 2016b).

Optimalizace stimula¢nich parametri je dal§i vyznamné téma. Nové cile stimulace
(naptiklad mozecek nebo piedni cingulum), lepsi a presnéjsi zacileni stimulacni civky na
vybranou oblast (pomoci stereotaktické navigace), nové typy civek (napiiklad dvojité konicka
civka — double cone coil nebo piipadné specialni civky pro hlubokou TMS), stimulaéni
frekvence (individudlni frekvence), stimulacni intenzita, pocet pulsi (vy$s$i pocet pulsi),
celkovy pocet stimulacnich sezeni v pribéhu dne i v priabéhu celé 1éCby (intenzivni
stimulace), to vSe je predmétem soucasného vyzkumu. Takovyto vyzkum muze pfinést data
pro nova a inovativni stimula¢ni paradigmata, ktera jsou tieba, aby mélo rTMS robustnéjsi

klinicky efekt v terapii schizofrenie (Ustohal et al. in Shen, 2016).
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5. VYUZITI TRANSKRANIALNI MAGNETICKE STIMULACE
VE VYZKUMU KORTIKALNI INHIBICE U DEPRESIVNI
PORUCHY A SCHIZOFRENIE

5.1 Transkranidlni magneticka stimulace ve vyzkumu kortikalni inhibice u
depresivni poruchy a schizofrenie, efekt antipsychotik

Komentar:

Tato recentni prace shrnuje dosavadni poznatky o vyzkumu CI pomoci TMS u depresivni
poruchy a schizofrenie. Je zde definovéana CI jako neurofyziologicky déj, kterym GABAergni
interneurony ovliviyji ¢innost ostatnich neuront. Dale jsou zde uvedeny nejdulezité;si
markery, pomoci nichz je CI méfena. Patii mezi né¢ CSP, SICI, kortikalni inhibice s dlouhym
polo¢asem (long interval cortical inhibition — LICI), MEP (respektive jeho amplituda), RMT a
ICF. V dalsi ¢asti jsou rozebrany prvni priifezové studie, které u obou popisovanych poruch
prokazaly naruseni CI. Ptesto jejich vysledky jsou v nékterych aspektech inkonzistentni, coz
je davano do souvislosti s heterogennimi soubory pacientdi, u nichz je obtizné zejména
rozliseni efektu vlastni nemoci a jeji faze (pacienti s prvni epizodou vs. pacienti s chronickym
priabéhem onemocnéni), 1écby (pacienti dosud neléceni, aktudlné neuzivajici medikaci nebo
pacienti medikamentézn€ 1éCeni) a konecné 1 odpovédi na 1éCbu (respondéti vs.
nonrespondéfi, respektive pacienti farmakorezistentni). Vice o tom pak vypovidaji nové;si
studie pribehové, které se zaméfily zejména na pacienty se schizofrenii a efekt antipsychotik;
této problematice je proto vénovana posledni ¢ast prace, ktera ukazuje, Ze antipsychotika
mohou ménit CI, coZ je dle nékterych autorti interpretovano jako noveé objeveny mechanismus

jejich ptisobeni.

Ustohal, Libor. Transkranialni magneticka stimulace ve vyzkumu kortikalni inhibice u
depresivni poruchy a schizofrenie, efekt antipsychotik. Ceska a Slovenska Neurologie a
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Souhrn

Transkranidlni magneticka stimulace umoziuje zkoumat kortikalni inhibici u riznych
neuropsychiatrickych poruch, véetné depresivni poruchy a schizofrenie. Kortikalni inhibici
1ze definovat jako neurofyziologicky mechanismus (nikoli patologicky), jimz GABAergni
interneurony ovliviiuji ¢innost ostatnich neuront. Nejcastéji zkoumanymi paradigmaty
kortikalni inhibice jsou kortikalni ticha perioda, kortikélni inhibice s kratkym intervalem,
kortikalni inhibice s dlouhym intervalem, amplituda motorického evokovaného potencialu,
klidovy motoricky prah a intrakortikélni facilitace. Prafezové studie ukazuji, ze u obou vyse
zminénych poruch je kortikéalni inhibice naruSena. Jistou inkonzistenci téchto priifezovych
studii Ize vysvétlit jejich designem a také ptili§ heterogennimi soubory, takze je n€kdy obtizné
rozli$it vlastni efekt nemoci a jeji 1é€by. K tomu slouzi recentni prospektivni longitudinalni
studie zamétené na vliv antipsychotik na kortikalni inhibici u pacientl se schizofrenii. Ty
konzistentn€ ukazuji nejen na jeji naruseni u tohoto onemocnéni, ale i na schopnost
antipsychotik kortikalni inhibici ménit, coz je nékterymi povazovano za nove zjistény
mechanismus uc¢inku téchto 1€kii. Dle nékterych nazord, poznatky ziskané pomoci
transkranialni magnetické stimulace o patofyziologii (nejen) depresivni poruchy a
schizofrenie a mechanismech G¢inku pouZivané 1écby pomohou postavit psychiatrii (alespoin
¢astecn¢) na novych zakladech, kterou pak né€kteti navrhuji nazyvat psychiatrii zaloZenou na

(neuronalnich) okruzich.

Klicova slova: kortikalni inhibice, transkraniadlni magneticka stimulace, depresivni porucha,

schizofrenie, antipsychotika

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

and schizophrenia, 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 neurophysiological 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, short-interval cortical inhibition,
long-interval cortical inhibition, amplitude of motor-evoked potential, resting motor
threshold, and intracortical facilitation. Published cross-sectional studies suggest the
impairment of cortical inhibition in both above mentioned mental disorders. Some
inconsistent results in these cross-sectional 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 recent prospective
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 researchers 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 help (partially) rebuild psychiatry on new grounds,

sometimes called Circuit-Based Psychiatry.

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

schizophrenia, antipsychotics
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Uvod

Transkranidlni magneticka stimulace (TMS) je neinvazivni neuromodulac¢ni technika, ktera
vyuziva proménného magnetického pole aplikovaného skrze mekké tkané hlavy a lebku k
vyvolani elektrickych proudii v mozku. Jedna se o bezpe¢nou a v neurovédach casto
vyuzivanou metodu, kterd ma vedle pouziti v preklinickém vyzkumu i Siroké uplatnéni v
klinice — a to jak v diagnostice, tak i v terapii. V diagnostice se pouZziva ve spojeni s
elektromyografii (EMG) k hodnoceni patologickych stavii motorického systému a nove ve
spojeni s neuronavigaci téz k mapovani kortexu pted neurochirurgickymi vykony [1]. V

terapii se osvédcila zejména v 1é€bé depresivni poruchy [2,3].

TMS od svého predstaveni v roce 1985 umoziuje zkoumat fenomény jako kortikalni
excitabilita, inhibi¢ni a excitaéni mechanismy, rychlost neuronalniho vedeni, konektivita a
neuroplasticita. Tim ndm zv14sté ve spojeni se zobrazovacimi metodami jako je
elektroencefalografie, magneticka rezonance a pozitronova emisni tomografie umoznuje
studovat afektivni, behavioralni a kognitivni neuronalni okruhy, ¢imz (alespon ¢astecné)
pomaha budovat psychiatrii na novych zdkladech, kterou proto Camprodon a Pascual-Leone

nazyvaji psychiatrii zaloZenou na (neuronalnich) okruzich (Circuit-Based Psychiatry) [1].

Kortikalni inhibice a zplisoby jejiho méfeni

Kyselina gama-aminomaselna (GABA) je hlavni inhibi¢ni neurotransmiter v mozku, ktery
je spolu s glutamatem zasadné¢ dulezity pro modulaci kortikalni excitability a neuroplasticity
[4-6]. Samotnou kortikalni inhibici (cortical inhibition — CI) Ize definovat jako
neurofyziologicky mechanismus (nikoli patologicky), kterym GABAergni interneurony
ovlivilyji ¢innost ostatnich neurond, respektive kterym reguluji plisobeni kortexu na ostatni

¢asti mozku a nervové soustavy [6-8].

K méfeni CI a jejiho naruSeni se pouziva pravé TMS a to konkrétné jednopulsova (single-
pulse) nebo parova (paired-pulse) stimulace (repetitivni TMS — rTMS — se pouziva zejména k
vyse uvedenym terapeutickym uceltim, predevsim tedy 1€cb¢ depresivni poruchy). Existuje
fada paradigmat vyuzivanych k méteni CI, ktera 1ze d¢lit na inhibi¢ni nebo excitacni ¢i dle

pouzité stimulace na paradigmata métena jednopulsovou TMS nebo parovou TMS [6,9].
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Mezi inhibi¢ni paradigmata méfend jednopulsovou stimulaci patii kortikalni tiché perioda
(cortical silent period — CSP), k inhibi¢nim paradigmatiim métenym parovou stimulaci nalezi
kortikalni inhibice s kratkym intervalem (short-interval cortical inhibition — SICI) a s

dlouhym intervalem (long-interval cortical inhibition — LICI) [6,9].

K excita¢nim paradigmatiim méfenym jednopulsovou stimulaci patii amplituda
motorického evokovaného potencialu (MEP) a klidovy motoricky prah (resting motor
threshold — RMT), k excitaénim paradigmatim zjistovanym parovou stimulaci pak

intrakortikalni facilitace (intracortical facilitation — ICF) [6,9].

Meteni CSP je provadéno aplikaci nadprahového TMS pulsu nad oblasti motorického
kortexu za soucasné volni svalové aktivity, kterou mefeny subjekt vykonava. To zplsobuje
potlaceni tonické svalové aktivity. Délka tohoto potlaceni svalové aktivity, méfend od zacatku
MEP do névratu bazalni EMG aktivity, je mirou CI. Radové trva asi do 300 ms. Piedpoklada
se, ze CSP je vyjadfenim inhibi¢ni aktivity mediované GABAB receptory [6,8-16].

Mg¢teni SICI je provadéno aplikaci podprahového podminovaciho (conditioning) TMS pulsu
predchazejiciho o nékolik milisekund (1-5 ms) nadprahovy testovaci puls. Poté je méiena
amplituda vyvolaného MEP, kterd by méla byt redukovana o 50 az 90%. Predpoklada se, ze
SICI méti inhibi¢ni aktivitu mediovanou GABAA receptory [6,8-17].

Meéteni LICI je obdobné jako v piipadé SICI, pouze misto podprahového podminiovaciho
pulsu se pouziva nadprahovy, nasledovany rovnéz nadprahovym testovacim stimulem v
delsim ¢asovém intervalu (napt. 100 ms), coz zpisobuje snizeni amplitudy MEP. Podobné
jako v ptipadé CSP se predpoklada, ze LICI je vyjadienim inhibi¢ni aktivity mediované
GABAB receptory [6,18-21].

MEP je definovén jako celkova reakce periferniho svalu vyvolana pomoci TMS pulsu nad
oblasti kontralaterdlniho motorického kortexu métend pomoci EMG [9,22]. RMT je
definovan jako minimalni intenzita TMS, kterd je potfebna k indukci MEP o amplitudé vyssi
nez 50 uV v péti z deseti pokusii. RMT reflektuje aktivitu neurondlnich membran a
excitabilitu kortikokortikdlnich axont, synapsi a sodikovych kanali, zatimco NMDA-
asociovana neurotransmise a GABAergni mechanismy se zdaji byt méné zapojeny

[6,9,23,24].

Meéfeni ICF je provadéno podobné jako v ptipadé SICI, ¢ili podprahovy podminiovaci puls

je nasledovan nadprahovym testovacim pulsem, ovSem v delSim ¢asovém intervalu 10 az 15
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ms, popiipadé jesté delSim. To na rozdil od SICI rezultuje ve zvyseni excitability projevujici
se vyssi amplitudou MEP. Predpoklada se, ze ICF je zplisobena predevsim glutamatergni

neurotransmisi [6,9,24,25].

Kortikalni inhibice u depresivni poruchy a schizofrenie

Kortikalni inhibice a jeji naruseni je v posledni dob¢ intenzivné studovano (nejen) u
depresivni poruchy a schizofrenie. Pfedpoklada se totiz, ze hraje vyznamnou roli v
patofyziologii téchto onemocnéni, a tak by nam lepsi znalosti o ni mohly pomoci ptispét k

presnéjsi diagnostice a také t€innéjsi terapii téchto poruch.

Kortikdlni inhibice u depresivni poruchy

Radhuovai et al. zjistili ve své metaanalyze z roku 2013, Ze v piipad¢ depresivni poruchy je
signifikantné zkracena CSP (na zéklad¢ analyzy Ctyt studii zahrnujicich celkem 131 pacientl
ve srovnani se 149 zdravymi kontrolami) (tab. 1) [6,26-29]. Signifikantné sniZena je dle jejich
zjisténi u této skupiny pacientli i SICI (na zaklad¢ analyzy tii studii zahrnujicich celkem 115
depresivnich pacientti ve srovnani se 130 zdravymi kontrolami) [6,26-28]. Naproti tomu
Radhuovi et al. zjistili, Ze u pacientd s depresivni poruchou neni signifikantné zménéna
amplituda MEP (na zakladé€ analyzy tfi studii zahrnujicich celkem 34 nemocnych a 37
zdravych kontrol) [6,30-32]. RovnéZ ani RMT neni dle jejich metaanalyzy signifikantné
odli$ny (na zéklad¢ analyzy osmi studii zahrnujicich celkem 176 depresivnich pacientl ve
srovnani se 188 zdravymi kontrolami) [6,26-28,30,31,33-35]. Stejn¢ jako v ptipad€ amplitudy
MEP a RMT nebyla v jejich metaanalyze zjiSténa signifikantni zména ani u ICF (na zakladé
analyzy tii studii zahrnujicich celkem 115 pacientii s depresivni poruchou ve srovnani se 130

zdravymi kontrolami) [6,26-28].

Z obdobnych studii vychazel i pfehled Bunseho et al. z roku 2014. Bunse se
spolupracovniky upozoriiuji na urcitou inkonzistenci studii danou heterogenitou zkoumanych
soubort, kdy prvni studie s medikovanymi depresivnimi pacienty ukézala prodlouzenou CSP
[9,29]. Naproti tomu pozd¢jsi studie ukazala u nemedikovanych pacientli s depresivni
poruchou zkracenou CSP 1 SICI jako ditkaz kortikalni dezinhibice [9,26]. Studie Levinsona et

al. z roku 2010 zatazend do metaanalyzy Radhuové i Bunseho piehledu srovnavala zdravé
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kontroly, euthymni (bezptiznakové) medikované pacienty s prodélanou depresivni
epizodou/epizodami, nemedikované pacienty s depresivni poruchou a na 1é¢bu rezistentni
pacienty s depresivni poruchou. VSechny tyto podskupiny pacientli mély ve srovnani se
zdravymi kontrolami zkracenou CSP. Pouze na IéCbu rezistentni pacienti mé¢li ve srovnani se
zdravymi kontrolami snizenou SICI a zvySeny RMT. Navic, rezistentni pacienti méli zvySeny
RMT i ve srovnani s ostatnimi podskupinami pacientt, coz dle autorti ukazuje na snizenou
excitabilitu frontalniho kortexu [9,28]. Ve studii Maedy et al. byl zjistén rozdil v RMT mezi
mozkovymi hemisférami u pacientd s depresivni poruchou (vyssi RMT byl zjistén pro levou
hemisféru), pomoci parové stimulace byla zjiSténa nizsi excitabilita levé hemisféry (u
zdravych kontrol rozdily mezi hemisférami nebyly) [9,35]. Rozdil mezi hemisférami u
pacientti s depresivni poruchou byl zjistén i ve studii Lefaucheura et al., ktefi zaznamenali
naruSeni inhibi¢nich (CSP, SICI) i excita¢nich (RMT, ICF) procestli v levé hemisféie ve
srovnani s pravou hemisférou i ve srovnani se zdravymi kontrolami [9,27]. Kromé toho bylo
zjisténo, ze zmeény CI mohou nésledovat u depresivnich pacienti i po aplikaci neinvazivnich
neuromodulacnich technik. Aplikace elektrokonvulzivni terapie spojena s rTMS o frekvenci 3
Hz nebo rTMS o frekvenci 10 Hz cilena na levy prefrontdlni kortex vedla u pacientli s
depresivni poruchou ke klinickému zlepSeni a také k posileni excitability v levém motorickém
kortexu, coz indikovalo zvySeni poméru MEP ku M-viné, snizeny motoricky prah, zkracena

CSP a redukovana SICI [9,36,37].

Kortikalni inhibice u schizofrenie

U schizofrenie Radhuova et al. nezjistili ve zmiflované metaanalyze (na rozdil od depresivni
poruchy) signifikantni rozdil mezi CSP u pacientli a zdravych kontrol (na zaklad¢ analyzy 11
studii zahrnujicich celkem 334 nemocnych a 457 zdravych kontrol) (tab. 1) [6,8,10,38-46].
Naopak SICI byla dle jejich zjisténi snizend (podobné jako v ptipad€ depresivni poruchy;
zjiSténo na zaklad¢ analyzy 12 studii zahrnujicich 335 pacientii ve srovnani se 440 zdravymi
kontrolami) [6,8,10,39-43,46-50]. Amplituda MEP u pacienti se schizofrenii nebyla dle
metaanalyzy Radhuové et al. signifikantné odli$na od zdravych kontrol (opét podobné jako u
depresivni poruchy; zjisténo na zaklad¢ analyzy ctyf studii zahrnujicich 91 pacienti a 93
zdravych kontrol) [6,30,31,45,51]. Totéz co pro MEP platilo i pro RMT — ani ten nebyl
obdobn¢ jako v ptipad¢ depresivni poruchy signifikantné odliSny u pacientii se schizofrenii a

zdravych kontrol (na zéklad¢ analyzy 21 studii zahrnujicich celkem 500 pacientii a 617
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zdravych kontrol [6,8,10,30,31,33,38-42,44-50,52-55]. Konec¢né ani u ICF nebyl zjistén v
metaanalyze Radhuové et al. signifikantni rozdil mezi pacienty se schizofrenii a zdravymi
kontrolami (na zéklad¢ analyzy 11 studii s 323 pacienty a 428 zdravymi kontrolami)
[6,8,10,39-43,46,47,49,50].

Také v ptipad¢ schizofrenie Bunse et al. upozoriiuji na urcitou inkonzistenci ve vysledcich
jednotlivych studii, které jsou v pfipadé tohoto onemocnéni jesté vyraznéjsi nez u depresivni
poruchy. Vcelku jednoznaénym vysledkem je signifikantni snizeni SICI, které potvrzuje teorii
o naruSené GABAergni transmisi u schizofrenie, kdy v neuropatologickych studiich je
nalézano naruSeni GABAergnich interneuronti; v postmortem studiich bylo zjiSténo naruSeni
dekarboxylazy kyseliny glutamové 67 (GAD67) €ili enzymu syntetizujictho GABA a také
snizeni po¢tu GABAergnich interneuront v riznych ¢astech kortexu véetné motorického
[9,56-63]. V piipadé rozdilnych vysledkt pti méfeni CSP upozoriiuji Bunse et al. na zna¢nou
heterogennost studovanych soubortii co se ty¢e faze nemoci (pacienti s prvnimi epizodami
versus pacienti chronicky nemocni) a také co se tyce 1écby (pacienti tzv. drug-naive ¢ili dosud
nikdy neuzivajici psychofarmaka, nemedikovani pacienti a pacienti medikovani riznymi
antipsychotiky) [9]. To do zna¢né miry plati i pro nejvétsi priufezovou studii Strubeho et al.,
kterd uz v metaanalyze Radhuové et al. ani ptehledu Bunseho et al. byt nemohla a kterd méti
rizné parametry CI u pacientl s kratkym trvanim schizofrenie (do dvou let, nikoli tedy
vyloZené u pacientl s prvnimi epizodami), chronickym pribéhem schizofrenie a zdravych
dobrovolnikt. Autofi zjistili rozdil v délce CSP, kterd byla prodlouzena u pacientd s kratkym
trvanim onemocnéni ve srovnani se zdravymi kontrolami 1 nemocnymi s chronickym
prib&hem schizofrenie. Pokud byli srovnani vSichni pacienti se zdravymi kontrolami, bylo u

nich zjiSténo sniZeni SICI a naopak prodlouzeni CSP [64].

Podobné jako v ptipad¢€ depresivni poruchy mohou i u schizofrenie vyvolat zmény CI nejen
psychofarmaka, ale i neinvazivni neuromodula¢ni techniky jako je elektrokonvulzivni terapie,

jak bylo alespon popsano v pilotni studii Pfikryla et al. z roku 2011 [65].

Efekt antipsychotik na kortikalni inhibici

JiZ bylo zminéno, Ze jisté inkonzistence ve vysledcich studii zkoumajicich CI a jeji naruseni
u depresivni poruchy a jesté vyrazné€ji u schizofrenie mohou zptsobovat rtizné faze

onemocnéni a jesté vice medikace psychofarmaky, mezi nimiz zaujimaji zdsadni misto

46



antipsychotika (AP). Jednd se zejména o ta nové¢jsi, oznaCovana jako atypicka nebo také AP
II. generace. Nepouzivaji se jen v 1€cbé schizofrenie, ale ¢im dal ¢astéji 1 u afektivnich poruch
jako jsou bipolarni afektivni porucha a depresivni porucha, a dokonce i u poruch tradi¢né
fazenych mezi neurotické jako je obsedantné-kompulzivni porucha nebo uzkostné poruchy;
zapomenout nelze ani na jejich pouzivani u organickych dusevnich poruch, kde jsou
predepisovana nejen psychiatry. Toto Siroké uzivani bylo jednim ze zdsadnich divodi, pro¢ v
poslednich letech ¢elni predstavitelé neuropsychofarmakologickych spolecnosti piisli s novou
nomenklaturou psychofarmak opoustéjici tradi¢ni rozdéleni téchto 1é¢iv dle indikaci, tedy na
antipsychotika, antidepresiva, anxiolytika, hypnotika atd. Nova nomenklatura je prezentovdna
pod oznacenim nomenklatura zalozena na neurovédach (Neuroscience-based Nomenclature —

NDbN; vice o ni viz [66]; v ¢esting pak viz [67]).

Nejvice praci, zkoumajicich efekt AP na CI, bylo zaméfeno na vyzkum CSP u schizofrenie,
coz bylo ddno nejspise tim, Ze prvni prifezové studie ukazovaly nejméné konzistentni
vysledky. V jedné z téchto prifezovych studii zahrnujicich 78 pacientl a 38 zdravych kontrol
vsak Liu et al. zjistili, ze nemedikovani pacienti m¢li nejkratsi CSP, naopak pacienti uzivajici
klozapin (atypické AP povazované za nejucinngjsi, vyhrazené pro rezistentni ptipady jako AP
tieti volby) méli CSP nejdelSi — ve srovnani s pacienty uzivajicimi jind AP i zdravymi
kontrolami. Kromé toho byla také zjiSt€na negativni korelace mezi délkou CSP a tzv.
negativnimi pfiznaky schizofrenie (k nimzZ patii emoc¢ni oplostélost, ochuzeni feci a mysleni,

socialni stazeni, anhedonie a dalsi) [8].

Ur¢itou nevyhodou vSech vySe zminénych studii zahrnutych do metaanalyzy Radhuové et
al. 1 ptehledu Bunseho et al. a také studie Strubeho et al. z roku 2014 bylo, Ze se jednalo o
studie prifezové, takZe nebyly idedlni k ur€eni podilu vlastni nemoci a také jeji 1écby na
zménach CI. K tomu mohou 1épe poslouzit prospektivni longitudinélni studie, do nichZ budou
zafazeni pacienti s prvni epizodou schizofrenie, ktefi dosud neuzivali psychofarmaka a
kterym budou parametry CI zméfeny pied zahajenim vybrané farmakologické 1é¢by. V takto
designované pilotni praci z roku 2009 zjistili Pfikryl et al., ze v ptipad¢ 1é€by psychofarmaka
dosud neuzivajiciho pacienta s prvni epizodou schizofrenie paliperidonem, atypickym AP z
podskupiny antagonistii serotoninovych a dopaminovych receptora (SDA), doslo k
vyznamnému prodlouzeni CSP doprovazenému také zlepSenim jeho klinického stavu; RMT

se vyznamné nezménil [68].
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Prvni rozséhlejsi studie byla publikovana o pét let pozdé€ji Frankem et al., kteti do ni zafadili
celkem 24 psychofarmaky dosud nelécenych pacientl s prvni epizodou psychotické poruchy
(byla ptedpokladana schizofrenie). Pred zahajenim antipsychotické 1é€by a po tiech tydnech
jejiho podavani zmérili parametry CI. K 1€cb¢ vybrali atypické AP quetiapin nalezejici mezi
tzv. multireceptorové antagonisty (MARTA). Zjistili, Ze po 1é¢b¢ quetiapinem doslo k
signifikantnimu prodlouzeni CSP, ostatni parametry CI zlstaly nezménény. V dusledku 1éCby
doslo i k signifikantnimu zmirnéni zavaznosti psychotickych ptiznaki, avSak jejich zména
nekorelovala se zménou CSP. Autofi praci uzaviraji s tim, Ze je tfeba dalSich studii s dalSimi

AP, aby se potvrdilo, Ze zména CI je vlastni i plisobeni dalSich AP [69].

Druh4 studie s velmi podobnym designem, avSak jinym AP, byla publikovéana recentné
Ustohalem et al. Autofi do ni zafadili celkem 13 drug-naive pacientt s prvni epizodou
schizofrenie, u kterych pted 1é¢bou a po Ctyfech tydnech antipsychotické terapie zmétili
parametry CI (po ¢tyfech tydnech byly ziskany vysledky od 12 z nich), konkrétné CSP a
RMT. K 1é¢b¢ zvolili atypické AP risperidon naleZejici do podskupiny SDA. Podobné jako
Frank zjistili, ze po 1écbé doslo k signifikantnimu prodlouzeni CSP, kdezto RMT se
nezménila. V dasledku podavani risperidonu doslo rovnéz k signifikantnimu snizeni
zavaznosti psychopatologie, korelace mezi zménou CSP a psychopatologie vSak také nebyla

nalezena [16].

Tteti podobnou longitudinalni studii publikovali Kaster et al. v roce 2015. Nezkoumali v ni
psychofarmaky dosud nelécené pacienty s prvni epizodou schizofrenie, ale pacienty se
schizofrenii, ktefi méli byt pfevadéni z né¢jakého diivodu (predevsim pro neucinnost
dosavadni 1é¢by) na klozapin. Zatazeno bylo celkem 16 pacientii, z nichZ vSichni az na
jednoho uZivali néjaké psychofarmakum (14 z nich AP, zbyvajici pacient z psychofarmak
uzival jen thymostabilizéry valproat a lithium). Pfed zahdjenim pfevodu na klozapin jim byly
zméieny parametry CI a pak po Sesti tydnech jeho uzivani (vysledky byl ziskdny od 11
pacientll) a opét jesté po Sesti mesicich jeho uzivani (vysledky byly ziskany od Sesti pacienttt).
Po Sesti tydnech 1é¢by klozapinem bylo zjiSténo signifikantni prodlouzeni délky CSP. V
rozmezi Sesti tydntl a Sesti mésicii 1écby klozapinem se uz délka CSP nezmeénila. Autofi studii
uzavieli s tim, Ze jejich prospektivni longitudinélni studie ukédzala souvislost mezi lé¢bou
klozapinem a GABAB mediovanou inhibi¢ni neurotransmisi. Navrhuji dokonce, ze
potenciace této GABAB mediované neurotransmise mize byt nové zjisténym
neurotransmiterovym mechanismem, ktery je soucasti patofyziologie a také 1éCby

schizofrenie AP [12].
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A dosavadni vyzkumy jim alespon prozatim davaji za pravdu. Navic by se takto piipadné
dala vysvétlit i superiorita u¢innosti klozapinu oproti jinym AP, kterou zatim jednoznacné
vysvétlit nedokazeme — v 1€¢bé ucinnd AP (minimalné quetiapin a risperidon) prodluzuji
délku CSP, a tudiz ovliviiuji GABAB mediovanou inhibi¢ni neurotransmisi, avsak klozapin
takto plisobi vyraznéji nez ostatni. Pfesny farmakologicky mechanismus, jakym AP ptlisobi
zmeény CI, vSak prozatim neni zndmy. Mozné vysvétleni 1ze hledat v genetickych a zvlasté

epigenetickych studiich, to v§ak musi byt jesté pifedmétem dalsiho vyzkumu [70-74].

Podobné prospektivni longitudindlni studie, které by zkoumaly efekt AP u pacientil s
depresivni poruchou, nejsou k dispozici. Na vliv AP u depresivni poruchy Ize tedy usuzovat
jen neptimo. Napft. ve studii z roku 2013 srovnévajici pacienty s rezistentni depresivni
poruchou, vaskularni depresi a zdravymi kontrolami bylo zjisténo, Ze pacienti s rezistentni
depresivni poruchou méli oproti dvéma zbyvajicim skupinam prolongovanou CSP, coz je v
kontrastu s nalezy jinych studii u depresivnich nemocnych, kteti méli oproti zdravym
kontroldm CSP zkracenou (viz vyse). VSichni tito pacienti ale uzivali dvojkombinaci
antidepresiv (AD) a AP (quetiapin nebo olanzapin). Pacienti s vaskularni depresi byli bez
medikace psychofarmaky a zdravé kontroly samoziejmeé také [75]. Studie rovnéz ukazuji, ze i
AD mohou ovlivnit CI, av§ak patrné jinym zptisobem nez AP. Napftiklad po intravenéznim
podani klomipraminu bylo zjiSténo doCasné zvySeni motorického prahu a intrakortikalni
inhibice a snizeni ICF, kdezto amplituda MEP a CSP se nezménily [76]. Stejného vysledku

bylo dosazeno 1 v dalsi studii s klomipraminem a citalopramem pro ob¢ tato AD [77].

Zaveér

Studium CI a jejiho naruseni pomoci TMS provadéné u depresivni poruchy a schizofrenie
pfindsi nové poznatky k patofyziologii téchto zadvaznych dusevnich onemocnéni a také ndm
1épe umoznuje pochopit jejich ovlivnéni psychofarmaky. Tim pomaha poskytnout zaklady
moderniho pojeti psychiatrie jako aplikované neurovédni discipliny, jiZ zminéné psychiatrie
zalozené na (neurondlnich) okruzich a také potiebné poznatky pro novou nomenklaturu
psychofarmak zndmou jako nomenklatura zalozena na neurovédach. Do budoucna lze pti
studiu CI a dalSich neuronalnich fenoménii ocekéavat vétsi zapojeni zobrazovacich metod, jak
uz ukazuji pilotni prace Suna et al. v ptipad¢ depresivni poruchy a Radhuové et al. v piipadé
schizofrenie, v nichz se zam¢fili na specifické naruseni funkce prefrontalniho kortexu u

zminénych duSevnich poruch [78,14]. Méteni CI mize mit 1 praktické dasledky pro
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diagnostiku, jak ukazuje recentni prace popisujici rizné naruseni CI u pacienti s atypickou,
melancholickou a nediferencovanou depresivni poruchou. V této studii meli vSichni
depresivni pacienti zkracenou CSP oproti zdravym kontroldm; pacienti s atypickou depresi ale
m¢éli ve srovnani s ostatnimi depresivnimi nemocnymi zkracenou i SICI a prodlouzenou ICF
[79]. Navic méteni CI by mohlo byt vyuzitelné i jako néstroj predikce response na 1€¢bu, jak
ukazuje studie, v niz bylo zjiSténo, ze nonrespondéfi na terapii fluoxetinem méli pied 1écbou
vyraznéjsi deficit LICI nez budouci respondéii [80]. Podobné dokazalo méteni CI pomoci
TMS odhalit pacienty s rezistentni depresivni poruchou, u nichz dojde k remisi suicidalnich

ideaci po magnetické konvulzivni terapii [78].

50



Tab. 1. Pfehled zmény nejvyznamnéjSich parametrd kortikalni inhibice u depresivni poruchy a

schizofrenie.

CSP SICI MEP RMT ICF
Depresivni - v prifezovych - V prufezo- - V prifezo- - V priifezo- - V prufezo-
porucha studiich zkracena | vych studiich | vych studiich | vych studiich | vych studiich

[6] sniZena [6] signifikantné | signifikantné signifikantné

nezménén [6]

nezmeénén [6]

nezménéna [6]

- snizena u - zvysen u

rezistentnich rezistentnich

pacientl pacienti [9,28]

[9,28]
- levostranné - levostranné - vy$siu - levostranné
naruseni [9,27] naruseni depresivnich naruseni

[9,27] pacientt v levé | [9,27]

hemisféie
[9,35]
- u rezistentnich
pacientl na
kombinaci AD +
AP prodlouzena
[75]
- po aplikaci AD - po aplikaci - docasné - docasné
nezménéna [76] AD zvySeni po sniZeni po
nezménéna aplikaci AD aplikaci AD
[76,77] [76,77] [76,77]
Schizofrenie | - v prafezovych -V prifezo- | - V prufezo- - V prifezo- - v prifezo-

studiich vych studiich | vych studiich | vych studiich | vych studiich
signifikantné sniZena [6] signifikantné¢ | signifikantné signifikantné

nezménena [6]

- V longitudinal-
nich studiich
dochazi po podani
AP Kk prodlouzeni,
nejvyraznéji po
klozapinu
[68,69,16,12]

- po podani

AP se neméni

[69,12]

nezménén [6]

- po podani
AP se neméni
[12]

nezménén [6]

- po podani AP
se nemeéni
[68,69,16,12]

nezménéna [6]

- po podani
AP se neméni
[69,12]

AD — antidepresiva, AP — antipsychotika, CSP — kortikalni ticha perioda, ICF — intrakortikalni
facilitace, MEP — motoricky evokovany potencial, RMT — klidovy motoricky prah, SICI — kortikalni
inhibice s kratkym intervalem
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5.2 Modifikace kortikdlni inhibice paliperidonem

Komentar:

Tato pilotni studie z roku 2009 popisuje piipad dosud psychofarmaky neléceného muze
sprvni epizodou schizofrenie, u kterého byla pomoci TMS meétfena CI pied 1écbou
paliperidonem (antipsychotikum 1l. generace ze skupiny antagonistd serotoninovych a
dopaminovych receptord, aktivni metabolit risperidonu) a po ni. Konkrétné byla métena CSP
a RMT jako vybrané parametry CI. Jednalo se o prvni takto metodicky provedenou studii,
tedy longitudindlni prospektivni studii, kterd navazovala na dosud publikované prafezové
studie, jez mély u pacienti se schizofrenii nejednoznacné vysledky. Tyto studie sice
prokézaly naruseni CI, ale nebylo na zakladé jejich vysledkti mozné odlisit efekt medikace a

vliv vlastni nemoci.

V nasi studii doSlo vlivem 28 dnd trvajici 1é€by monoterapii paliperidonem nejen
k signifikantnimu snizeni zavaznosti psychopatologie méfené pomoci PANSS, ale také
k signifikantnimu prodlouzeni délky CSP, zatimco RMT se nezménil. Vzhledem k tomu, ze
CSP je povaZovana za marker CI spjaty s GABAg mediovanou neurotransmisi, dosli jsme

k zavéru, ze paliperidon ma schopnost ovliviiovat pravé tuto neurotransmisi.

Piikryl, Radovan — Ustohal, Libor — Pfikrylova Kuderova, Hana — Ceskova, Eva. Paliperidon
mediated modification of cortical inhibition. Neuroendocrinology Letters 2009; 30: 396-399.
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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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5.3 Risperidon prodluZuje kortikdlni tichou periodu u drug-naive pacienti
S prvni epizodou schizofrenie: studie s pouZitim transkranidlni magnetické
stimulace

Komentar:

Tato prace navazuje na vysSe uvedenou pilotni praci zkoumajici efekt paliperidonu na
kortikalni inhibici a excitabilitu u drug-naive pacienta s prvni epizodou schizofrenie. Jeji
metodika je takika totozna. Pouze misto vyzkumu efektu paliperidonu byl zvolen risperidon,
ktery se pouziva v 1éb¢ schizofrenie Castéji. Stejné jako paliperidon patfi do skupiny
antipsychotik II. generace, konkrétn€ do skupiny antagonistli serotoninovych a dopaminovych
receptorit  (paliperidon je vlastné aktivnim metabolitem risperidonu, chemicky 9-
hydroxyrisperidon). Do studie bylo zafazeno celkem tfindct pacient s prvni epizodou
schizofrenie, ktefi dosud nebyli léceni psychofarmaky (byli tzv. drug-naive). U téchto
pacientll byly zméteny vybrané parametry CI (konkrétné CSP a RMT) pfed zahajenim 1écby a
po ctyfech tydnech monoterapie risperidonem. Na konci studie byly k dispozici tidaje od

dvanacti pacientt.

Bylo zjisténo, Ze u pacientd doSlo po lécbé k signifikantnimu prodlouzeni délky CSP,
kdezto RMT se signifikantné nezménil. Rovnéz doslo k signifikantnimu poklesu zévaznosti
psychopatologie méfené pomoci §kaly PANSS. Korelaci mezi zménou CSP a psychopatologii
meétenou pomoci skaly PANSS se vSak prokazat nepodatfilo. Vysledky nasi studie byly
obdobné jako vysledky studie Franka et al. zroku 2014, ktera méla velmi podobnou
metodiku; k vyzkumu efektu medikace na CI u pacientl s prvni epizodou schizofrenie si vSak
jeji autofi vybrali jiné antipsychotikum z jiné podskupiny a pon€kud odlisSnym mechanismem
ucinku (alesponi tak, jak je zndm). Konkrétné se jednalo o quetiapin, ktery nalezi mezi
multireceptorové antagonisty (MARTA) (Frank et al., 2014). Nase studie tak (alespoil
castecné) odpovédéla na otdzku, kterou si kladli Frank et al. a to, zda je ovlivnéni CI
mechanismem Uc¢inku jen nékterych antipsychotik (konkrétné jimi zkoumaného quetiapinu)
nebo zda se muze jednat o nové zjiStény mechanismus, ktery je vlastni antipsychotiktim jako
takovym. Nase studie ukazala, ze se bude jednat pravdépodobné o obecnéjsi mechanismus,
protoze jsme prokdzali u¢innost jiného antipsychotika z jiné podskupiny na CI, respektive
konkrétné na GABAg mediovanou neurotransmisi, jejimz je CSP markerem. To je rovnéz ve

shodé a podporuje nazor dalsi skupiny védca, ktefi v jiné studii zkoumali efekt klozapinu
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(antipsychotika II. generace ze skupiny MARTA, které je povazovano za nejucinnéjsi a je
vyhrazeno jako antipsychotikum 3. volby pro 1é¢bu rezistentnich pacientl) na CI. Pacienti,
kteti byli zafazeni do jejich studie, nebyli drug-naive, ale az na vyjimky uzivali jina
antipsychotika. Piesto u nich po Sesti tydnech 1€cby klozapinem doslo k prodlouzeni CSP a
tedy zméné¢ GABAg mediované neurotransmise (Kaster et al., 2015). Toto nejen potvrzuje
vySe uvedeny nazor o ovlivnéni CI jako obecném mechanismu plsobeni antipsychotik, ale
pomohlo by vysvétlit 1 zatim nevysvétlenou superioritu klozapinu vici ostatnim
antipsychotikiim — antipsychotika ovliviiuji GABAg mediovanou neurotransmisi, klozapin
vSak vice nez ostatni. Vyzkum CI by tak mohl napomoci nejen 1épe pochopit etiopatogenezi

schizofrenie, ale také pomoci vyvoji a testovani novych antipsychotik.
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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

Schizophremia, cortical inhibition, cortical silent pericd, risperidone, transcranial magnetic stimulation

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

"Department of Psychiatry, Medical Faculty of Masargk University and
University Hospital Bmo, Bmo, Czech Republic

#Central European Institute of Technology, Masaryk University, Brna,
Czech Republic

Corresponding author:

Likar Ustehal, Department of Peychiatry, Medical Faoulty of Basaryk
University and University Hospital Bmo, Jihlavska 20, 625 00 Brno,
Czech Republic.

Email: Ustohal.Libor@fnbmo.z

Dewrinedsd tom oz mgecut com o Memspove Unfesccis on August 15, 2008

67



Joumal of Psychopharmacology

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

Dewninaded tom jop mgecub con o Mamrpove Lnbescria on August 15, 208

69



4

Journal of Psychopharmacology

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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5.4 Vliv elektrokonvulzivni terapie na kortikalni excitabilitu u pacienta
S dlouhotrvajici remisi schizofrenie: studie za pouZiti transkranidalni
magnetické stimulace

Komentar:

Tato pilotni prace se zabyva zménou CI u pacienta se schizofrenii 1é¢ené¢ho dlouhodobé
(Sest mésict) udrzovaci elektrokonvulzivni terapii (jedna elektrokonvulze kazdych 21 dnt).
Pacient po celé toto obdobi uzival klozapin, ktery sam o sob& nebyl schopen zabranit
opakovanym relapsim onemocnéni. Béhem udrzovaci elektrokonvulzivni terapie vsSak
setrvaval v remisi navozené sérii elektrokonvulzi v priabéhu akutni 1écby posledniho relapsu.
Cilem prace bylo zjistit, jaky vliv maji jednotlivé elektrokonvulze (celkem tfi v pribchu Sesti
tydnl) na markery CI a to konkrétn¢ opét na RMT a CSP bez ohledu na zménu
psychopatologie (vzhledem k tomu, Ze pacient byl v remisi).

Zjistilo se, ze v ptipadé RMT nedochdzelo k vyraznéjsi zméné (byla zaznamenana pouze
mirnd redukce RMT), avSak v pifipadé CSP dochazelo k jejimu prodlouzeni po kazdé
elektrokonvulzi, coz bylo interpretovano jako posileni GABAg mediované neurotransmise,
jejimz je CSP markerem. V tomto piipadé tedy ptisobila ECT obdobné jako antipsychotika,
coz bylo popsano vySe. Samoziejmé je nutné zdlraznit, ze se jednalo o pilotni praci, prvni
svého druhu (tedy v pfipadé¢ udrzovaci ECT pro rezistentni schizofrenii), na jednom

pacientovi.

Prikryl, Radovan — Ustohal, Libor — Pfikrylova Kucerova, Hana — Ceskova, Eva. Effect of
Electroconvulsive Therapy on Cortical Excitability in a Patient With Long-Term Remission
of Schizophrenia: A Transcranial Magnetic Stimulation Study. Journal of ECT 2011; 27(1):
"Eg"—"Ell"_
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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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6. VYUZITI TRANSKRANIALNI MAGNETICKE STIMULACE
V TERAPII DEPRESIVNI PORUCHY A SCHIZOFRENIE

6.1 Repetitivni transkranialni magneticka stimulace (rTMS) v 1é¢bé depresivni
poruchy

Komentar:

Tato prace zroku 2011 shrnuje znalosti 0 rTMS v 1é¢bé depresivni poruchy. Stru¢né
popisuje jeji historii od sestrojeni prvniho moderniho pfistroje Barkerem v roce 1985, ptes
prvni studie, které zjistily jeji potencidlni uplatnitelnost v 1é¢bé této dusSevni poruchy az po
metaanalyzy, které prokazaly jeji ucinnost, takze byla v roce 2008 oficialn€ schvalena k 1é¢bé

depresivni poruchy americkou FDA; schvélena byla i v Evropské unii.

Prace se zabyva jednotlivymi parametry rTMS jako je jeji frekvence (dle niz se dé€li na
nizkofrekvencni a vysokofrekvencni), intenzita stimulace udédvana v procentech RMT; pocet
pulsi béhem sezeni, celkovy pocet sezeni, stimulované misto, zplisob zacileni stimulacni
civky 1 jeji typ atd. Nezapomind ani na dalsi indikace, ale také kontraindikace a nezadouci
ucinky. Pojednava o obecnych mechanismech piisobeni rTMS na neuronélni tkan a zvlasté o
jejim antidepresivnim ptisobeni prokazaném na animalnich modelech i ve studiich s lidmi —
zdravymi dobrovolniky i nemocnymi s depresivni poruchou. Poté se zabyva jednotlivymi
studiemi, které¢ déli do tfi generaci, a zvlasté pak do té doby publikovanymi metaanalyzami.
Nakonec se stru¢né zmiiuje o0 moznostech predikce ucinku, délce antidepresivniho plisobeni a

také o vlivu rTMS na kognitivni funkce u pacientl s depresivni poruchou.

Ustohal, Libor — Piikryl, Radovan — Pfikrylova Kugerova, Hana — Ceskova, Eva. Repetitive
transcranial magnetic stimulation (rTMS) in the treatment of depressive disorder. Activitas
Nervosa Superior Rediviva 2011; 53(1): 3-13.
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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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6.2 Repetitivni transkranidalni magnetickd stimulace v lé¢bé depresivni
poruchy - randomizovand, jednoduse slepd, antidepresivy kontrolovana studie

Komentar:

Tato studie si kladla za cil srovnat u¢innost rTMS v 1é¢bé depresivni poruchy ve srovnani s
ucinnosti bézné uzivanych antidepresiv v podminkach co nejvice se blizicich bézné klinické
praxi. I kdyz totiz existuje fada studii potvrzujicich u¢innost rTMS v 1écbé depresivni
poruchy, pouze malo praci se zaméfilo na srovnani s psychofarmaky (v publikovanych
studiich byla zpravidla srovnavana aktivni rTMS s tzv. shamovou stimulaci, viz vyse). Navic
ve vztahu K antidepresivim lze rTMS pouzit tfemi riznymi zpusoby — bez nich, tedy uzit
monoterapii rTMS, v kombinaci, tedy zacit sou¢asn¢ podavat antidepresiva a zahajit rTMS,
nebo v augmentaci, tedy K jiz probihajici terapii antidepresivy pifidat 1é¢bu pomoci rTMS

(Lefaucheur et al., 2014). My jsme zvolili prvni variantu.

Do studie bylo zafazeno celkem 40 pacientli s depresivni poruchou (s depresivni epizodou
nebo rekurentni depresivni poruchou), kteti byli nahodné rozdé€leni do dvou stejn€ velkych
skupin — jedna byla 1é¢ena pomoci rTMS, druha antidepresivy. Pacienti zafazeni do skupiny
S rTMS byli stimulovéani v pribéhu 15 sezeni ve tfech po sob¢ nasledujicich tydnech (kazdy
pracovni den jedno sezeni). Stimulovéana byla u nich oblast levého DLPFC vysokofrekven¢ni
stimulaci o frekvenci 15 Hz, intenzité¢ 110% individudlniho RMT a poctu 1500 pulsti béhem
jednoho sezeni. U pacientli z druhé skupiny byla zahdjena terapie antidepresivem (popf.
kombinaci antidepresiv), vybér konkrétniho 1éciva byl ponechdn na ivaze oSetiujiciho 1ékare.
Pred zaCatkem 1éCby a po tiech tydnech byl jeji efekt zhodnocen ke zplsobu [éCby
zaslepenym hodnotitelem (raterem) za pouziti Montgomery—Asberg Depression Rating Scale
(MADRS — Montgomeryho a Asbergové posuzovaci $kaly pro hodnoceni deprese) a $kaly
HAMD.

Na konci studie doslo v obou skupinach k signifikantnimu zmirnéni zadvaznosti depresivni
symptomatiky, rozdil mezi skupinami signifikantni nebyl. Ve skupiné 1écené monoterapii
rTMS bylo 14 respondért, ve skupiné 1éené pomoci antidepresiv bylo 13 respondérii. Ve
studii se tedy podafilo prokdzat, Ze monoterapie vysokofrekvenéni rTMS je ucinna v 1écbé
depresivni poruchy a tato uCinnost neni niz§i nez v pfipadé¢ 1éCby beézné uZzivanymi

antidepresivy.
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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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whna FTMS). Vatupnl skdre zdvain osfi pay-
chopatologie v hodnoticich 2kalach ne-
bylo vstupnim nebo naopak wiofujicim
kritériern zafazenl do studie, stejné tak
jako rezistence na piedchozl 16dw.
Soubor pacientd byl nahodné rozadé-
len do dvou stejné velkych skupin za pou-
At generdtoru ndhodnych dkel: na zkou-
many soubor {n = 200 a kontroln( soubor
(n = 20). Od pacientld zafazenych do
Foumaného soubom bylo nutné nejprve
Zkkat informovany souhlas. Studie byla
schwdlena pfklusnou etickou komisl.

Lééba rTMS

Po zaiazenl do studie byl padentdm po-
stupnd vysazena vetkerd medikace psy-
chofarmaky (pokud néjakou uXfvali). Délku
oiF fovec | (wash-out) perody, béhem ni
byli padenti zcela bez antidepresivnl medi-
kace, jsme stanowili na sedm dnd.

Veem padentdm zafazenym do zkou-
man&ho souboru byl nejprve urlen mo-
toricky prah. Ten byl stanoven pomocl
elektromyografu (BMG) na musculus ab-
ductor pollics brevis lat. dx. Motoricky
prah, konkrétnd klidowy motorcky prah
(Resting Motor Threshold, RMT) je defino-
van jako nejniZl stimuladnl aktivita, kterd
pii stimulaci motorckého kortexu wyeold
plsobenim deseti po sobd jdouckch jed-
notlivych pulzd nejmeéné pét motonckych
evokovanych potendald o velikost ampli-
tudy alespon S0 V' [9]. Postanoven! mo-
torického prahu bylo urfeno mito stimu-
lace jako mito Som rostralng od bodu,
jeno? stimulacl byl ziskan RMT.

Béhern viastnl rTMS byla pacientowi se-
dicimu v kiesle k hlavé pfilofena stimu-
lanl chvka. Ke stimulaci gme poudili pfi-
stroj Magstim Super Rapid od firmy The
Magstim Company Ltd. vybaveny os-
mickovou civkou chlazenou vaduchem.
Stimulovali gme oblast lewého DLPFC,
konkrétnl urfenl mita stimulace bylo po-
psano vyie. Frekvencl stimulace e sta-
nowili na 15 Hz a jgil intenzitu na 110%
RMT, podet stimulainich sezenl na
15 v pribshu 15 po sobd jdouckh pra-
covnich dnd (tedy béhem tH tydnd)
Béhemn jednoho sezenl bylo kaidému pa-
dentovi aplikovano celkem 1 500 stimuld
rozdélenych do 10 séril (train) o déke
10 < oddélenych deviti 30sekundovimi
intervaly {intertrain). U pacientd ve zkou-
maném souboru nebyla povolena 2adnd
soubérnd medikace psychofarmaky vyjma
promethazinu do maximdlnl dennl daviky

Tab. 1. Demografické a klinické charakterstiky souboru.

pokush

netickou stmulaci.

Charakteristika rTMS AD p

ek pacientd (v letech) 36,15 678 363669 D35
délka depresivni poruchy (vmé&sicich) 17,75+ 17,2 1683 + 1631 087
délka soufasné epizody (v mésicich) 3,70 + 2,65 428 = 385 0,54
pocet predchazejicich terspeutickich 95, gg3  ggoz081  om

AD - soubor |&2eny antidepresivy, rTMS — soubor léZeny repetitivni ranskranislni mag-

100mg, hlavnl indikacl pro tuto medikaci
byla anxieta nebo insomnie.

Léba antidepresivy
Rowné? pacientdm v kontrolnim souboru
byla po zafazenl do studie postupnd vy-
sayona vedkerd antidepresinl medikace
{pokud néjakou ual). Délku ofEfovac
{wash-out) periody, béhem niZ byli pa-
denti zeela bez antidepresivnl medikace,
Eme shodné stanovili na sedm dnd.
Pacienti v kontrolnim souboru byl [&-
Zeni pomocl antidepresiv ll. nebo IV, ge-
nerace. Whér konkrétniho [éku byl po-
nechan na wzkumnlkowi a byl stanoven
podle farmakologicke anamnézy konkrét-
niho pacienta a podle pievaXujickh pil-
Znakl. Konkrétné 16 pacientd bylo Edeno
pomocl selektivniho inhibitoru zpdétného
wychytdvani serotoninu (S5R1; a to citalo-
pramem, esdtalopramem nebo sertrali-
nem), jeden mirfazapinem a tfi kombinacl
venlafaxinu a mirtazapinu. Antidepresiva
byla vidy podéwina v terapeuticke déwce
po celou dobu studie a v jejich podavani
e pokradovalo | po jejim skonfenl. Bylo
povolenoi poddvani konkomitantnl medi-
kace ke snifeni anxiety a dpravé irsomnie
podobng jako ve zkoumaném souboru.

Hodnoceni psychopatologie
a statistické zpracovdni vysledki
Zavamnoet psychopatologie byla ve zkou-
maném i kontrolnim souboru stanovena
na konci sedmidennl wash-out periody
tésnd pied zahdjenim by rTMS, resp.
antidepresivy a dédle po tfech tydnech
l&chy pomocl Hamiltonowy ikaly deprese
(HAMD) v jeji 21poloXkové verzi a Mont-
gomeryhioa Asbergové Zkdlou pro posou-
zen i deprese (MADRS) [10,11].
Hodnoceno bylo celkovéd skére v obou
ikaldch, dale bylo sledowvéno dosadenl od-
povidi na lbu {responze), kierd byla de-

finowdna jako alespon 50% pokles skdnd
v obou ikdlich, a také dosaen remise,
je? byla definovana jako celkove skdre ve
ikdle HAMD = 7a MADRS =10[12]. Hod-
nocenl zavainosti psychopatologie po-
mocl obou 2kl provdd 8l pychiatr zasle-
peny ke zphsobu by,

Ke zpracovanl dat byl poudit pro-
gram SPSS 11.5 for Windows, Stafistica 7
a Microsoft Excel. Data byla charakienzo-
vana deskriptivnl statistikou a vzhledemn
k jejich povaze zpracovana neparamet-
rickou statistikou. Konkrétnd gme pou-
Zili Mann-Whitnay U test a Wilcoxon Sign
Rank test (kritérium stafistické viznamnosti
p < 0,01} Ke zhodnocenl efekiu lady bylo
spoditing AHAMD a AMADRS. Kalkulowin
byl i podet respondér a remitérd.

Vysledky

Charakteristika souboru

Do studie bylo zafazeno celkem 4D pa-
cientd — mud, kiefl byli hospitalizovani
na PK LF MU a P Brno. U 22 padentd
byla disgnostikovina depresivnl epizoda
(F32), u ech se konkrétné jednalo o leh-
kou nebo stfedné téXkou depresivnl epi-
zodu (F22.0 nebo F32.1). U zbyvajkich
18 padentld byla diagnostikovana reku-
rentnldepresivnl porucha (F33), konkrétné
se u vech jednalo o lehkou nebo stiedné
tékou depresivil epizodu rekurentnl de-
presivnl poruchy (F33.0 nebo F33.1).

Ve sledovanych demografickych a klinic-
kych ukazatelich (wek pacientd, délka sou-
Casné epizody, délka depresivnl poruchy
a podet terapeutickych intervencl v pri-
béhu soudasné epizody pied zafazenim
do studie) nebyl mez souborem 16 enym
TMS a kontrolnim souborem [&Cenym an-
tidepresivy signifikantnl rozd i (tab. 1).

Celkové skdre ve ikile HAMD v celém
souboru (n = 40) bylo pfed lédbou
21,10 £ 3,20, celkove skdre ve ikdle
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Tab. 2. Zména psychopatologie ve zkoumaném a kontrolnim souboru.

Praomérné skdre Pramérné Primérné Primérné
Skala pied lécbou skore po Zskore p skire pfed skore po Z skore p
rThis l&ch& rTMs lécbou AD léché AD
HAMD 21,15+ 3,63 9,05 £ 3,76 392 0,001 21,05 x 2,79 9,55 % 3,24 382 0,001
MADRS 28,95+ 4,25 13,00 =489 342 0,001 270 +392 1355=393 392 0,001

AD - antidepresiva, HAMD — Hamiltionow 2kila deprese v 21 polozkové verzi, MADRS — Montgomeryho a Asbergowe 2kila pro posou-
zeni deprese, (TS — repetitivni transkranisini magneticks stmulace.

Tab. 3. Srovnanl rozdild v ovlvnénl zavaznosti psychopatologie v obou

souborech.

Skala A Z skdre p
HamD 57.21% B4 63 % 041 0,67
MADRS 55, 09% o 38 % 0,42 0,68

HAMD — Hamiltonow 2kila deprese v 2 1polokové verzi, MADRS — Maontgomeryho
a Asbergowé 2kila pro posouzeni deprese, N5 — statsticky nesignifikantni, rTMS — repe-
titivni rarekranisini magneticks stimulace, A, — procentudini pokles peychopatologie v
kontrodnim souboru I&2eném antidepresivy, A, — procentudini pokles psychopatologie

ve zkoumaném souboru kfeném pomoci rTMS.

MADRS v celém souboru (n = 40) bylo
pied léchou 29,33 + 4,05.

Celkove skdre ve ikdle HAMD v sou-
boru leceném rTMS (n = 20) bylo pied
[E&fhou 21,15 = 3,63, celkové skdre ve
ikale HAMD v kontrolnim souboru lede-
ném antidepresivy {n = 20) bylo pied l&-
bou 21,05+ 2,79.

Celkové skdre ve Skile MADRS v souboru
léeném rTMS {n = 20) bylo pied l&dou
28,95 = 4 25, colkove skdre ve Skale MADRS
v kontrolnim souboru lécendém antidepre-
sivy (n = 20} bylo pied léchou 29,70 £ 392

Cose tWe zdvainosti depresivnl poru-
chy, nebyl mez zkoumanym a kontrolnim
souborem pied zahdjenim [&Chy Zadny
signifikantni rozdl.

WEichini pacienti z obou souborh dokon-
&li 1&%u, u #Fdného nemocného se newy-
skythy vwznamn &2l ne2sdoucl Gdnky.

Uéinnost rTMS versus Gdnnost
antidepresiv v |&€bé depresivni
poruchy

Po lédké e ve zkoumaném souboru zmé-

nila psychopatologie takto:

* celkové skdre ve 2kdle HAMD kleslo sta-
tisticky signifikantné (p = 0,001}, cel-
kem o 57,21 %,

* colkowd skire ve Skadle MADRS kleslorov-
né? statiticky signifikantné (p = 0,001},
celkemn o 55,09 %.

Po l&dhé se v kontrolnim souboru zménila

mychopatologie takto:

* Colkove skore ve kale HAMD klesho sta-
tisticky signifikantné (p = 0,001}, cel-
kem o 54,63 %,

¢ celkovd skdre ve Skdle MADRS kleslo
statisficky signifikantné {p = 0,001}, cel-
kem o 54,38 % (tab. 2).

Rozdll mezi zkoumanym souborem
a kontrolnim souborem v oviivnénl ziva2-
nosti psychopatologie nebyl ani v jedné
ikdle statisficky signifikantnl {tab. 3).

Ve zkoumaném souboru pacientd l&-
denych pomocl rTMS n = 20) bylo na
kond studie Zest nonrespondérd (30 %)
a 14 respondénd (70 %), Z nich2 pdt do-
sahlo remise (25 %), v kontrolnim sou-
boru {n = 20) bylo na korci studie sedm
nonrespondérd (35 %) a 13 pacientd
{65 %), u nich? dcglo k odpovédi na
I&cbu, z nich? Sest dosshlo remise (30 %)
Rozd(l mezi poctem respondérd ani po-
Ctern remiténd nebyl mezi obéma soubory
statieticky signifikantnl.

Diskuze

Cllern nadl studie bylo posoudit adnnost
vysokofrekvendnl rTMS aplikované na
oblast levého DLPFC v kdbé depresivni
poruchy a srovnat ji s Gfinnostl b&2né
utvanych antidepresiv Il nebo IV. gene-

race. Tento ¢l se podafilo naplnit — rTMS
vedla ke statisticky signifikantnimu snl-
Zenl zhvainost psychopatologie méfena
pomoc 2kal HAMD a MADRS a toto snl-
Zenl nebylo niZl ne v pilpadd pouitl
antidepresiv. Tim se potvrdily | obé hypo-
tézy. Lze fid, 2e asi dvé tietiny pacientd
ve Zkoumaném i kontrolnim souboru od-
povedals na &by — dosshlo responze
(70 v= 65 %) a takika tfetina z nich do-
konce dosahla remise (25 v 30 %). To
zhruba odpovidd vysledkdm lEchy de-
presivnich nemocnych prvnim adekvat-
nirn l&debnym zpdsobem, dall l&debng
pokusy u nonrespond érd jsou jiz obwykle
méng ddnné [13]. Vzhledem k tomu,
fe se u nasdich pacientd jednalo v pri-
méru o druhy l&ebny pokus v mei ak-
tuslnl depresivil epizody U pacientd 18-
Zenych rTMS piedchazelo v priméru
0.9 ladebného pokusu, u pacientd l&ce-
nych antidepresivy 0.8 pokusu), 122 nade
vysledky oznadit jako dobré. Tyto wy-
sledky potvrzujl pozitivnl z&wary recent-
nich studil a metaanalyz, napf. Schutte-
rowy metaanalyzy, ve které jejl autor
konstatoval, fe Ofinnost rTMS je srov-
natelnd s Odinnostl bé&Ené uZivanych
antidepresiv [14].

Kontraindikace zafazenl do studie Ize
povarovat za standardnl. Patfila mezi né
piftomnost mychotickych pilznakd, a to
vzhledem k tomu, 22 1&Cba psychotické
deprese se [ Z etickych divodd sem na-
leZelo | vysoké riziko suiddia a ddle pfi-
tomnost komorbidnich psychickych po-
ruch, které by mohly oviinit wsledky
a znesnadnit jejich interpretaci. Patfila
sem | nékterd zavaindfl somaticks one-
mocnénl, pfedeviim epilepsie, a l&ba
fluoxetinem a depotnimi antipsycho-
tiky vzhledem k jejich dlouho pietredva-
jkimu ddnku. Zafazeni byli pouze mui,
protofe studie byla provadéna na mu-
ském odd@lenl. V literatufe jsme nena-
lezli zminky popisujici, ¢ by byl odIEny

Cesk Slov Neural N 2014; 77110(5): 602—607
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ofekt rTMS v 1&Cb8 muZi a 2en s dopre-
sivnl poruchou.

Parametry stimulace jsme zvolili na z4-
klad® inspirace vysledky predchozich
studil — jednalo se o wysokofrekvendnl
stimulad o frekvenci 15 Hz, intenzité sti-
mulace 110 % RMT aplikované na ob-
last levéhvo DLPFC, konkrétni mEto stimu-
lace bylo zvoleno tradidnim zpdsobem.
Pofet sezenl prme stanovili na 15, protoZe
pravé tento podet se jovil jako nejniZl
vhodny [13]. Mejni2Zl vhodny podet stimu-
lacl jsme zvolili proto, abychom co nejvice
Ziratili dobu gy, a tud | dobu hospi-
falizace a s ni spojené naklady. Konkrétnl
stimulalnl parametry wehazely z natich
klinickych zkufencstl béhem piedchozl
aplikace rTMS v 16Cbe depresivl poruchry.
Ve vaolbé stirmuladni frekvence pme e ne-
chali oviimnit studil autord Loo et al [16]
Aby nobyly vysledky oviinény psychofar-
maky, byla povolena pouze pildatnd me-
dikace promethazinem.

W kontrolnim souboru |&Zeném anti-
depresivy byla ponechdna volba léku na
ivaze wekumnlka, aby 58 maximalnd biF
Hla baZng klinické praxi.

Iminéné velmi dobré wsledky v do-
satenl respondérd a remitérd na 1&Cbu
v obou souborech si wevetlujeme mimo
jiné tim, Zo se jednalo o pomémé miadé
pacienty (pramérny vék 36,15 roku ve
Zkournaneém souboru a 36,3 roku v kon-
trolnim souboru), pfiem? se pfedpo-
kldda, e u stadich pacientd je rTMS
ménd ofektival, svizelndjil viak byvs an-
tidepresivnl lédha wve vyilich wekowych
kategoriich obecné [17]. Dali skuted-
nostl, kierd se podilela na pozitimich vy-
sledckch, byla i relatimé kratii doba tr-
vanl soufane depresinl epizody (2,7,
resp. 4,28 miske) a depresival poruchy
{(17.75; resp. 16,83 méske). Dakim fak-
torem mi2e byt | niZl zdvainost psycho-
patologie (Zéwanost soulasné depresivnl
opirody byls u vech padentd hodnocena
jako lehks nebo stiedné ta3ks). Pogitivnl
viiv mohla mit | samotnd hospitalizace pa-
cientd a s ni spojeny redim na oddélen(
a podpdrnd psychoterapie (systematicks
psychoterapie pacientdm samoziejmé po-
skytovana nebyla).

Vétlina studil srovnava odinnost ak-
tivnl rTh% se shamovou stimulacl, pi-
padné augmentaci antidepresiv rTMS
ve srovnanl se samotnymi antidepresivy.
Podobny design studie, jako byl té nagl,
tedy piimé srovndni rMAS v monoterapii

5 antidepresivy, wyudili v roce 2009 Baret
et al. Ve dvgjité slepé, randomizovand
studii se 60 na I&Cbu rezitentnimi pa-
denty srovndvali Gdnnost nizkofrekvendnl
stimulace {o frekvend 1 Hz) aplikované na
oblast pravého DLPFC & ddinnostl venla-
faxinu s prodlou2enym uvolfovanim. Cel-
kovd doba by byla stanovena na Chyfi
tydny. Ve skupiné pacientd l&lenych
MAS doglo k odpovedi u 33 % a remisi
u 19 % pacientd, ve skupind Bfend ven-
lafainern u 39 %, resp. 22 %. Za hlavnl
limitace studie byl autory povaZovan re-
lativné maly podet padentd, nezafazenl
placebowe vatve (z etickych ddvodd) a re-
lativié kratks doba &by antidepresivy.
Autofi uzavirajl, e nizkofrekwendnl pra-
vistranna rTMS ukizala srovnatelny tera-
peuticky efekt < efektem venlafaxinu byt
ten byl o néco vBEN [18]. Ma rozdil od
natl studie se tedy jednalo o studii dve-
jite zaslepenou, zkoumajicl efekt nizko-
frekvendnl pravostranng rTMS ve srovndnl
5 jednim konkrétnim antidepresiven, ato
b&hem l&y o tyden deBl. O néco horl
wisledek ne? v nalem piipadd (zviaite
o se twe procenta respondérd v cbou
skupindch) lze pravdépodobné phikls-
dat tomu, e do Barelovy studie byli za-
fazeni vwhradné nemomi na [&bu rezi-
stentn( (byf zvolené krtérum rezistence
bylo pomémé mimé —stadila chybéjicl od-
powdd na jednu pfedchozl antidepresivnl
l&cbu). ¥ nasl studii naopak pfi Zafazo-
vanl pacientd nehrdlo krtérium rezistence
foll & pramérny podet pfedchozich tera-
pil dané depresivnl epizody byl ve zkou-
maném i kontrolnim souboru ni2dl ne2
jeden, kdedto u BareSowy studie byl mini-
malné jeden.

Starkl studie, kterd rovné? srovnivala
Gdnnost rTMS s antidepresivy, je studie
Chistyakova et al z roku 2005, Autofi do
ni zafadili celkern 59 pacientl s depresivnl
poruchou, které rozdélili do tH skupin.
Jedna skupina byla l8dena levostrannou
nebo pravostrannou fTMS o frekvenci
3 Hz, druh4 skupina levostrannou nebo
pravostrannou TS o frekvenci 10 Hz,
k tomu obé skupiny dostavaly placebo-
vou medikaci. Posledni skupina padentd
byla l&ena klomipraminem a shamo-
vou rTMS. Létha trvala pouze dva tydny.
lako nejudinn@gl se jevile pouditl levo-
stranné rTMS o frekvenci 3 Hz, ve kterd
&z 11 {tedy 54,5 %) pacientd dosihlo
responze definované jako 50% pokles
skére ve fkdle HAMD [19]. Ve srovnanl

5 touto studil gme dosahli weledku srov-
natelného s nejidinngiil levostrannou
rThS o frekvenci 3 He, oviern v obou sku-
pindch — u pacientd [&denych rTMS | anti-
depresivy, l6cba viak v nafem pfipadé tr-
vala o tyden déle.

Tretl a rownd? staril studie, majkl vztah
k problematice srovndwni ddinnosti rMS
a antidepresiv, byla publikovana v roce
2004. Zkoumnala efekt rTMS o frekvenci
15 Hz doplnéné placebovou medikacl
5 efektern flucxetinu doplnéného shamo-
vou rTMS u depresivnich pacientd s Par-
kinsonovou chorobou. Wsledky leCby byly
hodnoceny po dvou a csmi tydnech (pd-
Zom? rTMS byla aplikovana po dobu prv-
nich dvou tydnd). Po dvou tydnech kleslo
skdre Zkaly HAMD o 38 % u padentd |é-
Zenych aktival rTMS a 0 41 % u padentd
l&Zenych fluoxetinem. V obou skupindch
bylo moZné po dvou tydnech &y cha-
rakternzovat 43 % pacientd jako respon-
déry. Po osmi tydnech antidepresivnl
efekt pretrvaval, byla viak patma hoddl
sn&enlivost antidepresiva ne? rTMS [20].
Tato studie, byf u odlEného soubom pa-
cienth — pacientd s depresl u Parkinso-
novy choroby, ukdzala stejné jako nage
studie srovnatelny efekt rTMS a antide-
presiv. V piipad® nadl studie byl podet re-
spondérd weLl, cof mide byt dano del-
Zim trednim 16Cby (i tedny ve srovnd ni se
dvéma tydny).

Menl mo#né opominout ani limitujicl
faktory natl studie. Patfl mez né pfede-
wim relativnd maly soubor pacientl, z8-
véry by bylo potfeba ovéfit na vE&Im
poctu subjektd. K imitujicm faktordm ur-
Cité naled pomémé kratke trvanl studie -
a to tfi tydny, cof miZe byt pilE kratké
na plny rozvo) terapeutického Odinku an-
tidepresiv, ale i rTMS. Na druhou stranu
pouze studie Barete et al trvala déle, a to
o tyden, aviak zafazeni do nl byli pouze
rezitentnl pacienti [18].

Mate studie ukazala, ¥o frTMS je Glinnd
v akutnl 1&dhé lehké nebo stfednd t82ké
deprese a tato ddnnost nenl niEl na2
afinnost béEnd u2ivanych antidepresiv,
co? potvrzuje wsledky nékolika dosud
publikovanych studil srowndvajicich ofakt
rTMS s efektern antidepresiv. Nezna-
mena to samozigjmé, e by rTMS na-
hradila ve w83 mife terapii antidepresivy
vzhledem k jejl menii dostupnosti, ale
mohla by predstavovat prijatelnou alter-
nativu pro pacienty, ktefl sou farmakore-
Zistentnl & z néjakého divodu nemohou
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nebo nechtdl utvat léky (napf. pro ne2s-
doucl &inky). Vyhodou rTMS je toti mi-
nimurn nefddouckch Gankad, cof potvrdila
i nafe studie, béhem ni? se 2adné zival-
n&El nevyskytly, a wichni pacienti l&cbu
dokondili. Predmétem daEho vwzkumu
ale zistévd, jak optimalizovat stirmuladnl
parametry, dile vytipovani subpopulacl
pacientd, ktefl mohou mit z fTMS nej-
wetil prospéch, a také Zjgténl, jakou 2vo-
lit nejvhodn gl pokradovact a udriovacl
léchu vzhledem k tomu, #o adinek akutnl
terapie pomocl rTMS je obwkle pouze
piechodny.
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6.3 Lécba negativnich piiznakit schizofrenie s vyuZitim repetitivni
transkranidalni magnetické stimulace ve dvojité slepé, randomizované,
kontrolované studii

Komentar:

Tato studie si kladla za cil ovétit, zda vysokofrekvencni rTMS cilend na oblast levého
DLPFC miize u pacientli s dominujicimi negativnimi piiznaky schizofrenie snizit jejich
zavaznost. Jednalo se o jednu z prvnich studii s dvojité slepym designem zaméfenych na tuto
otazku. Zatazeno do ni bylo celkem 22 pacienti se schizofrenii stabilizovanych na
antipsychotické medikaci a s pfetrvavajicimi negativnimi ptiznaky; stimulace byla tedy
pouzita jako augmentace. Pacienti byli ndhodné rozdéleni do dvou stejn¢ velkych skupin.
Prvni znich byla 1é¢ena aktivni (G¢innou) rTMS, druhd pak tzv. shamovou (placebovou)
stimulaci. Jak se pozd¢ji ukazalo, dualezité byly stimula¢ni parametry, které jsme zvolili.
Stimulace byla aplikovana celkem v patnicti sezenich v pribéhu patnacti po sobé
nasledujicich pracovnich dnli. Cilem stimulace byla jiZ zminéna oblast levého DLPFC,
konkrétni stimulaéni frekvence byla 10 Hz a jeji intenzita 110% individualniho RMT, délka
trainu byla 10 sekund a délka intertrainu 30 sekund. Béhem kazdého sezeni bylo aplikovano
1500 pulst. Efekt stimulace byl métfen pomoci skaly PANSS a skalou SANS.

Na konci studie doslo k signifikantnimu snizeni zdvaznosti negativnich pfiznakl ve skupiné
stimulované aktivni rTMS (o0 29% v negativni subskale PANSS a o 50% ve Skale SANS). K
mirmnému sniZzeni zavaZnosti negativnich pfiznakil doSlo 1 ve skupiné lé€ené shamovou
stimulaci (o 7% v negativni subskale PANSS a o 13% ve skale SANS; sniZeni ve Skdle SANS
bylo statisticky vyznamné). Vzajemné porovnani vysledkd v obou skupinach ukazalo, ze
pokles zdvaznosti negativni symptomatiky byl ve skupiné 1écené aktivni rTMS vyznamné&;jsi.
Pacienti v obou skupinach tolerovali 1é¢bu bez podstatnéjsich nezadoucich uc¢inkt, dochazelo

jen k mirnym bolestem hlavy po stimulaci.

Vysledky této nasi studie byly zahrnuty do nckolika metaanalyz, které zpracovavaly
vysledky z dostupnych dat. Prvni z téchto metaanalyz byla publikovdna Freitasovou a jejimi
spolupracovniky v roce 2009. Zahrnuto do ni bylo celkem osm dvojité slepych studii. Effect
size rTMS v terapii negativnich pfiznakl byl mirny az stfedni (d = 0,58), pfi zafazeni pouze
studii kontrolovanych shamovou stimulaci se vSak snizil na 0,27 (Freitas et al., 2009). Druha

metaanalyza byla publikovana Dlabac-de Langeovou a jejimi spolupracovniky o rok pozdéji.
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Autofi do ni zafadili celkem devét studii. Effect size stimulace byl nizky (d = 0,43). Kdyz
vSak spocitali effect size jen pro studie, které zvolili stimulacni frekvenci 10 Hz (vcetné té
nasi), byl effect size rTMS stiedni (d = 0,63) (Dlabac-de Lange et al., 2010). Treti
metaanalyzu publikoval Shi se svymi spolupracovniky v roce 2014. Autofi do ni celkem
zaradili Sestnact studii (vCetné nasi). Effect size rTMS byl 0,41, pokud byl vysledek méfen
Skalou PANSS, a 0,80, pokud byl méten Skalou SANS. Za moderatory ucinku rTMS na
negativni pfiznaky oznalili jeji autofi délku poruchy, stimulacni frekvenci, stimulacni
intenzitu a také zpisob méieni vysledku (Skalou PANSS vs. skadlou SANS). Na zaklad¢
vysledkd ucinili 1 nekterd doporuceni, jakou stimulaci u této subpopulace pacientii zvolit.
Doporucuji delsi dobu stimulace (tfi tydny a déle), frekvenci 10 Hz a intenzitu 110%
individudlniho MT (coz jsou piesn¢ parametry, které byly zvoleny v nasi uspésné studii).

Rovnéz také doporucuji vyssi pocet pulsti (Shi et al., 2014).

Na zékladé vySe uvedenych poznatkt doporucuje kolektiv autorti vedenych Lefaucheurem
V doporucenich k terapeutickému vyuzivani rTMS z roku 2014 uZivat v 1é€bé negativnich
ptiznakl schizofrenie vysokofrekvencni rTMS o frekvenci 10 Hz a cilenou na oblast levého
DLPFC s tim, ze dikazy podporujici toto doporuceni Ize hodnotit na urovni B (tedy takto
provadéna 1écba je pravdépodobné ucinnd) (Lefaucheur et al., 2014). Nutno ovSem dodat, ze
od té doby byla publikovana jedna velkd multicentricka studie (pocet zatazenych pacientil
175) snegativnimi vysledky, ackoli zvolila ke stimulaci levy DLPFC, frekvenci 10 Hz,
intenzitu 110% individualniho MT a pocet stimula¢nich sezeni 15 ve tiech tydnech (Wobrock
et al., 2015). Celkovy pocet aplikovanych pulst byl vSak pftili§ nizky — pouze 15000 (v nasi
studii byl 22500 a co nejvyssi doporucuje i vySe uvedend metaanalyza). Jind velkd studie
(pocet zatazenych pacientd 117) vSak byla pozitivni — uZila rovnéz vysokofrekvencni rTMS o
frekvenci 10 Hz, intenzita stimulace vSak byla niz§i — 80% individualniho MT, doba 1écby
delsi — 20 sezeni béhem Sesti tydnti (deset sezeni, poté dva tydny pauza a dalSich deset
sezeni), celkovy pocet pulsti o néco vyssi (nizsi v§ak nez v nasi studii) — 16000 (Quan et al.,
2015).

Prikryl, Radovan — Kasparek, Tomas — Venclikova, Simona — Ustohal, Libor — Kucerova,
Hana — Ceskova, Eva. Treatment of negative symptoms of schizophrenia using repetitive
transcranial magnetic stimulation in a double-blind, randomized controlled study.
Schizophrenia Research 2007; 95: 151-157.
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Ahbstract

Oiyjective: To venfy whether high-frequency rTMS applicd abowve the arca of the left prefrontal cortex in 15 stimulation sessions with
i stimulation intensity is able to modify negative sympioms of schizophrenia ina dowhle-blind, randomized controllod sudy.
Methods: Twenty-two patients with schizophrenia stabilized on antipsychatic med ication with prominent negative symptoms were
included in the trial. They were divided into two groups: cleven were reaied with effective rTMS and eleven with ineffective
“sham™ rTMS. The incfiectiveness of the sham rTMS was achieved through the stimulation coil position. Stimulation was applied
to the left dorsolateral prefrontal cortex. The stimulation frequency was 10 Hz Stimulation inensity was 110% of the motor
threshold intensity. Each patient received 15 rTMS sessions on 15 consecutive working days. Each daily session consiged of 15
applications of 10-second duration and 30-second interval betwoen sequences. There were 1500 stimuli per session.

Results: During real rTMS treatment a stafistically significant decrease of negative symptoms was found (approcimately 29%
meduction in the PAMNSS negative symptom subscale and 50% reduction in the SANS). Mo adverse ev ents occwmed during themapy
except for 2 mild headaches In sham rTMS reatment a decrease of negative symptoms was also identified, but © a lesser extent
than in real fTMS (about 7% in negative subscale PANSS and 13% in SANS). The change in SAMNS achieved statistical
significance. Muneal comparison revealed a greater decrease of neg ative symptoms in favor of real rTMS in contrast to sham rTMS.
Comcfusion: The angmentation of rTMS enabled patients to experience a significant decrease in the severity of the negative
symptoms, (ur resuls support the therapeutic potential of rTMS af higher frequency for negative symptoms of schizophrenia.
& 2007 Elsevier BV, All rights reserved.

Keywords: Negative symploms; rTMS; Schicophrema; Therapy

1. Introduction

Positive psychotic symptoms are more easily recog-
nizshle and ame also more emsily mfluenced by anti-
pevchotics than the negative symptoms of schizophrenia,

* Comesponding andhor. Tel . 4200 53223205 5; Fan: 020 532233 W6
Eemail address: radovan griloy b posce (R Prikryl).

B20-99%45 - 382 ool matier £ 2007 Ekevier BV, All nghts reserved

doi: 10101 64 schres. 2007 06,019

However, compared to positive symptoms, negative
symptoms have a grester impact on the social and
working lives of patients as well as their overall quality of
life. Although the modification of negative symptoms
using second-generation antipsyehotics s more signifi-
cant thn for first-genemtion of antipsychotics, it s stll
clinically unsatiGetory. Insufficiently effective therapy
for negative symptoms is currently considensd to be one
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of the most relevant problems of schizophnenia treatment
(Kitkepatrick, 2006).

Repetitive tmnscranil magmetic stinulation (1TMS)
provides the possibility of direct nd, using a tmnssymaptc
transmission, also indirect modulaion of the neummal
activity of mortical brain anesas and relevant neurmal aronis.
The efficacy of rTMS in the treatment of negmtive s ymptoms
of schizophrenia may be due to activation of frontal cortical
neurons by high-frequency (TMS (Post et al, 1997) A
negmtive comdation between the adivity of the fontl
cortex and seventy of the nemtive symptoms has bemn
dentified repestedly (Potlan et al, 2002). Another no less
sigmificant factor is the offeat on the rdease of dopamine
from the mesolimbic and mesostriatal eerebral system using
high-frequency stimulation of the frontal conex. The
mesobmbic bran stuctures play an mnportant mle m the
pathogenesis of negative sympioms of schizophrenia, such
as mhedomia or loss of interest (Hemmer et al, 1997). Tests
with rat brams showed that a seledive increase of dopamine
comcentration in the dorsal striate and mudews acoimbens
occurred after high-frequency stimu lation of the frontal obe
(Keck etal, 2002), Usng functional imagn g methods made
it poasihle to determing the same effect in humans, Stafella,
who used "'C PET (Positrone Emission Tomogrphy),
found that high-frequency rTMS of the domolaterl
prefrontal corted mduced a relese of endogenous dopamine
in the psilatenl muckus cadats m healthy volinteers
(Stmfella et al, 2000). These facts form the hasis of the
theoratical reasons for the efficacy of TMS in negative
symptorms of schizophrenia Inprovement of negative
symptoms after 1TTMS is possibly caused by the activation
of mesolimbic md mescstiatal dopaminenzric systams
(Strafella e al., 2000).

Current experience with the treatment of the negmtive
sympioms using rIMS is reltively limited The listed
studies are difficult to compare, because except for the
hetermpensity of the patients” chnical symptoms, they differ
in terms of both stmulation frequency and localezation of
stimulation. %o far, eleven studies have been performed in
total meludmyg 172 enrolled patients. Six o fthem wens blind
and the five remaining were open. Except for the mitial
low-frequency attempts, exchsively high-frequency stim-
ulation of the left prefrontal cortex was used. Patients witha
majonty of negative symptoms wsng a stasble madiction
including antipsychotics wene enmlled in the studies. The
phammacological thempy remamed unchmged dunng the
rIMS stimulation. Six studies found a statisbically
significant reduction in the severity of the negative
sympioms (Cohen et al., 1999; Rollnik et al, 2000;
Hapk et al, 2004; Jandl et al, 2005; Jin et al, 2006,
Sachdev et al., 2005 however, the reducton was assessed
a5 chnically insignificint in two cases (Cohen etal., 1999;

Jandl et al, 2005). A dinically and statistically significant
reducton of the negative svmploms was themefore found m
four studies (Rollnik et al, 2000; Hajak et al., 2004; Jin
et al., 2006; Sachdev a al., 2005). All ;ases were double-
blind studies with high-frequency stimolation within the
frequency mnge of 8-20 He appled shove the area of the
left prefrontal corte duning ten stimulation sessions. The
pilot study performed by Sachdev, which represents
evcegption, used a double number of stmulaton sessions
(Sachdev et al, 2005). Ten strmulastion sessions wene the
maximum in all the studies performed. Sinee we know
from the depression treatment studies using 'TMS that the
thempentic effact of stimubtion increases with the number
of applied mmpulses, which cm be best achieved by m
increase of the number of stimulation sessions, the question
15 whether the treatment of the negative symptoms usimg
rTMS woukl benefit from the appliation of a higher
number of stimulation mpulses (Gershon et al, 2003).

The mim of this work was to venfy whether high-
frequency rTMS mppliad above the anesa of the left prefrontal
wrex mcluding in total 15 stimuolation sessions with
maximum  stmulation mmtensity s able o modifye the
negutive s vmptoms of schzophrens in the double-bhnded,
randomized study settings.

2, Methods
24 Subject characteristic

Subjects mcduded 22 maks patients whowen: admitted o
the Psychitric clinic of the Faoulty of Medicine of hMasaryk
Univemity and Faculty Hospital in Bmo, Casch Republic
with a dimgmosis of schimophrena, Only those patients who
fulfilled the criteria for schizophrenia acoonding to the
Intemational Chssificaton of Diseases, revision 10 (1CD-
1) and disgnostic ressarch eriteria and who wene stibilizad
bong-term (for at last 6 wedis) on mtipsvehotics, who had
significant negative sympioms without other psychintnc
wmorbidity such as mood, anxiety or pesonal disorders
were mcluded i the study. The diagnosis was venfied by
two independent experienced paychiatrists. The age of the
enmlled patents mnged fom 18 to 60 yers. Patients who
had a neurologmeal disease (ncluding epilepsy or abnormal
EEG rapond), cordiovasailer, cerebrovasailr, endocnnal,
systemic mitoimrmumne dismse, psychoactive drug abuse
mehiding akeohol oracuterisk ofsuicide atsoeenngorwho
had such condition in the pastwers not included m the study
Absenee of peychoactive dug abuse was confirmed by
unine serems for annabis, amphetammnes and opioids. All
subjects had no experience with 'TMS treatment in the past.
Omly those patents who sined informed consent md who
had no contmindication for 1TMS were mchuded in the
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studw The study was approved by the local ethics commmitbes
and complies with the requranents of the Declamtion of
Hekinki.

22 Stwdy procedures and ireatment design

Theewaluated group was divided in two subgoups wsing
amandom mumber genermtor. The first subgroup (11 patients)
receved the real rTMS md the secomd subgroup (11
patients) received the sham (TMS. Both forms of rTMS
treatrment wens perdformmead on workdays, e 5 times a week,
until complation of 15 procadures. Duning the stimulation
thempy the patents remamed on their presoribed antipsy-
chotic medication. The seventy of psychopathologal
symptoms before and after the treatment was evaluated
wsing the positive, negative and peneral symptoms scale
(PAMSS: Positive md Megtive Syndrome Scale; SANS:
Scale for the Asssssment of Negative Symptoms; SAPS:
Scale for the Assessment of Positve Sympioms), the
Montromery and Asberg Depression Sale (MADRS) md
the Calgry depression scake for schizophrenia (CDSS):
(MADRS: Montzomery-Asherg Depresson Rating Scale;
CD55: The Calgary Depression Scake for Schimphmenia)
(Kay etal, 1987; Addington etal, 1'994; Filip etal,, 1997
The clmical status of the patients was evaluaed by an
experienced and tramed psychiatrist who had 8 vears of
practice in application of the schizophrenia scakes. Evalu-
ationoftheseverity of the clnical status and performance of
rTMS was mutially blinded. It mens that the assessor of
the clinical statis did not know whether the patients wens
treated with the real or sham stimulation. When the patients
finshed the treatment they were shad to estimate whether
they were treated with the real or sham stimubation.

2.3, Method of performance of rTMS

The rTMS treatment commenced with determination
of the patient’s motor threshold (MP) and localization of
the site of stimulation. Motor threshold s determined
using the electromyogrph (EMG) in musculus abductor
pollicis brevis L dx. Determination of MP is defined as
the lowest stimulation activity that causes at least 5
mator potentials with an amplitude at least 50 mVin 10
single impulses. The actual performance of 1TMS is
defined by the location of application (left dorsolateral
prefrontal cortex), miensity of magnetic strmulation in
%o of MP (110% of MP), stimulation frequency (10 Hz),
duration of mmpulse series (10 ), interval between
sequences (30 s) and the total number of applied stirmuli
(1504). The clinical status and technical data of the
application including tempemture of the stimulation coil
were observed over the whole application. The Magstim

Super Rapid strmulation device was used for the rTMS,
and EMG MedelecSynernzy was used for evaluation of
the motor thresholkd. The insffectivensss of the sham fTMS
coil. It formed an mgle of 97 agunst the sudace of the
head, which was sufficient to prevent stimulation of the
brain corex. Blinding of patients was also ensured using a
background sound that occurs dunng the real strmulabon.

24, Data analysis

The statistical softwane “Statistica™ (StatSof, e, (2001).
STATISTIC A Cx [Software for data snalysis], vemsion 7.1)
wis wsed for dat analysis. The data were desaibed as
desenptive and processad wsing non-parnmetncal stitistics.
Thenormality of datawas testad by means o fKomogomy—
Smimaov test; becanse the prerequisies of pammetric tests
were not fulfilled, he nonparametric tests were adopted.
The siz of mpomg changes n the MADRS, CDSS,
SANS, SAPS and PANSS sales and ther relationships ©
the type of stimulation therapy were evaluatad.

3. Resulis
11 Demaographic data of the real rTMS group

The meal rTMS group included 11 patients (mean age
31.36 vears; SD=843) with education defined by the
number of vears of compulsory education (mean
11.72 years; SD=0.91) and mean duration of disease
(5.27 years; SD=5.87). All 11 patients stated they had
been stimulated by real (TMS. The mean daily dose of
antipsychotics was 217.73 mg (8D=216.92) of chlor-
promazing squivalents (see Table 1)

32 Demographic data of the sham rTMS group

The sham rTMS group included 11 patients (mean age
3646 vears; SD=10.74) with education defined by the
number of vears of compulsory education (mean
1246 years; SD=2M) and mean dumtion of disease
(8. 18 vears; SD=§ 88). Only one patient assumed he had
been treated with the sham rTMS whilke all other patients
stated their stimulation had been real. The mean daby
dose of antipsychotics was 24773 mg (SD=164.11) of
chlompromazime equivalents (see Table 1).

13 Comparizon of demographic data of the real and
sham rTMS groups

Mo statistically significant differences betwesn the
ohserved demogmphic data of the groups of patients
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who wene treated with real or sham rTM S were found
(see Table 1).

34, Charactenistics of the clinical status of the real
rTMS group

Table 2 shows the mean scoms of the MADRS,
CD3S, PANSS, SANS and SAPS scales before and after
rIM S, Statistcally significant reduction of severity of
the negtive, common, affective and general symptoms
of schizophrenia occumred in the real rTMS group which
was indicated by reduction in the MADRS and CDSS
scale, the PANSS peneml score including the negtive
and general subscales and the SANS scale. The rate of
pisitive symptoms of schisophrenia was unchanged
(see Table 7).

35 Characteristics of the ciinical status of the sham
rTMS group

Table 3 shows the mean scoms of the MADRS,
CDSS, PANSS, SANS and SAPS scales before and after
IS, A statistically sigrificant reduction of severity of
the common and geneal symptoms of schizophrenia
odcurned in the sham rTMS group, which was indicated
by reduction in the PANSS general subscale and PANSS
general score. The intensity of the negative symptoms of
schizophrenia was statistically significantly reduced only
in the SANS sale. However, it was inchanged in the
PANSS subscale. The rate of affective and positive
symptoms of schizophrenia was unchanged (see Table 3

36, Comparison of the size of ongoing changes of the
clinical status between the real and sham rTMS groups

Compared to the sham rTMS, the real 'TMS caused a
statistically sigmficantly higher reduction of seventy of
the negative, affective and total symptoms of schizophre-
ni. Onthe contrary, no difference was found with respect
to the positive and common symptoms of schisophrenia
(see Table 4).

4. Discussion

It is clear from our results that supmentation of mte
pvchotics with a high-frequency rTMS applied above the
area of the left prefrontal conex cmses a significant
reduction in the intensity of the negative svmptoms of

A marked reduction of the severity of nemtive
symptoms occumed during the real 'TMS by 29% in the
PANSS negtive symptom subscale and by 50% in the

SAMNS scale. Both these methods achieve a statistical
sigmificance. A higher reduction in the SANS subscale
can be explained by the higher sensitivity, the specificity
and morme detailed evaluation of the negative symptoms
wsing this sale. In addition to the negative symptoms,
there was also a statistically significant improvemnent in
affective and other symptoms of schizophrenia and
general psychopathology that was subject to alleviation
of the negative and common symptoms of schizophne-
niz. Because the positive symptoms were not affected by
the stimulation. All the included patients underwent the
whaole thempy without complications except for a mild
headache that occurred in two patients, which disap-
peared quickly after administration of the commeon
salicylate analgesics,

Reduction of the seventy of negative symptoms also
occurred in patents treated with the sham stimulation but
the reduction was markedly lower than for the ral rTMS.
The mtensity of the negative symptoms was reduced m the
negative PANSS and the SANS scale by 7% md 13%,
respectively. Only the SANS scale varmtion achieved a
statistical significnes. Sham stimulation led to a statet-
ally significant reduction ofthe mte of sommeon symptoms
of schizophrenia mnd contingent general peychopathology.
However, no statistically signifimnt changss have bem
wentified. The ressons why sham stimulation caused a
reduction of the negative symptoms, and in particular
oommon sympboms of schizophrenia, @n be found in the
presence of the placebo effedt associated with this method
md s probably caused by the greater interest paid o the
patient as a result of the daily procedures assodated with
TTMS.

Comparison of the effects of the real and sham stimu-
lation shows that compared to sham stmulation the neal
rIMS produces a statistically significant reduction m the
severity of negmtive sympioms. Except for the negative
symptoms m which this effect 15 the most prominent, the
real rTMS is mone effective in modification of the affective
symptoms and overall symptomatology of schizophrenia
comparad to the sham stimulation.  Alkeviation of the
general symptomatology is subject to the effect of rTMS,
epecially on negative md affedive symptoms. Cument
alleviation of depressive symptoms is logial and results
from the activation effects of the high-freaquency rTMS on
the prefrontal corex. (Holtzheimer ot al., 2001; McNamam
e al, 2001; Kol md George, 2002; Aarme ot al., 2003;
Martin et al., 2004; Couturier, 2005).

Curmrent expenence with the treatment of negative
symptoms using rTMS is still relatively low. Disap-
pearance of the negative symptoms of schizophrenia
after apphication of the high-frequency rTMS above the
amea of the lefl prefrontal corex was found i thres
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previous double-blinded studies (Rollnik et al, 2000;
Hajak et al., 2004; Jin et al., 2006).

In 20001, Rollnik et al. published a work that focused
on the evaluation of efficecy of rTMS in 12 patients
with schizophrenia. The real rTMS led to a statistical by
significant reduction of severity of the symptoms of
schizophrenia and no change occured in the sham
stimulation (Rollnik et al., 20007,

Drespite the positive conclusion of Rollnik’s study,
Hajak published another study in 2003, In total, twenty
patients with schizophrenia or schizoaffective disorders
with predominant phammacoresistint negatve symptoms
were emrolled in the study. Patient s treated with real 7TMS
experenced a significant reduction of seventy of negative
symptoms compared to the sham stimulated  patients
(Hajak et al., 2003).

The third study that demonstrated the effectiveness
of rTMS in the treatment of the negative svmptoms of
schizophrenia is the work of Jin from 2005, The study
included 27 patients with marked negative schizo-
phrenic symptoms and the strmulation was performed
daily for two wesks bilaterally above the amea of the
dorsolateral prefrontal cortex using various stimulation
frequencies: 8—13 He (alpha frequency), 3 He, 20 He
or meffective “sham” stmulation. The theorstical hasis
of his study was the hypothesis that cerebral alpha
frequency (813 Hz), which can be detected wing an
EEG (electmencephalogrm), s associated with the
occwrrence and severty of the negative symptoms of
schizophrenia. The results confirmed this hypothesis
since rTMS of “alpha™ frequency (B—13 Hz) led to
mire a marked regression of the negtive symptoms
compared to other thempeutic modalities (fin et al,
2006).

However, two other double-blind studies using high-
frequency rTMS above the area of the left prefrontal
cotex did not prove its effectiveness in reducing
negtive symptoms of schizophrenia (Holi et al., 2004;
Movak et al., 2006).

The first is the work of Holi et al. (2004). This study
included 22 patients with chronic schizophrenia. It
concerned patients with a high intensity of schizophren-
i symptoms. Based on the results the anthors concluded
that the high-frequency rTMS above the left prefrontal
corex has a rather non-specific therapeutic effect rather
than a direct antipsvehotic effect in chronic patients with
schizophrenia,

The second is the Ceech work of Movak in which 16
patients completed the study and wene included in the
fimal evalmtiom. Mo significant change of psychopa-
thology occurred in the real rTMS group during the
follow-up compared to the sham rTMS group, in which

there was a significant reduction of the positive and
affective symptoms and a non-significant reduction of
the negative symptoms (MNovak et al., 2006).

Apart from these studies, the effectivensss of the
stimulation of the prefrontal cortex using a high-
frequency rTMS has only been venfied in open studies,
which were considered by their authors to be pilot
projects (Cohen et al., 1999; Jandl et al., 2005; Sachdev
et al., 2005). Moreover, the number of included patients
was low, which further reduced their statistical
significance,

The results of our study confirm the previously pub-
lished conclusions that a high-frequency ©TMS applied
abowe the arsa of the left prefrontal cortex has the potential
to alleviate the severity of the negative symptoms of
schizophmrenia The marked reduction of nemtive symp-
toms found inour study is attnbuted inparticulr to the Gt
that the patients underwent 15 stimulation sessions, with
the exception of the pilot study of Sachdev (Sachdev etal,,
2005), the highest number of all the performed studies. It
appears that a combimation of high-frequency (min.
10 Hz), maximum imtensity of the stimulation acconding
tothe recommended safety procedure (e, 110% of motor
threshald) and a sufficient mumber of stimuldion sesions
(we consider at least 15 stmulaions s optimal) ane
factors, which may ensure the efficacy of 1TMS in this
indication. Studies that used lower stimulation values in
any pararneter did not achieve such a significnt effed m
lesening the negtive symptoms of schizophrenia ( Geller
et al, 1997; Femsod et al, 1998; Klan et al., 1999),
Studies with a high-frequency stimulations including upto
the total of 10 stimubtions achieve also alleviation of
nzgative symptoms, which s in some @ss statistically
significant, however, the change mte is lower than in the
case of our study inclading 15 stimulations (Cohen et al,
1999; Hajak et al., 2003; Jin et al., 2006; Rollnik et al,
2000; Sachder et al, 2005). The selected stimulation
imtensity will possibly be another enitical pammeter. The
motor threshold of T10G that we sdected was the highest
of all published studies. Although the study was performed
only with males and the expenence with a possible
different effect of rTMS on males and females s small, we
still assume that the results of this study cm, with some
caution, be generabized to the general population megand-
less of the sex.

OF course, our results must be viewed in the light of
a double-blind, placebo stimulation controlled study.
However, the number of patients included in the study
must also be considersd and the resultmg statistical
validity of the conclusions. OF the studies that
evaluated the effect of fTMS in neuropsyvchiatry and,
in particular, modification of the negtive symptoms of
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schizophrenia, the number of patients n our study s
one of the highest. However, it is nelatively low with
regard to statistical power. Due to the double-blind
design of the studv, we mimimized the possible
influence of the placebo effect, which s a part of any
treatment therapy including (TMS. More difficult to
evalute is the fact that all patients were hospitalized
during the stmulation therapy and were also subject to
peychotherapeutical and erpotherapentical procedures
associated with their stay in the psychiatry climic,
which would contribute to a higher actiation of
patients and subsequent possible disappeamnce of the
negative symploms. However, it must be stated that
hospitalization including participation in all department
activities alone does not lead to alleviaton of the
negmtive symptoms of schizophrenia in our patients, or
this possible alleviation is not as high as during the
concomitant application of rTMS. In addition, if we
admit that psychotherapeutical and erpothempentical
activities modified all patients alike, its influsnce was
minimized agin by the double-blind nature of our
study. The fact that the real fTMS caused a higher
reduction in the intensity of negative symptoms
compared to the sham rTMS, which was statistically
sigmificant, warmnts us to state that high-frequency
rTMS applied above the left prefontal cotex has
the direct potentiol to influsnce the seventy of the
negtive symptoms of schizophrenia which cammot be
attibuted to a placebo effect or other activities
pssociated with the peformance of this stimulation

It can be concluded that augmentation of antipsychotics
with a high-frequency stimulbtion of the keft prefontal
corex with 15 stimulation sessions was effedtive in re-
ducing the seventy of the negative symploms in patients
with schizophrenia.
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Tahle 1
Comparson af demographic deis of the groups treated with real and sham MMS
Real rThS Sham rTMS St tstical comprison®
Mean 0. Me=n 5D z P
Age (years) 3136 B3 36,46 10.74 115 025
Education {number of years) 1L72 9 1246 13 042 .47
Duration ol schophrenta (years ) 527 587 L NE H.BE 131 0.19
Deily dose of antipsychotics (in mg CHLA BLOL) 21773 21692 247.73 164.11 0.95 034

* Mam-Whiiney 1) Tes.

DOT of original anticle: 10,1006, schees 2007.06.019.
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Tahla 2

Mean soores of the MADRS, COES, PANSS SANS and SAPE scales belore and afier rTHS

Scale Beabore rTH3 Adier rTM 3 Sistisdical comparson®

Mle=n Al Mlemm R ALR Z F

MADRS 11.55 476 4.61 361 2.7 001
CDEs L9 138 0. (00 anm 005
Pasiive subscale PANSS H9 145 T.H2 L33 1.40 019
Megative suhacale PANES 21100 369 1500 4.8 280 001
Cemeral subscale PANSS 2864 518 2300 i 245 001
Tolal PAMNES 51.73 HA0 4582 .51 2K5 001
BANS 6127 1354 3191 14.78 293 LUER]
BAPS 218 30 1.73 K7 107 029

MADRS {Monigomery Asherg Depression Raimg Scale), CISS (The Calgary Depression Scale for Schirophrenia); PANSS (Positive and Megative
Syndrome Scale); SANS (Scale for the Amesnment of Negative Symploms ), SAPS (Scale for the Asesment of Pasilive Sympioms).
* Wiloomon Maiched Paimrs Ted: comperison of the scores heliore and afier rTMS.

Tahle 3

Mean soores of the MADRS, CDES, PANSS, SANS and SAPS scales before and afier /TMS m the group tresded with sham rTMS

Scale Beabore rTH3 Adier rTM 3 Siatisdical comparion®

Me=n Al Me=m 5D F4 P

MADRS 11.09 517 .00 iy 1.78 008
CDE% L35 194 0.3 L9 135 018
Pasiive subscale PANSS % v 1949 B34 L5 074 LUE L
Megative suhacale PANSS 21.82 5H3 2018 53 1.56 012
Total suhacale PANSS 336 633 2R64 4.50 285 LUER]
Tzl PAMES G100 13.10 ST 1026 258 001
BANS 5955 19.12 S521% 2124 2019 004
BAPS 2m 326 2.0 1M .18 LF.1

MADRS {Monlgomery A shery Depression Ratng Scale), CIES (The Calgary Depression Scale for Schisophrema); PANESS (Positive and Negative
Byndrome Scale); SANS (Scale for the Amesment of Negative Symploms ), SAPS (Scale for the Amesment of Pasilive Sympioms).
* Wilcomon Matched Pairs Tesl: comperison of the soores befone and afier rTMS.

Tahle 4
Comparsan of changes of ihe mean scores {(in percentage reduciion) af the MADRS, CDSS, PANSS, SANS and SA PS scales between the groups
tremted with real and sham TME

Szl Rzl rTHE Sham rTMS Stmiwtical comparton
Mean %) 0. Meam [3%) 0. F4 P
MADRS 56 0.36 11 0.26 279 00
CDESs L] .52 22 .40 0.69 049
Posilive subscale PANSS 3 L 3 0.20 022 052
Megative subacale PANSS - 017 7 0.15 286 001
Ceneral subacale PANSS 18 17 13 L) 066 051
Tokal PANES 20 013 10 L] 207 004
SANS 50 L1 }er) 13 0.17 325 0
SAPS 11 .35 T 0.3 003 a7

MADRS {Monlgomery-4shery Depression Rating Scale), COES (The Calgary Depression Scale for Schisophrema); PANSS (Positive and Negative
Syndrome Scale); SANS (Scale for the Amesment of Negative Symploms ), SAPS (Scale for the Asesment of Pasilive Sympioms).
* Mam-Whitney L) Test
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6.4 Detailni analyza ucinku repetitivni transkranidalni magnetické stimulace
na negativni priznaky schizofrenie: dvojité slepa studie

Komentar:

Tato studie navazuje na piedchozi uspéSnou studii. Za pouziti obdobnych stimulac¢nich
parametri byl rozsifen soubor pacientii (celkem jich bylo zatazeno 40), coz umoZznilo provést
i detailni analyzu u¢inku rTMS na negativni pifiznaky schizofrenie, jak uz napovida nazev
studie. Vyuzito pfi tom bylo $kaly SANS. I zde vedla aktivni rTMS k signifikantni redukci
zavaznosti negativnich pfiznakd méfeno celkovym skore Skaly SANS. V ramci detailnéjsi
analyzy umoznéné jednotlivymi doménami negativnich ptiznaki rozliSovanych skalou SANS
bylo zjisténo, ze aktivni rTMS dokazala ve srovnani se shamovou stimulaci signifikantné
redukovat negativni priznaky v doméné¢ Oplostély afekt (Affective flattening/blunting),
Abulie/apatie (Avolition/apathy), Anhedonie (Anhedonia) i Narusena pozornost (Impaired

attention). Jedind doména, u které nedoslo k vyznamnému ovlivnéni, byla Alogie (Alogia).

Ptikryl, Radovan — Ustohal, Libor — Pfikrylova Kucerova, Hana — Kasparek, Tomas —
Venclikova, Simona — Mayerové, Michaela — Ceskové, Eva. A detailed analysis of the effect
of repetitive transcranial magnetic stimulation on negative symptoms of schizophrenia: A
double-blind trial. Schizophrenia Research 2013; 149(1-3): 167-173.
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SANE

Ohjective: The alm of the study was to assess the effect of rTMS not only on the general severity of negative
schizophrenda symptoms, but also partculardy on their individual domains, such as affective flattening or
blunting. alogla, svoliton or apathy, anhedonia, and impaired atention

Merhods: Forty schizophrenic male patients on stable antipsychotic medication with prominent negative
aymptoms were induded in the study. They were dhided into two groups: 23 were treated with active and
17 with plaebe (TMS Both trestments were similar, but placebo rTMS was administered sing 2 purpese-
built sham codl Stimulaton was applied o the left dorsolateral prefrona) cortex (DLUPFC). The stmulstion
frequency was 10 Hz, stimulation intensity was 110% of the individwal motor threshold inensity. Each patient
recefvad 15 ITMS sessans on 15 consective warking days [five working days “on™ and two weskend days
“off* design). Each daily session consisted of 20 applications of 10-second duration with 30-second intervals
be twe en sequences. The patients and raters were blind to andition of s8mulstion treatment.

Remulrs: The active rTMS led to a stattstaally signdfiantly higher reduction of the Scale for the Asesment of
Negative Symptoms [5ANS) total score and of all domains of negative sympioms of schizophrenia After
Baonde mond adjustments for muln ple testing, the stanistical dgnificance disappe ared in aloga only

Conelusion: High-freque noy rTMS stimul atiomover the left DLPFC at a high st muwlation | ntensity with a sufficlent
number of applied stimulsting pulses may represent an effident augmentation of ani pychotics i alleviadng
the negative symptoms of schizophrends

L 2013 Elsevier B, All rights reserved.

1. Introducton

Negative symptoms and cognitive deficits are regarded as a part of
the core symptoms of schizophrenia. In some cases, especially in the
secondary negatve symptoms, their severity may be in some extent
improved by antpsychotics (Lecrubier et al, 2006). In most cases,
however, the negative symptoms remain resistant to the current
options of pgychopharmacology (Erhart et al, 2006). The absence of a
really effident treatment for negative symptoms appears therefore to
be a major problemn of schizophrenia treatment today. The presence of
negative schizophrenia symptoms is closely linked to thebad prognoss
and represents a potential source of significant stress Botors for the
patients’ family and caregivers [Bow-Thomas e al, 1999; Dickerson
et al, 1999; Milev et al., 2005). The sverity of the negative sym ptoms
of schizophrenia generally predicts aworse quality of life [Bow-Thomas
et al, 1999), worsned soda functioning [Dickerson et al., 1999),
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dismptions in interpersonal relations reduced work performance, and
a generdly worse effect of treatment in schizophrenia patients [(Milew
et al, 2005).

Brain stimulation technigues like repettive transcranial magnetic
stimulation [rTMS). transcranial direct current simulation andfor
tran=scranial random noise stimulation have been proved in schizo-
phrenia neurstimulation research. However there is only sufficient
experience with rTMS application in the treatment of auditory halld-
nations or negative symptoms of schizophrenia. Repetitive transcanial
magnetic simulaton (fTMS) is a2 neumstimulation method enabling
brain neuronal metabolism modulaton in a2 non-imasive way.
Although the specific effect of rTMS on neuro transmisgon isnot entrehy
clear, it has been proven repeatedly that high-frequency 1TMS (10 o
20 Hz) increases brain excitability and low-frequency 1TMS (1 Hz and
lowr) decreases it It has also been found that high-frequency 1TMS
applied over the left prefrontal cortex (PFC) increases brain perfusion,
and thus the metabolism of this region, whemras low-frequency 1TMS
has the opposite effect [Mahas et al., 1999). Animal models showed
that rTMS increasesthe density of N-methyl-p-aspartate [NMDA) recep-
tors as early as after a singe stimulation [Ragert ef al, 2003). It can
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therefore be speculated that high-frequency rTMSover PRCmay act asa
potental agonist of MM DA receptors | Kole et al, 1999). Following high-
frequency stimulaton, up-regulation of sertonin receptors [5-HT1A
and 5-HT2 subtypes) also ooours [Ben-Shachar et al., 1999, Animal
and human studies have shown that high-freguency TMS applied
over the left PFC modulates the release of dopamine in the mesolimbic
and meseetriatal brain pathways. A selective elevation in the dopamine
levels in the dorsal stiatum and the nuclens accumbens was found in
animal sudies (Taber and Fibiger, 1995), and in the caudate nucleus
and the left putamen in humans as well [Strafella et al, 2001; Jin et al,
2006)

Prefrontal hypometabolism, albered NMDA and sermotonin recep tor
functions are considered to be invoheed in the pathophysiology of
negative symptoms of schizophrenia. Them is a strong correlation
between prefrontal hypomet abolism and severity of negative symp toms
of schizophrenia [Andreasen et al, 1992). The positve impact of rTMS
on negative symptoms can be therefore seen in the ability to restore pre-
frontal hypometabolism and afect ghitamate and serotonin brin neum-
transmissionin a positive way (Kole et al, 1999; Dlabac-de Lange et al,
2010) Improvement of negative symptoms after rTMS is also possibly
caused by the activation of mesolimbic and mesostriatal dopaminergic
systemns [Staklla etal, 2001).

Although a number of double-blind studies proved a statistically
significant decrease in the intensity of the negative schizophrenia
symptoms when curent antipsychotic treatment was augmented
with rTMS, the actual clinical significance of this procedure is disputed
by a number of authors (Matheson et al, 2010). The =ame conclusion
was also essntially reached by two meta-analyses The first meta-
anakhysis reviewed eight double-blind studies and found that rTMS had
a mid to moderate [d = 0.58) eflect sze on alleviating the negative
symptoms of schizophrenia (Freitas o al, 2009). The other meta-
analysis evaluabed nine double-blind studies with more than two
hundred enrolled patients [ Dlabac-de Lange et al., 2010). When studies
with any high-frequency stimulation of the left PRC were evaluated, the
effect sze of the treatment was low [d = 043); when the analyss
included only studies with a 10 Hz frequency, the eflect size of the
treatment was intermediate (d = 063).

Published studies of the rTMS application in the treatment of
negative symptoms of schizophrenia are burdened with a number of
methodological issues and drawbacks, in both the simulation parame-
ters [the accuracy of the foms of the stimulating coil, the number of
stimulating pulses administered, the total number of stimulation ses-
sions, the conditions for blinding, etc) and the own evaluation of the
character of the negative symptoms. Mo study has presented a detailed
analysis of which domains of the negative symptoms are actually
influenced by rTMS. The main custers of negative symptoms incude
affective fattening or blunting, alogia, awlition or apathy, anhedonia,
and impaired attention [Andreasen, 1982). The mesults of the stdies
conducted only indicate a change in the general severity of negative
symptoms, without any detailed analysis of the influence of rTMS on
the particular items of negative symptoms. Only Bamr's study directly
reported no thempeutc effect of bilateral high-frequency rTMS on
negativwe schizophrenia symptoms subclazified as primary or defict
[eg. anhedonia and blunted affect) and secondary or nondefict
[e.g avolition ) symptoms (Barret al., 2012). This is surprising, espedally
since antipsychotics can also influence the individual domains of nega-
tive symptoms in diferent ways.Clozapine, forinstance, has been prov-
en to be most efiective in anhedonia (Buchanan et al, 1998), while
olanzapine influences all the negative symptoms except anhedonia
and social withdrawal [Tollefson etal, 1997,

The lack of a factor analysis of the effect of rTMS on the particular
clsters of negative schizophrenia symptoms led us to design a
double-blind, sham gimulation-controlled study. The main aim of the
study was to amess the efficacyof rTMS not only on the general severity
of the negatiw symptoms but also especally on their individual
domains, such as affective flattening or blunting, alogia, avoliton or

apathy, anhedonia, and impaired attention. We tested the hypothesis
of whether the active rTMS treatment is more effectivein the reduction
of overall sverity including particular clusters of the negative symp-
toms of schizophrenia compared to the placebo stmulation.

2. Methods
2.1. Participants

The evaluated group included male patients who were admitted
for schizophrenia to the Department of Psychiatry of the Faculty of
Medicine of Masaryk University and University Hospital in Bmo,
Czech Republic. Only those patients who fulfilled the criteria for
schizophrenia (F20) acconding to the International Classification of
Diseases, revision 10 (ICD-10), and diagnostic research criteria, whao
were stabilized for at least las 6 weeks on the same antipsychotics,
and who had significant negative symptoms without other psychiatric
comorbidities such as mood, amcdety, or personality disorders were
included in the sudy. Diagnosis was ascertained by two independent
experienced psychiatrists from the medical chart review and with the
Mini-Intemational Meuropsychiatric Imterview [MINI) [Sheehan et al.,
1998). The age of the enmlled patients anged from 18 to 60 years.
Patients whohad a neumlogical disease (incduding epilepsy or abnormal
EEG recond ), a cardiovascular, cerebmovascular, endocrinal, or systemic
autoimmune disease, psychoactive drug abuse including alcohol, or
acute risk of suicide at screening, or who had such a condition in the
past were not included in the study. Absence of pspchoactive drug
abuse was verified using the toxicology examination of urine forcanna-
biz, amphetamines, and opicids. Only those patients who signed an
informed consent form and who had mo contraindication for rTMS
werne included in the study. The study was approved by the local ethics
committee and complies with the requirements of the Decamtion of
Helsinki

22 Study design

All patients were randomly assigned to the adive and/or placebo
rTM5 groups based on a software randomly determining type of stim-
ulation treatment [active to placebo relation was 5:4). Both forms of
rTMS treatment were performed on workdays, Le. five times a week,
until fifteen procedures were completed [three weeks in total). The
patients remained on their prescibed antipsychotic medication during
the stimulation therapy. The severity of negative sym ptoms before and
after the simulaton treatment was evaluated using the Scale for the
Assesgment of Negative Symptoms [SANS) (Andreasen, 1982). The
SANS contains 30 particular items divided into 5 symptomatological
domains 1) affective flattening andfor blunting, 2} alogia, 3} avoliton
and for apathy, 4] anhedonia, and 5) impaired attention The severity
of the individual SANS itemswas assessed using siv grades of intensity:
0 — aleence, 1 — questionable, 2 — mild but definitely present, 3 —
moderate, 4 — marked, and 5 — severe. The severity of positive symp-
toms of schizophrenia before and after the treatment was evaluated
using the Scale for the Assssment of Positive Symptoms [SAPS)
[Andreasen, 19584). Potential affective sym ptomatology was evaluated
before and after the treatment using the Montgomeny-Asberg Depres-
sion Rating Scale [MADRS) and the Calgary Depression Scale for Schizo-
phrenia [(DS5) (Montgomery and Asberg, 1979; Addington et al.,
1990). The patients and raters were blind to condition of stimulation
treatment. The rTMS treatments were administered by experienced
staff who were aware of the patients" simulation condifons. The pa-
tients were advised that they would receive either active or the
placebo-controlled sham rTMS; however, the specifics regarding the
difference bebween the gimulations were not described. After stimula-
tion course patients were asked about their best guess of the treatment
they received.
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23, Active and placebo rTMS meatments

The rTMS proced ure wascommenced with the determination of the
individual patient’s motor threshold (MT) and the localization of the
stimulation site The MT was registered usng an electromyograp hy
[EMG) attached to the abductor pollicis brevis lat dx muscle. The MT
was defined as the lowest stimulation activity that caused at least five
maotor potentials with an amplitude of at least 50 mV in ten subseguent
single impulses. The proper stimulation was performed with the figure
eight stimulation coil over the left PRC (tangential to the midline) at a
point 5 cm anterior to the scalp position at which the MT had been
determined. The actual performance of rTMS was defined by the appli-
cation location (left dorsolateral prefrontal cortex: DLPRC), intensity of
magnetic stimulation in % of MT [110% of MT), stimulation frequency
[10 Hz ), number of trains [ 20), single tmin duration [10 =), intertain
interval (30 s), and total number of stimulation sessions [15). Thus in
each stimulation session 2000 TMS pulses were given, with a total of
30,000 pulses per treatment course. Placebo 1TMS stimulation was
similady administered but using a purpose-built sham coil that was
identical in appearance to the real coil and made the same noise but
did not deliver a substantial stimulus (Magstim Co. Ltd, UK) The dini-
cal status and technical data of the application including termperature of
the stimulation coil were observed throughout the whole application
The Magstim Super Rapid stimulation device was used for the rTMS
treatments, and EMG MedelecSynergy was used to evaluate the MT.

2.4, Statistical analysis

Statistical software from StatSoft, Inc. (2011), the STATISTICA (data
analysis softbware systern) version 10, was used for data analysis.
Owing to the normal distribution of scores (the Shapiro-Wilk W test
was used in testing for normality), the data were described and
processed using parametrical statistics. To com pare the overal] effect of
treatment over time for the 2 groups, we employed a set of multvarate
repeat measures of analyss of variance [AMOVA), with treatment as
the between-group factor and tme as the within-subject factor. Inde-
pendent t-test was used to compare the demographic and clinical char-
acteristics of the two groups, and the paired -test was used to evaluate

Assessed for eligibility
{N=84)

ongoing changes in the scales A post-hoc analyss was also performed
and the level of significance for all comelations was ad justed using the
Bonferroni ad justment.

3. Results
3.1. Characteristics of the evaluated group

The evaluated group inchided 45 right-handed male patients. Total
number of 86 patients was assessed for the eligibility of the study.
Excluded patients (M = 41) did not meet the inclusion criteria ([N =
27) or refused to participate (N = 14). Three patients dropped out
before the beginning of the rTMS series because they refused to partic-
ipate. Two more patients [one patient from each group) were exchided
after randomization during rTMS treat ments for the loss of cooperation
No adverse events wene ohserved during both forms of stmulation. For
an overview of the dlinical trial — see Fig. 1. Both groups did not differ
with respect to demographic and clinical characteristics — see Table 1.
The antipsychotic and mood stabilizing dmug profile for the active and
the placebo stimulation groups [(23/17), respectively, were as follows:
amisulprid 12, clozapine 01, cdozapine + lamotrigine 1,1, olanzapine
&4, olanzapine + amisulpride 2/1, olanzapine + haloperidol 10,
olanzapine + risperidone 01, paliperidone 01, quetiapine 1/1, risper-
idone 63, long acting inmjectable risperidone 14, risperidone +
aripiprazole 1/0 and ziprasdone 02 Therewasa higher but statisticalby
nonsignificant chlorpromazine equivalent dose in the placebo com-
pared to active gimulaton group (387 4+ 372 mg wersus 282 4
231 mg, Z = 1.24, p = 021). No difference in medication of benzodi-
azepines was found.

3.2 Characteristics of the clinical stohes of the active rTMS group

Tahle 2 shows the mean SANS, includingits five particular symptom
dimensions, SAPS, MADRS, and (D55 scores before and after activwe
rTMS. A statistically significant reduction of severity of the negative
and affective symptoms of schizophrenia oooumed in the active rTMS
group, indicated by reductions in the SAMNS, MADRS, and CDS5 scores.
A statigically significant reduction was also found in all five symptom

Excluded (N=41}
Not meeting
inclusion criteria
o (N=2T)

Randomisation (3:4)

Refused
participate (MN=14)

Allocated 1o the active Allocated to the placebo
rTMS treatment (N=25) rTMS treatment (N=20)
Received allocated Received allocated
intervention (N=24) intervention (N=18)

Did not receive allocated Did not receive allocated
imervention (N=1) intervention (N=2)
Reason: patient refasad to Reason: patient refased to
participate participate

Analyzed (N =13) Analyzed (N = 17}
Exclsded from analysis Excluded from analysis
(=1} (N=I)

Patient did not receive Patient did not receive
allocated intervention allncated intervention

Fig. 1. Bowchat.
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Table 1
Compariszon of demographic and dinical dat of the groups treted with active and
plebo rTME.

Active ITME Flacebo rTME  Statishical
group group amalysis

H 3 17

Demogmephic dain

Age (years, mean, std dew.) B0+ 804 3384+ 988 NES

Education | years, mean, std dew) 1243+ 206 1244+ 1497 HE"

Dwration of schiophrenia [ years, 491 + 508 589 + 753 H&®
mezan, sl dew )

Diggnes= (KD-10)

Paranaid schizophrenia 0 15 HE"

Hehephrenic schizophrenia 1 1 NED

Simplex schizophrenia 2 1 HiP

First genetation antips ychotics 3 il [ NER
[wes/na)

Semond generation antipgpchotics 2211 160 Hi®
[wesina)

Antichalinergics (yesha) [ife2} aazr HE®

Mood stahi lirers [yes/no) 122 116 NED

Combinations [yes/na) 5118 314 HEh

Chlorpromazine squivalent dose ZE296 4 X338 3719 4 ZT251 NE*
{me=an, std dew. )

Besrline prychopathology

SANS total (mean, sul_dew) G835+ 1418 5906+ 1582 NA*

SANE affective futtening/blunting 2391 + 524 1835 + 851 NE®
{muzan, st dew_ )

SANE alogia (meam, st dev.) 222 44l 565 +4% H&®

SANE avolitionapathy [mean s, 1183 + 342 1024 4+ 406  NE*
dew)

SANSanhedonia (mean, s dev) 1522+ 433 1871 4+£337 HNE*

SANS impaired #tention (mean, 917 + 257 912+ 2H NEX
st dew.)

SAPE toa] [ mean, std dew) HES 4 247 913 + 298 NE®

MADES total (mean, std. dev.) 1217 + 408 1100+ 458 NE*

(DA total [mean, std. dew.) 0&r +£1.39 118 + 1594 HE*

SANE = Sl for the Azsesment of Negative Sympioms; SAPS = Sale for the Axsessment
aof Positive Sympioms; MADRS — Montgomery-Asherg Depression Rating Srale; (855 -
The Calgary Depression Sale for Schizophrenia.

* Independent ttest

B Chi-squaTe-test

domains of the SANS score. With the exception of COS5 scores differ-
ences remained statistically significant even after Bonferroni adjust-
ments for multiple testing [ see Table 2 ). With the exception of one all
patients determined the right type of stimulation treatrment

Table 2
Mean SANS, induding its five partion L symptom dimensions, SAFS, MADRS, and (D55
seores before and after active rTME.

Lal Before fTME After rTME Satistial
mmpaEon

Mean A0 Mean 3Dt P
SANE [total smre) GETS 1418 ¥IF N1 748 <0in®
SAMS [affective fatening/bhnting) 2191 524 1383 A23 G35 <"
SANE [alogia) 272 A 487 136 4T3 <0in®
SANE [avalition apathy) &3 142 65 37T 18 nm®
SAMNE [anhedania) 1522 433 896 G09 S48 <"
SAMNE [impared atention) 917 257 S04 135 S84 0"
SAPS [total smre) HES 247 921 254 189 028
MADRS | total scare) 1217 408 544 32T A3 <0t
DA [oal scare) 0% 13 008 021 212 <0l

SANE = Sl for the Azsesment of Negative Sympioms; SAPS = Sale for the Axsessment
of Positiwe Sympoms; MADES = Momtgomery-Asherg Depre=sion Rating Srale; (55 -
The Calgary Depression Sale for Schizophrenia.

* Padred t-gest.

b Sraistical signifi@ne observed dfier Bonfermoni adjustments for multiple esting,

3.3. Characteristics of the clinical stohes of the placebo rTMS group

Tahble 3 shows the mean SANS, includingits five particular symptom
dimensons, SAPS, MADRS, and CDSS scores before and after placebo
rTMS. A statistically significant reduction of severity of aflective symp-
toms ooourred in the placebo rTMS group, indicated by a reduction in
the MADRS total scoree Mo change in the SAPS and (D55 total scores
was ohserved. The intensity of the negative symp toms of schizophrenia
did not statistically significant by change in the SANS total score norinits
five symptom dimensions [ se Table 3). Only two patients were per-
suaded to be treated with placebo simulation, the rest of them thought
to be really stimulated.

3.4. Direct comparison of efficocy berween active and placebo rTMS
tea@ments on negotive sympioms of schizophrenia in totol and on
particulor symprom domdins

Com pared to the placebo rTMS, the active ITMS caused a statistically
significantly higher reduction of the total SAMS score and of all the
domains of negative symptoms of schizophrenia. Multivariate repeat
measures analyss of variance [ANOVA), with treatment as the
between-group factor and time as the within-subject factor revealed
significant main effect on total SANS score (F = 20094; p < 0L01), affec-
tive flatteningbluntng SANS subscore [F = 1810; p < 0.01), alogia
SANS subscore (F = 5.63; p = 002), avolition/apathy SANS subscore
[F = 1417; p = 001}, anhedonia SANS subscore (F = 8.18; p = 0u01)
and impaired attention SAMS subscore [ F = 9.59; p < 0.01). However
after Bonferroni adjustments [p < 0U0E) for multiple testing, the statis-
tical significance dizappeared inalogia (see Table 4).

35 Assocohons between the reduction of negobive sympitoms of
schizophrenia and clinical and demogrophic variahles

There were no statistcally significant correlations between the
reduction of negative symptoms and cinical [baseline severity of
negative and affective symptoms) and demographic [ age, education,
duration of schizophrenia daily dosage of ant psychoticsin chlorprom-
azine equivalents) variables in the active and placebo rTMS groups
[Pearson correlation).

4. Discuss ion

There are two aspects that we regand as the main contributions of
this trial: 1) with the exception of Barr's study [Barr et al., 2012), this
is the first study to foms on the change in the severity of the negative
symptoms of schizophrenia during rTMS treatment as well as on the
spedfic impact of high-frequency stimulation over the region of the
left PEC on the individual dimensions of negative schizophrenia
symptoms; 2} patients under the conditions of a double-blind trial,
contmlled using a sham coil, received 30,000 stimulating pulses in
the course of the stimulation treatment, which is the highest number
of pulses administered over one brain hemisphere in rTMS treatment
of negative symptoms of schizophrenia

In planning the study, we drewon findings from published papers,
including our previous study, which was the frst to use 15 stimulation
sessions in three weeks at ahigh simulation intensity defined as 1102
of individual MT [Prikryl et al, 2007). It is apparent from fin's study in
particular, that the stimulation frequency should mowe within the
alpha frequency range of §-13 Hz, as patients with schizophrenia
show reduced alpha activity [both spectral performance and coherence )
under resting conditions and during sensory or cognitive stimulation
[Hoffman et al., 1991; Jin et al, 2006). This finding is closely melated to
the conclusion of the meta-analysis that when studies with any high-
frequency stimulation of the left PRC were assessed, the effect size of
the treatment was low [(d = 043), and when the analysis inchided
only sudies with a 10-Hz frequency, the effect size of the treatment
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Table 3

Mean SAMNE, including it five partiou bl symptom dimensions, SAPS MADES, and (D55 scores bedore and after placeho rTME
Sale Before rIMS After 1TMS Statistical comparison®

Mean S0 Mean £ t P

SAMNE [total score) 2806 1582 5353 1860 1494 ooz
SANE [affective fatteningbhnting) 1835 251 17.42 240 a7a o4y
SANE [alogia) 565 439 477 317 1.20 azs
SANE [avalition apathy) 124 406 EEL ELH 1.23 022
SAMNE [anhedania) 157 337 12494 483 142 am
SANE [impaired attemtion) 212 g 206 in 158 a1z
SAPS [total smre) 213 298 iz 286 1.73 X
MADEE (ol scare) 11.00 458 a1z 353 257 iz
CIEE [totl saore) 118 184 i 148 133 X

SAMNE = Sale for the Assessment of Negative Sympioms; SAPS = Sale forthe Azsessment of Positive Sympioms; MADES = Montgomery-Asherg Depression Rating Sale; (D8 =

The Calgary Depression Sale for Schimphremia.
* Paired toest

increased to an intermediate ange (d = 063) (Dlabac-de Lange ot al,
2010).

For blinding conditions sham coil was used. In studies of the rTMS
application in the treatment of negative symptoms of schizophrenia,
this manner of blinding ooours in a minority of cases. Most sdies
lean a real ooil so that it forms a90 degree angle with the head surface,
thus precluding actual stimulation [t cannot be ruled out that the man-
ner of blinding caused the varied results of the previous trials. Although
the useof asham coil does resolve some of the aspectsof blinding, it =tll
cannot be regamded as optimal, particulady due to the lack of tactile
accompaniment during stimulation using the sham cooil Under the
conditons of our trial the physician operating the rTMS machine did
not meet the physicdan who assessed the negative and affective symp-
toms of schizophrenia in the enrolled patients. The study coordinator
was present throughout the study procedures, incuding the assess-
ment of psychopathology, where the coordinator directly supervised
the evaluating physician to ensure that the patents were not asked
how they felt about the rTMS treatment. We believe that due to the
relatively strict blinding method including the use of sham coil, our
study meets the conditions defined in 2009 with the support of the
National Institute of Mental Health [NIMH), regamding the optimization
of rTMS for the treatment of depression. These conditions are quite ex-
ceptional as they include a new blinding method in which the person
who is acguainted with the method of stimulation does not come into
contact with the patent or the evaluator of the dinical condition
[Arana et al, 2008; Borckardt et al, 2008).

It is quite clear from the results of our study that high-frequency
10 Hz stimulation over the left DLPRC results in a statistically signifi-
cantly higher reduction in the negative symptoms of schizophrenia
than the placebo simulation The course analyses, moreover, show
that while active rTM5 leads to a statistically significant drop in the
negative symptoms, no statistical difierence was found in the placebo

Table 4
Comparison of changes | in penentage raduction | of the mean SANS smre and its five
sympiom domains between the groups treated with real and sham rTME.

il Real Sham Shatistial
TS TTME mmparison®
Mem (1) 30 Man(i) 500 F ]
SAME (total scare) ek 4 2584 afEL 1741 294 <om”
SANS (affective fatening'  £207% e L] SOGT XR34 O1E10 0"
bhunting)
SAMNE (alogia) 3754y 4161 anfs 4263 563 002
SANS (avoliion apathy)  S446% EL¥-i| SATL  ITEE 1417 <0m®
SAME (anhedonia) 41.5r% s TATE  Iis4 218 0"
SAME (impaired agtention) 45.57% nE 312 A% -0m°

SAMNE = Scale for the Assessment of Negative Srmptoms.

* Multivariaze repeat mezures analysis of vananoe [ANOVA ] with treatment as the
between-group facior and time as the within-subjec: Goor.

b Statistical signifiane obseved dfier Bonferoni adjustmens for muktiple esting.

stimulation. These results are in accordance with trials that found a
positive impact of rTMS on the negative symptoms of schizophrenia
[Rollnik et al, 2000; Hajak et al., 2004; Sachdev et al., 2005; Jin
et al, 2006; Goyal et al, 2007; Prikryl et al, 2007; Schneider et al.,
2008) and with the conclusions of published meta-analyses [Freitas
et al., 2009; Dlabac-de lange e al, 2010). A common connecting
feature of these works isthe selected 10 Hz simulating frequency, a
high stimulation intensity (110 to 120% of individual MT), and a
high number of applied stimulating pulses.

Our paper is the first rTMS trial ever tonot only foous on changes
in the genemal severity of the negative symptoms of schizophrenia,
but also analyze in detail the impact of simulation on the individual
symptomatolegic al domains of the negat ive symptom s of schizophrenia.
We used the SANS ale [Andreasen, 1982) to define the symptomato-
logical domains of negative schizophrenia symptoms, as its proven
validity and reliahility define symptoms such as affective flattening or
blunting, alogia, avolition or apathy, anhedonia and impaired attention
The results showed that while active rTMS leads to a statistically sgnif
icant drop in all these itemns, placebo 'TMS had no sgnificant impact on
any of therm. A mutual comparison of active and placebo 1TMS treat-
ments proved a statistcally significant impact of high-frequency stimu-
lation on all the symptom dimensions of the negtive symptoms with
the exception of alogia, which lost statistical significance after a
Bonferroni adjustment for multiple testing The results imply that
high-frequency rTMS over the left DLPFC has a relatively wide effect
on a number of negative symptoms, which can perhaps be attributed
to the mechanism of the action of simulation on the restoration of
neuronal activity and on the action at the level of neurotransmitters or
receptors. The strong effect of rTMS on emotional functioning like affec-
tive fattening/blunting was found They are considered as primary or
deficit symptoms that specifically refer to those negative symptoms
that are present as enduring traits. Stmulation over the left DLPFC can
perhaps boost connectivity between PFC and amygdala that is tenuous
in schizophrenia (Salzman and Fusi, 2010). The lower effect of rTMS
on dlogia corresponds with the position held by speech disorders in
the pathophysiology of shizophrenia. Impairment of communication
[alogia) represents a poverty of speech; the patient speaks little or the
speech is poor in terms of content. This feature was included among
first-rank =chizophrenia symptoms by Bleuler [Andreasen, 1997)

Owr trial using progressive stimulation parameters, proved that
high-frequency 10 Hz riMS over the left DLPRC may lead toa relatively
significant drop in the negative symptoms of schizophrenia. While
active 1TMS led to an approcimately 40% reduction in the negative
schizophrenia symptoms on average, the effect of the placebo rTMS
wasonly a singe digit. Although it is relatively difficult to express one-
self on the dinical significance of these results, the detected difference
can be regarded as remarkable. Even though the effect of rTMS on the
negative symptoms is assessed as mild to moderate (d = 043 to 0UGE)
in the meta-analyses, it should be borne in mind in this context that
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the efiect of antipsychotics on the negative symptoms is even lower
when compared to rTMS, moving within the range from 017 to 021
[Leucht et al, 2009).

Our trial alko evaluated the presence and change of the affective
symptoms. The low CO5S score shows evidence of the absence of the
depressive syndrome within the framework of the negative symptoms
of schizophrenia. Whereas only active rTMS led to a statistically signif-
icant change in the (D55 score, both of them decreased the MADRS
soore ina statistically significant way. The MADRS score, in combination
with the low CDS5 score, eflects the presence of non-spedfic, very
probably secondary depressive symptomatoogy. Its nature is also
evidenced by the fact that it was relieved by the placebo stimulation
aswell.

Despite the efforts for a rigorous trial design, we are aware of
dmawhacks in our work. These include in our opinion especially the
forus of the stimulating ool over the head surface. While rTMS studies
aimed atthe treatment of aud itory halicinations or tinnitus have most by
uaed Frameless stereotac tic navigation in order to accurately focus on the
target stimulation area, treatment of negative symptoms has used the
classic method for positioning the stimulation coil. However, Herwig
showed that this method is inaccurate for PRC lecalization Comparing
the classic positioning and positioning controlled by magnetic reso-
nance, inonly 7 out of 22 patients stimulation coil was in the right posi-
ton over the area of the PFC (Herwig et al, 2001). Furthermore, the
distance between the stimulation coil and surfce of the cerebral cortex
canalso play an important role in rTMS efficacy (Spicer et al, 2001). Ac-
tually, in a study on patients owver 55 years old where the simulation
dose was adjusted by the distance between the coil and the corte, a bet-
ter therapeutic effect was reached [Mahas et al., 1999). This is espedially
important for sudies imeolving patients with negative symptoms be-
cause, particulady, lower volumes of the frontal lobes are repeatedly
found in those patients in contrast to healthy volunteers [Sanfilipo et
al, 2000). Even if our study did not compare the efficacy of low versus
high frequency fTMS evaluating such comparison would provide a
stronger evidence in favor of using high frequency rTMS in the treatment
of negative schizophrenia symptoms in the future. However the major
limitation of our study is an abhsence of follow-up data

In conclusion, we can summarize that high-frequency 10 Hz rTMS
stimulation ower the left DIPFC at a high stimulation intensity and a
sufficient number of applied gimulating pulses may represent an
efficient augmentation of antipsychotics in the effort to alleviate the
neg@tive symptoms of schizophrenia. With the exception of alogia,
the therapeutic effect of rTMS appears to be effective on the majority
of the symptoms of the negative syndrome of schizop hrenia
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6.5 Repetitivni transkranidalni magneticka stimulace redukuje konzumaci
cigaret u schizofrennich pacientii

Komentar:

Tato studie se zabyva ovlivnénim velmi Casté komorbidity u pacienti se schizofrenii
pomoci rTMS. Touto komorbiditou je koufeni, respektive poruchy vznikajici uzivanim tabaku
(Skodlivé uzivani a syndrom zavislosti). Zhruba 60 az 90% pacientli se schizofrenii jsou
kuraci, coz je ptiblizn¢ dvakrat az tiikrat vice nez v bézné populaci (de Leon et Diaz, 2005;
Aubin et al., 2012). Neni divu, Ze se u pacientl se schizofrenii vyskytuji signifikantné ¢astéji i
fatalni nasledky koufeni (Ruther et al., 2014). Je rovnéz zndmo, Ze u pacientl se schizofrenii
je predpokladana doba doziti zhruba o 15 az 20 let kratsi nez v bézné populaci, pficemz se na
tomto faktu podileji zejména kardiovaskularni a respiracni poruchy (Ustohal et Ustohal, in
press). Vyznamnym rizikovym faktorem je pravé koutfeni (Ruther et al., 2014). Navic se jedna
o faktor, ktery je ovlivnitelny (Jeon et al., 2016). Krom¢ farmakoterapie (konkrétné
bupropionu, vareniklinu ¢i nikotinové substituce) a psychoterapie 1ze uzit i rTMS. Jeji pouziti
je zalozeno na poznatcich, ze tato metoda ovliviluje DLPFC, coz je oblast dilezitd pti
rozhodovani (desicion making) a také inhibi¢ni kontrole (inhibitory control), navic stimulace
pusobi uvolnéni dopaminu, coz napodobuje efekt koufeni; krome toho moduluje neuronélni
eXcitabilitu a miZe plsobit neuroadaptivné a ménit synaptickou plasticitu v systému odmény

(Fecteau et al., 2010; Feil et Zangen, 2010; Brody et Cook, 2011).

Nase studie se stala druhou publikovanou praci (po pilotni praci Winga et al. z roku 2012 na
patnacti pacientech), kterd se toto snazila dokazat u schizofrennich pacientt-kutrak. Zatazeno
do ni bylo celkem 35 pacientli se schizofrenii na stabilni antipsychotické medikaci, ktefi byli
nahodné rozdeéleni do dvou skupin. Prvni absolvovala aktivni rTMS cilenou na oblast levého
DLPFC, druha prodélala shamovou stimulaci. Stimula¢ni parametry byly nésledujici:
frekvence 10 Hz, intenzita 110% individudlniho RMT, pocet stimula¢nich sezeni 21, délka
trainu 10 sekund, délka intertrainu 30 sekund, pocet aplikovanych pulsi béhem sezeni 2000,
celkovy pocet pulsti béhem lécebné kiry 42000. Pacienti v obou skupinéch si vedli denik, do
kterého zaznamenavali pocet vykouienych cigaret. Na konci 1écby doslo k signifikantnimu
poklesu poc¢tu vykoufenych cigaret u pacient v aktivni skupiné o 12,93%, kdezto v shamové
se signifikantné¢ nezménil (doslo k jeho mirnému nartistu o 1,03%). Rozdil mezi aktivni a

shamovou stimulaci byl statisticky signifikantni a zGstal i po tfech tydnech od ukonceni
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stimulace (v aktivni skupiné byl oproti baseline dokonce jesté vétSi nez bezprostiedné po
ukonceni stimulace, pocet cigaret byl redukovan o 21,45%, kdezto v shamové skupiné byl

zvysen o0 0,17%).
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Inmodudion: High-frequency repetitive transcrandal magnetc stimulation [rTMS) over the left dorsolateral
prefrontal mrtex [DLPFC) seemed to deoease tobacco consumption and craving in miootine-depe ndent
people without paychistric disorder or otherwtse healthy people Even if the prevalene of cigarete
smoking in schizophrenia patients & high and estimated to be between 45% and B8E, this tach nique has
not been systematically studjed inthis indication in schizophrenia yer

The aim of the study: The aim of this study was to test the ability of high-frequency (10 Hz) rTMS over the
left DLPFC to decrease cigarette consumption in schizophrenia patients.

Methods: The study induded 35 male schizophrenia patients on stable antipsychotic medicaton The patients
were divided into two groups: the first [ 18 patients) were acively stimulsted and the second | 17 patients)
underwent sham |placebo) stmulation. The sham TMS was administered using a purpose-built sham coll
that was identical in appearance tothe real cod and made the same note but did not deliver asubstantial
stimulus. The rTME was admindstered at the soimulation parameters: location (left dorsolateral prefrontal
oorte: DLPFC), intensity of magmnetic stimulation in X of motor threshold [110%F), stmulstion frequency
{10 Hz), member of trains (20, single train duration {10 5), inter-train interval {30 5), and total number
of stimulation sessions (21). In each stimulation session, 2000 TMS pulies were given, with a total of
AZ000 pulses per trea tment course. Patlents noted the number of cligareties smoked inthe 7 days before
tre atment, duwring the whole stmulatontreatment (21 days ) and again for 2 7-day period after e atment.
Resulrs: Cigare the consumption was stat stically signdfican ty lower in the adtively stimulated patients than
in the sham rTMS group as ealy a5 the first week of stimulation. Mo statistically relevant comrelations
were fownd inthe changes of ongoing negative or depressive schizophrenda symptoms and the member of
chgare thes smaoked.

Canclusion: High-frequency rTMS over the left DLPFC has the ability to decrease the member of cigarees
smoked in schizophrenia patients.

Keywards:

Consumption

Daorsolaseral prefrontl aortbes
Schimphenia

Emaking

Stimu btion

L 2003 Bsevier Inc. All righits reserved.

1. Introduction may be seen in neurctAnsmitter atemtons [nicobnic, dopaminergic,
and perhaps even glitamanergic) of the brain systems in schizo phrenia
and =sorial risk factors. Smoking may be also a form of self-medication to

reduce the intensty of extrapyramidal adverse symptoms induced by

The prevalence of cigarette smoking in schizophrenia patients is
estimated between 45% and BBX exceeding almost four times that of

the nommal healthy population [Wing et al., 2012a,b). The explanation

Abbrevistions: ANOVA, amalysis of varance; (D55 Gilgary Depression Sale for
schizophreniz; DIFFC, dorsaolateral prefron@al mrex; EBG, electroencephal ography;
EMC, electromyography; KD-10. Inematonal Oxsifiation of Dissases, revision
10; MADRS, Montgomery and Asberg Depression Sale; MINL Mini-Intemnatianal
Meuropsychiatric Imberview; MT, motor threshold; PANES, Positve and Negative
Syndrome Scale; r'TMS, repetitive transaanial magnetic stimalation.
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(X7 8-58558 - seefrom matter © 2013 Eleevier Inc All rights reserved.
hepydxdai org 0L 1016/jpnpbp 2N 2100019

antipsychotic medication, such as neumleptic dysphoria, to alleviate
negative symptoms of schizophrenia, or to improve some pammeters
of cognitive impairment, such as attention or short-term memory
[Levander et al, 2007; Olincyet al, 1997 ; Wing et al, 2012ab). Further-
maore, schizophrenia patients extract a higher amount of nicotine per
cigarette, have higher blood nicotine metabolite levels, and become
more easily addicted to nicotine [(Olincy et al, 1997). A plausible
explanation may be found in the genetic abnormalities of nicotine
receptor structures in schizophmenia [(Wing et al, 2012ab ). Smoking
in schizophrenia could also be due to a shared genetic vulnerability

118



& Priked et ol | Progress in Mem-Prchephermemibgy & Biokgpio Bychisey 9] 2004) 20-25 )|

between nicotine dependence and schizophrenia [Chambers et al,
2001). Therefore, there is a lower rate of successful smoking cessation
in schizophrenia patients than in the non-psychiatic population
While up to 42% of the healthy population succeeds in smoking cessa-
tion, in schizophrenia patients from 100 to 27.2% only are successful
quitters (Lo et al., 2011; Wing et al, 2012ab).

Cument options for the treatment of nicotine addiction rely on the
combination of several modalities. These indlude nicotine replacement
thempy [nicotine patches or gums), varenicline (a nicotinic receptor
partial agonist), bupropion (an antidepreszant), and psychothermapeutic
appmaches. However, the treatm ent options for nicotine add iction can
hardly be considered optimal Schizophrenia patients have even fever
treatment optons for quitting smoking due to the possible exacerbation
of psychotic symptoms when non-nicotine phamacotherapy is ap plied.
Surprisingly some recent shudies have showed that varenicine is not
only effective for smoking cessation in schizophrenia and does not
produce exacerbations in psychotic symptoms [(Williams et al., 2012),
but that psychotic, depressive, and nicotine withdrawal symptoms can
beimproved during varenicline treatment (Pachas et al, 2012). Despite
this promising fact new innovative approaches are needed for treat-
ment of nicotine addiction. Neuromodulation technigues may be the
maost promising potential treatment options, repetiive transcranial
magnetic simulation (1TMS) or transcranial diredt cumrent gimulation
[tDCS) in particular [Fitzgerald and Daskalakis, 2008; Wing et al_, 2013).

However application of rTMS in the treatment of nicotine addichion
skl represents an innovative research experience in comparison to its
use in the treatment of depression, aud itory hallucinations, or negative
symptoms of schizophrenia High-frequency rTMS applied over the left
dorsolateral prefrontal cortex [DLFFC) reduced both nicotine craving
and consumption in nicotine-dependent people [(Amiaz e al., 2009;
Brody and Cook, 201 1; Eichhammer et al., 2003; Johann e al, 2003;
Li et al., 2013). It has been postulated that rTMS delivered to the
DLPFC affects craving/ad diction through its influence on decision mak-
ing (Fectean et al, 2010) and inhibitory control (Feil and Zangen,
2010} because risky decison making and difficulty with inhib itory con-
trol are traits commaon to people who suffer from addiction. In addition,
a possible mechanism for the effects in addiction of rTMS on frontal
brain regions is that this method enhances dopamine release in
mesooorticolimbic brain crouitry [ Feil and Zangen, 2010}, which could a-
leviate substance use urges by mimicking the dopamine release asscia-
ted with substance use and withd rawal, thereby diminishing the need
to take additional substances. Furthermore, given the ability of brain sim-
ulation to modulate cortical excitability, it has been hypothesized that
these stimulations result in neurnad aptations and changes in synaptic
plasticity in the brain reward system [Fecteau et al, 2010), which could
be relevant for the treatment of addiction [Brody and Cook, 2011). To
dateone published study al=o found a positive effect of rTMS on the tohac-
o craving reduction in schizophrenia [Wing et al, 2012ab).

Lack of experience of rTMS application in the treatment of nicotine
addiction in schizophrenia led us to design and perform the cument
study. The main aim was to evaluate the ability of high-freguency
[10 Hz) rTMS applied over the left DIPFC to reduce the number of
cigarettes smoked in schizophrenia patients. A secondary aim was
fomsed on the possible relationship between the reduction of ciga-
rette consumption and the change of negative or depressive symp-
toms of schizophrenia

2. Methods and materials
2.1, Participants

The evaluated group incduded male patients who were admitted
for schizophrenia to the Department of Pspchiatry of the Faculty of
Medicine of Mazaryk University and the University Hospital in Brno,
Czech Republic Only those patients who fulfilled the criteria for
schizophrenia (F20) according to the International Classification of

Diseases, revision 10 (ICD-10) and who were stabilized for at least
6 weeks on the same antipsychotics, and without other psychiatric
comorbidities, such as mood, anxiety, or personality disorders, were
included in the study. Diagnosis was ascertained by two independent
experienced psychiatrists from the medical chart review and with the
Mini-International Meuropsychiatric Interview [MINI) [Sheehan et al,
199E8). Only mild intensity of positive symptoms of schizophrenia
were allowed: a score of 22 or less on the sum of the & Positive and
Negative Syndrome Scale (PANSS) (Kay et al_, 1987 ) positive symptom
factor iterms [P1-F7 and G2 itemns ) and no more than 2 of the itemsof P1
[delusions), P3 [hallucnatory behavior), PG [suspiciousness) and &9
[ unusual thought content) had a score of 4 or higher. The age of the
enmlled patients ranged from 18 to 60 years and all of them smoked
atleast 10 cgarettes a day for the last 2 years. Patients who had cardio-
vascular, cerebrovasular, endocrinal, systemic autoimmune, or neum-
logical disease [inchiding epilepsy or abnormal EEG record), or who
abused a psychoactive drug, including alcohol, who had an acute risk
of suicide at sreening, or had such aconditionin the past were notin-
chuded inthe sudy. Absence of psychoactive drug abuse was verified by
a toxicology examination of urine for cannabis, amphetamines, and opi-
oids. Only those patients who signed an informed consent form and
who had no contraindication for 1TTMS were admitted to the study.
The study was approved by the local ethics committee and complies
with the requirements of the Decdaration of Helsinki

22 Study design

This study was a double-blind, randomized placebo-controlled
study. All patients were assigned to the active or sham [placebo)
rTMS groups by software mndomly determining thetype of stimula-
tion treatment [active to placebo ratio was 1:1). Both formms of rTMS
treatment were performed during three consequtive weeks to total
number of 15 completed procedures. The patients remained on their
prescribed antipsychotic medication during the stimulation therapy.
The severity of negative and depressive symptoms before and after
the stimulation treatment was evaluated using the Positive and Neg-
ative Syndrome Scale [PANSS), Montgomery and Asberg Depression
Scale (MADRS) and the Calgary Depression Scale for Schizophrenia
[CD5S) (Addington et al., 1994; Kay et al, 1987; Montgomery and
Asberg, 1979 ). Patents filled out forms prepared in advance to record
the number of cgarettes smoked during the 7 days before the treat-
ment started, throughout the stimulation treatment (e, 21 days), and
again for 7 days after the teatment as a follow-up ohservation, espe-
cially from the 14th to 215t day after the end of the simulation treat-
ment They were instructed not to restrict themsehves and to smoke as
they were inclined in terms of their habits and urges The patients and
raters were blind to condition of stimulation treatment. The rTMS treat-
ments were administered by experienced staff who were aware of
the patients’ stimulation conditions. The evaluations of the number of
cigarettes smoked, clinical status, and rTMS treatment type [ie acive
wersus placebo) were carried out in a double-blind design.

23, Active and sham rTMS meoments

The rTMS procedure commenced with the determination of the indi-
vidual patient’s resting motor threshold (MT] and the ecalization of the
stimulation site. The MT was registered using elecromyography [EMG)
attached tothe abductor pollics brevis lat de musde. The resting MT
was defined as the lowest stimulation activity that caused at least 5
maotor potentials with an amplitude of at least 50 mV in 10 subsequent
single impulses The proper stimulation was performed with a Agure-
eight stimulation coil over the left DLPRC (tangential to the midline) at
a point 5 cm anterior to the scalp position at which the resting MT
had been determined The zame type of stimulation coil was used
for resting MT detection and stimulation treatment. The rTMS was
administered at the stimulaton pammeters: location (left DLPRC),
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intensity of magnetic stimulation in ¥ of MT [110% of MT ), stimula-
tion frequency (10 Hz), number of trains (20), single train duration
[10 5], inter-train interval [ 30 s}, and total number of stimulation
sessions [21). Thus, in each stimulation session, 2000 TMS pulses
were given, with a total of 42,000 pulses per treatment course.
Sham rTMS was similarly administered using a purpose-built sham
coil that was identical in appeamance to the real coil and made the
same noise but did not deliver a substantal stimulus [Magstim Co.
Ltd., UK). The clinical status and technical data of the application,
including the temperature of the stimulation coil, were observed
throughout the whole application. The Magstim Super Rapid stimu-
lation device was used for the rTMS treatments, and EMG Medelec
Synergy was used to evaluate the MT.

2.4, Stagstical analysis

Statistical software from StatSoft Inc. (2011), the STATISTICA
[data analysis software system) version 10, was used for data analy-
sis, Dwing to the normal distribution of scores [the Shapim-Wilk W
test was used to test for normality), the data were described and
processed using pammetric statistics. To compare the overall effect
of treatment over time for the 2 gmups, repeated measures analysis
of variance [ANOVA) were performed on the number of cdgarettes
smoked with group [actve versus sham) as the between subject
factor and time as the within-subject factor, significance level set at
p = 0L05% An independent t-test was used to compare the demo-
graphics, the number of nicotine dgarettes consumed, and the dini-
cal characteristics of the two groups, and a paired t-test was used
to evaluate ongoing changes in the scales and number of nicotine
cigarettes smoked. The potential relationship between the ongoing
changesin the consumption of cdgarettes and negative and depres-
sive symptoms was assessed using the Pearson comelation.
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3. Results
3.1, Chararenistics of the evahated group

A total of 102 patients were assessed for eligibility. The group
selected for evaluation included 40 right-handed male patients.
The excluded patients [N = 62) did not meet inclusion criteria
[N = 45) or refused to patticipate (N = 17). Of the 40 selected
patients, 3 patients dropped out before beginning the rTMS series
because they mefused to participate and 2 patients [one patient
from each group) were excluded after randomization during rTMS
treatments: 1 for headache (active rTMS ) and 1 for failure to cooperate
[sham rTME). With the exception of 1 case of headache [completely
recovered with common analgesics), no adverse events were observed
during either form of stimulation. For an overview of the clinical trial,
see Fig. 1. There was no difference in number of cigarettes smoked per
day between the active and sham groups at haseline. The groups also
did not differ in terms of demographic or clinical characteristics; see
Table 1. The antpsychotic and mond-stabilizing drug profile for the
active and the placebo stimulation groups (1817 ), respectively, were
as follows: amisulpride 1,1, aripiprazole 1,2, clozapine 1/1, cozapine +
lamotrigine 1,0, haloperidol 10, olanzapine 4/3, olanzapine +
amisulpride 1/1, olanzapine 4 risperidone 1/1, guetiapine 1/3,
risperidone 3/2, risperidone + aripiprazole 1/0, ziprasidone 02
and zotepine 2/1. Mo difference in medication of benzodiazepines
was found

3.2 Micotne cigarette consumption: @ comparison between active and
sham rTMS groups

The decrease of dgarette usage was statistcally significant with
significant interaction between treatment type and cigarette usage

Assessed for eligibility
L : Excluded (M=62)
{N=102)
T Not meating
inclusion criteria
| Enrollment | o (N=i5)
! Refused to
Randomisation {1:1) participate (N=1T)

Allocated to the active
rTME treatment {N=200)
Received allocated
intervention (M=19)

Did not receive allocated
intervention (N=1)
Reason: patient refused to
|participate

l

Analyzed (N = 18)
Excluded from analysis
{N=1)

Patient did not receive
allocated intervention for
headache

Allocation

Analysis

Allocated to the sham
rTM5 treatment (M=20)
Received allocated
intervention (N=18)

Did not receive allocated
intervention (N=2)
Reason: patient refused to
participate

Analyzed (N=1T)
Excluded from analysis
(N=1})

Patient did not receive
allocated intervention
fior loss of cooperation

Fig. 1.Flowchat.
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Table 1
Camparison of d emaograp hic and clinial dat of the goups reated with acive and sham rIMS.
Active r'TMS group Sham rTME group Satctial analsis
H 18 17
Demegrephic data
Age [ years, men, std dev ) 140 + 656 3458 4+ 1066 ML
Education | years, mean, std dev.) 1200 + 159 1217 + 180 | Ly
Dhuration of schimphrenia (years, mean, sl dev) 1 4+ 338 4134+ 51 HE*®
Dizgnaees | KD-10)
Disorgamized s chimophrenia 1 2 | L
Simple = chizophreniz k| 2 | L
Comommitont merdiomtian
First generation antipsychatics | yes/na)) 117 a7 )
Semnd genetation amtipychotics (yes/no) 171 170 ) Ea
Amtichdinergios [yes/na) 018 w7 Hs*
Mood stahil 2z [yey/na) 1417 a7 HE"T
Combinations (yesna) M8 1,116 ML
Chiorpromazine equivalent dose | mean, std. dev) 2406 + 1773 2400 + 12852 Ws®
Mumber of micee ne gt smoked parday {memn, =l dew ) 1856 + GER 1906 + 854 iy
Durtion of nicotine cigerette smoking in yezrs (memn, sl dey ) 1342 + 151 1534+ 214 Ms*
Pesitive sulbmale FANES smre [mean, sol dew) A4+ 214 23+ 1.8 ME®
Negative subsale PANE sooe (mean, sd. dev) X614 4T2 HES 4 454 Ly
Generd submale PANEE soore (mean, sl dew) ITE + GDE 1924+ 533 e
Total PANSS soome | mean, sl dew) ALAT + 1084 G092 + 9596 Ly
MADES mtal {mean, std. dev) 1272 4+ 436 MLE2 + 353 ME®
CIES otal (meam, sl dew) 1038 + &2 114+ 1.5 HE*®
Pesitive sulbmale FANES smre [mean, sol dew) TE1 + 135 200+ 208 MA" active AIMS: MA™ placeho rTVE: HE™
Negative subsale PANE sooe (mean, sd. dev) 1661 + 572 1892 + 272 N_‘x'a.n:hwﬂHS:'p T ﬁi.crburM:NS.“'
Genetal subscle PAMNES smore [mean, 5ol dew) 2406 + 3 8 4 483 ] < (L™ 2ctive rTME p <™ plaosho rTMVE W
Total PANSS smore | mean, sl dev)) S8R+ 955 561 + 706 P = 00Y" ative rIMS: p < 001 placeho rTMES: NS
MADES total [ mean, st dev) 478 + ZEE .46 + 150 P < (N active /TMS: p < 0017 placha rTME: NS
CIES mtal (meam, st dev) =2 + 078 1M+ 1.51 ME" active AIMS: MA™ placebo rTVE: HE™

PARES: the Posithve and Megative Syndrome Scale; MADES: Momtgameny-Asbherg Depression Rating Sale; (I55: the (Gl gry Depre=sion Srale for Schizophremia.

* Independent taest
= (hi-squane-gest; pained t-iest.

**= Comparison of ongoing changes in sl | post-stimu Laton v haesline poychopath ology ).

in time [ p = 0.001 both for within subject changes in smoking and
smoking = treatment interaction); overall statistical significance of
between subjects’ effect of treatment was p = 0067

3.3. Nicotine cigare @ e consumphion in active rTMS group

Patients who underwent active rTMS smoked statistically signifi-
cantly fewer cgarettes as early as the second week of the stimulation
In the course of active rTMS, the total number of dgrettes smoked
decreased by 12.93% of the original number; see Table 2.
3.4. Nicotine cigare e consumpton in shan rTMS group

Mo statistically significant change in the number of cigamttes
smoked was found in the patients who undensent sham 1T MS.

Throughout sham M5, the total number of cgarettes smoked
increased by 1.03% compared to the initial state; see Table 3.

3.5, impactof changes in psychopathelogy on dearette consumptonduring
rTM S regiment

Meither the active nor sham rTMS group of schizophrenia patients
showed a statistically significant correlation between the change
[ ie., the initial score minus the final score divided by the initial score
of a particular subscale) in schizophrenic [ie. PANSS total score,
PANSS subscales of positwe, negative, and general psychopathology)
or depressive symptoms [(total scores in MADRS and CD55) and the
change in the number of cgarettes smoked throughout three weeks
of simulation treatment.

Table 2
Totalnumber of cigarettes smoked and their parcenage change i active 1S graop
Totl mumber of Percenage change companed Sat=tal omparison
cgareties smoked o the shie before rIME o the state hefoe rTME
(dayT to 0) (day-Tm 0)
Mean in Mean in. t P
Before rTME (day-7 o 0) 1855 G6GE - - = =
After 'TME (day= 1 to 7 of actie stimulatian) 1751 614 —44x L A oz
After rTMS (days 8 to 14 of active stimu kation)) 15494 533 — 1250 1613 383 =0
After 'TMS [days 15 to 21 of active stimu Lation)) 1441 524 —2136% 1937 am =0
After 'TME (days 1 to 21 of active stimu Lation)) 15495 S48 —12gxg 13280 478 =0
Fallowe-up (days 14 to 21 afer theend of simulation ) 1458 517 — 45 o i | A48 Ll ]

* Paired t-test.
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Table3
Total number of ciganetes smoked and their percen@ge changein sham rTME group.
Total number of dgaetes Percentage change Sratistical comparison
smaked compared tothe st before o the st before riMS
TTME -7 0 1) (day-T o @)
Mean 0. Mean s t P
Before 'TVE (day-T o @) 1906 264 - - - =
After 'TME [days 1 to 7 of sham sSmaulagion ) 1977 11.10 +183% iy —047 62
After TME [days & to 14 of sham ssmulation ) JLEE] 10LES + 1y 1896 —iL&0 056
After 'TME [days 15 to 21 of sham stmuliian) 1925 264 +100% 957 —035 a7z
After 'TME [days 1 to 21 of sham simulation ) 1961 1035 +103% 163 -5 062
Fallorw-up [days 14 to 21 afer theend of simulation ) 1935 958 +017% il —0L5 0%
* Paired t-test.
4. Discussion the study. However, no sex differences in the effects of rTMS have

The primary aim of our study was to determine the potential of high-
frequency (10 Hz) rTMS applied over the left DIPFC to reduce the
consumption of cigarettes in schizophrenia patients. Our results show
that active rTMS had a trend to reduce the consumption of cigarettes
inschizophrenia patients compared to sham rTMS. The numberof dga-
rettes smoked decreased by almost 13% in patients treated with active
rTMS during a three-week stimulation therapy and this reduction
reached a statistical significance level In contrast, the consumption
of cigarettes emained practically unchanged in patients treated with
sham rTM& Furthermare, the effect of rTMS on the reduction of the
number of cigarettes smoked was already observed after the frst
week of stimulation. This comesponds to a recent finding that the
anb-craving effect of rTMS appears after only one stimulation session
[Liet al, 2013). The follow-up observation after the end of rTMS treat-
ment proved that the positive effect of rTMS on the reduction of the
number of dgarettes smoked lasts at least three weeks after the end
of ITM&

The results are similar to the conclusions of previous study which
reported the positive effect of high-frequency rTMS on tobacoo craving
in schizophrenic patents (Wing et al, 2012ab). Our study howewver
measured nicotine consumption and had larger sample size (35 versus
15). The rTMS pamameters were aleo difierent While we stimulated
theleft DLPFC at 10 Hz frequency, Wing's study used bilateral prefrontal
stimulation at 20 Hz (Wing et al, 2012ab).

High-frequency rTMS over the left DLPRC has a repeatedly confirmed
antdepreszant effect [Dell'0sso e al, 2011) and also probably, with
some caution reganding to the last published schizophrenia trials con-
chisions, especially 10 Hz frequency simulation directed on the left
DLPRC, alleviates the severity of negative symptoms of schizophrenia
[Dlabac-de Lange et al., 2010; Freitas et al, 2009). While the effect of
rTMS on negative schizophrenia symptoms is independent of its effect
on the depressive symptoms in schizophrenia patients [Hajak et al.,
2004}, the anti-craving effect of rTMS has not yet been reseamched
in this sense. Our findings suggest the rTMS efficacy in reducing the
number of cigaret tes smoked is independent of its efect on the change
in either depresive or negative sym ptoms of schizophrenia Therefore,
we may conclude that the anti-<craving and ant-consumption effect of
high-frequency rTMS may be relatively specific and not only secondary
to 1TMS efficacy on schizophrenic symptoms. This comesponds well
with the positive effect of rTMS on nicotine craving in healthy persons
[Amiaz et al, 2009; Brody and Cook, 2011; Eichhammer et al, 2003;
Johann et al, 2003; Li et al., 2013). Similarfy, the concordant decrease
inthe number of dgarettes anoked in patentswith schizophrenia stim-
ulated at various frequencies [ 10 Hz and 20 Hz) may suggestother new-
robiokegical impacts of rTMS than that in the treatment of negative
symptoms of schizophrenia, inwhich the simulation at 20 Hz is consid-
ered to be less effective than 10 Hz [Dlabac-de Lange et al, 2010).

COur study hastwo main limitations. The Arst it is difficult to general-
ize our findings to the whole population as only men were included in

been described before (Matheson et al, 2010). Then we used only
self-evaluated guestionnaires to record the number of cgarettes
smoked, however no objective scales to measure tobacco craving
nor measures of breath carbon moncedde [(00) were employed.
While craving is often not assessed in clinical trials, the paticipants
in our studywere non-treatment seeking, so these scales would have
been good to have in addition to the number of cigarettes that were
being smoked.

In spite of the deficdencies, thisis the first sudy tying to evaluate the
anti-nicotine cigarette consumption effectof rTMS and its relation to the
change in negative or depressive symptoms in schizophrenia patients.
We may concude that high-freguency rTMS applied over the left
DLPFC has the potential to decrease the number of cgarettes smoked
in schizophrenia patients, an effect that lasts at least three weeks after
the end of rIMS treatment. The effect is independent of change in neg-
ative or depressive symptoms of schizophrenia
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6.6 Ma repetitivni transkranialni magneticka stimulace pozitivni efekt na
pracovni pamét’ a neurondlni aktivaci p¥i lécbé negativnich priznakii
schizofrenie?

Komentar:

Tato studie se zabyva efektem vysokofrekvencni rTMS na kognitivni funkce, konkrétn¢€ na
pracovni pamét, u pacientl se schizofrenii a také jeji schopnosti ptisobit neuronalni aktivaci

zaznamenatelnou zobrazovacimi metodami (konkrétné fMRI).

Do studie bylo zatazeno celkem 30 pacientd se schizofrenii na stabilni antipsychotické
medikaci, ktefi byli rozdéleni do dvou skupin. Prvni z nich (N=19) absolvovala aktivni rTMS,
druha (N=11) pak shamovou stimulaci. Stimula¢ni parametry byly nasledujici: stimulovali
jsme oblast levého DLPFC stimulac¢ni frekvenci 10 Hz a intenzitou 110% individudlniho
RMT, délka trainu byla 10 sekund, délka intertrainu 30 sekund, celkovy pocet pulsii béhem
sezeni 1500, stimulacnich sezeni bylo celkem 15 ve tfech tydnech (kazdy pracovni den
jedno). Kromé hodnoceni psychopatologie pomoci Skdly PANSS bylo u pacientii pted
stimulaci a po ni provedeno neuropsychologické vySetfeni s pouZzitim Testu slovni plynulosti

(Verbal fluency task — VFT) a také provedeno vysetieni fMRI.

Na konci studie doslo v aktivni skupiné k signifikantnimu zlepSeni vykonu ve VFT,
signifikantnimu poklesu zavaznosti psychopatologie v celkovém skore PANSS, negativni
subskale PANSS 1 vSeobecné subskdle PANSS. V shamové skupin€ doSlo rovnéz
k signifikantnimu zlepSeni vykonu ve VFT, dale k signifikantnimu poklesu zavaznosti
psychopatologie v celkovém skore PANSS (byt’ niz§imu neZ u aktivniho rTMS) a v§eobecné
subskale PANSS, nikoli vSak negativni subskdle PANSS. Pfi vzajemném porovnani obou
skupin nebyl rozdil ve zlepSeni vykonu ve VFT, oproti tomu byl signifikantni rozdil ve
sniZeni zavaznosti psychopatologie v celkovém skére PANSS a negativni subSkale PANSS ve
prospéch aktivni rTMS. Bé&hem kognitivniho ukolu ve fMRI doslo k aktivaci v oblasti
frontalniho cingula (Brodmanova oblast 24) a v levém DLPFC (Brodmanova oblast 9 a 46).

Nebyl vsak rozdil v jeji aktivaci pfed rTMS a po ni ani mezi skupinami.

Podafilo se tedy potvrdit, ze vysokofrekvencni rTMS levého DLPFC snizuje zavaznost
negativnich pfiznakl, neovlivituje vSak dle naSich vysledkil zdsadné pracovni pamét’ (zmény

ve VFT lze ptfikladat nejspiSe efektu zacviku vzhledem k tomu, Ze byl stejny v aktivni i
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shamové skuping€). Zaroven také rTMS dle naSich vysledkli vyznamné neovliviiuje Groven
aktivace neuronalnich siti. Toto je v souladu s pievazujici literaturou, i kdyz byla publikovana
metaanalyza Ctyf studii vyuzivajicich jiného zplsobu testovani pracovni paméti, kterd ukazala
prokognitivni efekt rTMS u pacientd se schizofrenii (Brunoni et Vanderhasselt, 2014). Velka
recentn¢ publikovand studie, do niz bylo zafazeno 156 pacientl se schizofrenii, vSak
neprokézala prokognitivni efekt aktivni rTMS ve srovnani se shamovou stimulaci, i kdyz byly
testovany rizné kognitivni domény, nejen pracovni pamét’ (Hasan et al., 2016a). Zminovana
doporuceni k terapeutickému vyuziti rTMS neuvadéji zadny komentat ohledné piipadné 1é¢by
kognitivniho deficitu u pacientli se schizofrenii pomoci této metody, stejné jako doporuceni

ceska (Lefaucheur et al., 2014; Ceskova et al. in Raboch et al., 2014).
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Abstract OBJECTIVE: The objective of the study was to find out whether, under the condi-

tions of a double-blind, placebo coil controlled study, high-frequency repetitive
transcranial magnetic stimulation {TMS) over the left prefrontal cortex will show
positive effects on working memory with simultaneous assessment of respective
changes in neuronal activation.

RESULTS: Stimulation treatment led to a reduction of seriousness of negative
schizophrenia symptoms in both comparative groups. However, mutual com-
parison of real (n=19) and sham (n=11) rTMS, respectively, has shown that the
effect of real rTMS was statistically significantly higher compared with placebo
stimulation. During stimulation treatment an improvement in working memory
performance was also found Mo statistically significant difference between the
real and placebo sham rTMS, respectively, was established. The rate of neuronal
activation did not change at all during rTMS treatment.

CONCLUSIONS: From clinical point of view rTMS seems to be a well-tolerated
neurostimulation method for treatment of negative schizophrenia symptoms with
favourable of impact on cognitive functions.

""" Tacite this articie: Neuroendscrinal Lett 2012; 33(11101-108
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INTRODUCTION

Repetitive transcranial magnetic stimulation (rTMS)
represents a promising therapeutic method for influ-
encing negative symptoms of schizophrenia, thanks to
its unmique ability to modulate the neuronal activity of
the cortical cerebral areas and neuronal spheres that
are included in the pathophysiology of schizophrenia,
both directly and indirectly by means of trans-synaptic
transfer (Prikryl et al. 20011ab). During treatment of
negative schizophrenia symptoms the high-frequency
(10Hz) rTMS over the left dorsolateral prefrontal
cortex { DLPFC) area has been proven to be particularly
useful (Dlabac ef al. 2010). The hypofunction of the left
DLPFC is simultaneously considered a neuronal corre-
late of several cognitive deficit domains in schizophre-
nia, e.g. working memory, verbal fluency and executive
functions (Lui ef al. 2010; Dusek ef al. 20011). While it is
known that high frequency rTMS over the left DLPFC
area is able to modify hypofrontality, its effect on cogni-
tive functions remains ambiguous (Guse ef al. 2010).

Therefore, during treatment of negative schizophre-
nia symptoms by means of high-frequency rTMS over
the left DLLPFC area, a question arises if, in addition to
the influence on negative symptoms, rTMS also shows
an effect on certain parameters of cognitive schizo-
phrenia deficit. The theoretical justification of such
efficacy may be particularly seen in the fact that the
negative symptoms and cognitive deficit share a series
of common characteristics. The relevance of negative
symptoms correlates positively with cognitive deficit
rate in patients with schizophrenia. Megative symp-
toms are considered by some authors to be a result of
the basic cognitive deficit. manifested on the level of
behavior (Carpenter ef al. 1988; Andreasen et al. 1997).
In addition, it seems that they may have a common or
at least similar pathogenesis. Actually, most of the func-
tional neuroimaging studies ascribe the etiopathogen-
esis of negative symptoms and cognitive schizophrenia
deficit, especially working memory, executive functions
or verbal fluency, to a disturbed left DLPFC function
(Callicott ef al. 2000}, and possibly that of the medial
prefrontal cortex {Delamilliere ef al. 2000). Also, a defi-
cit of dopaminergic newrotransmission in the prefrontal
cortex, which results in disruption of signal transfer due
to dysfunctional, up-regulated dopamine D receptors,
is considered a probable etiopathogenetic base of nega-
tive symptoms and cognitive schizophrenia symptoms
{(Weinberger et al. 1988; Abi-Dargham 2002).

It is therefore relatively surprising that there is very
little experience with the rTMS effect on cognitive func-
tions compared with negative schizophrenia symptoms
treatment. With the exception of the work of Mittrach,
who is the only one who primarily focused on cognitive
functions within the scope of rTMS tolerance assess-
ment during schizophrenia treatment (Mittrach ef al
2010), it is only possible to arise from partial results of
five studies whose principal objective was, however, to

verify rTMS efficacy in negative schizophrenia treat-
ment and in which cognitive functions were assessed
only within the scope of secondary tasks of those studies
(Cohen ef al. 1999; Rollnik ef al. 2000; Holi ef al. 2004;
Sachdev ef al. 2005; Movak ef al. 2006). In addition,
the principal objective of the research did not involve
procognitive rTMS effects but rather in an answer to
a question whether rTMS disrupts cognitive functions.
The only study dealing with the direct impact of r'TMS
on cognitive schizophrenia deficit was a study of Mohr
who, despite previous studies, did not primarily con-
centrate on the impact on schizophrenia symptoms but
only compared possible procognitive effects of rTMS
compared with efficacy of computer rehabilitation
of cognitive schizophrenia deficit (Mohr et al. 2008).
Studies aimed at the impact of high-frequency rTMS,
administered over the left DLPFC, on cognitive schizo-
phrenia deficits did not show a positive effect on cogni-
tive functions in most cases (Holi ef al. 2004; Sachdev et
al. 2005; Mohr et al. 2006; Novak ef al. 2006). An open,
pilot study found improvement of cognitive functions
during stimulation treatment, however, statistical sig-
nificance was only reached by delayed visual reproduc-
tion (Cohen ef al. 1999). On the other hand, a single
blind. placebo *sham™ controlled study found only a
trend toward reduction of cognitive deficit in cases of
real stimulation, but without any statistical difference
between real and inefficient sham stimulation {Rollnik
et al. 2000). A similar conclusion was also found by a
double blind study assessing primarily the effect of high
frequency r'TMS over the left DLPFC area on cognitive
functions. It did not detect any statistically significant
deterioration of cognitive performance during rTMS
treatment, on the contrary, in the patients treated with
real rTMS a trend toward improvement in performance
in executive functions, correlating with psychopathol-
ogy, was found (Mittrach ef al. 2010).

During treatment of negative schizophrenia symp-
toms by means of high frequency rTMS over the left
DLPFC area, positive effects of stimulation on dis-
turbed prefrontal cortex metabolism is considered to be
one of the possible mechanisms of action. However, the
performed studies have not found any such evidence.
Actually, a combination of functional newrcimaging
methods with r'TMS treatment of negative symptoms
has only been used in two studies. The first of them was
a small open study with six patients in whom cerebral
perfusion tested with the activation cognitive paradigm
using the Wisconsin card sorting test (WCST) and one-
photon emission computer tomography (SPECT) was
measured. Even if a statistically significant decrease in
seriousness of negative symptoms occurred, the clinical
effect of such a change was assessed as small and hypo-
frontality, demonstrated by means of SPECT, did not
change at all during treatment (Cohen et al. 1999). The
other work was a double blind study with a sham coil, in
which cerebral perfusion was also measured by means
of SPECT in order to be able to establish whether rTMS
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influences regional blood flow through the brain. In
patients treated with real rTMS more sizable decrease
in negative schizophrenia symptoms occurred in com-
parison with placebo stimulation, however, the SPECT
data analysis did not reveal any significant changes in
the regional cerebral perfusion connected with real or
placebo stimulation (Hajak ef al. 2004).

As far as the authors know, no double blind study
aimed at evaluation of high frequency rTMS over the
left DLPFC on cognitive schizophrenia deficit in com-
bination with functional magnetic resonance imaging
{fMRI) has been carried out. The principal objective of
the study was to find out whether, under conditions of
a double-blind, placebo coil controlled study, high fre-
quency rTMS over the left DLPFC would have a posi-
tive effect on working memory, as assessed by means of
the Verbal Fluency Test (VFT), an important parameter
of cognitive schizophrenia deficit with simultaneous
examination of the respective changes of neuronal acti-
vation by means of fMRI.

METHODS

Group paramefers

The evaluated group included 30 patients (males)
who were admitted to hospital, due to schizophrenia,
at the Psychiatric clinic of the Faculty of Medicine
of Masaryk University and Faculty Hospital in Brno,
Czech Republic. Only those patients who fulfilled the
criteria for schizophrenia (F20) according to the Inter-
national Classification of Diseases, revision 10 (ICD-
10) and diagnostic research criteria and who were
stabilized long-term (for at least & weeks) on antipsy-
chotics, with significant negative symptoms without
other psychiatric comorbidity such as mood, anxiety
or personality disorders and had no contraindications
to magnetic resonance examination were included in
the study. The diagnosis was verified by two indepen-
dent experienced psychiatrists. The age of the enrolled
patients ranged from 18 to 60 years. Patients who had
a neurological disease (including epilepsy or an abnor-
mal EEG record). cardiovascular, cerebrovascular,
endocrinal, systemic autoimmune disease, psychoac-
tive drug abuse including alcohol or acute risk of sui-
cide at screening or in the past were not included in the
study. Absence of psychoactive drug abuse was verified
using a toxicology examination of urine for cannabis,
amphetamines and opioids. Only those patients who
signed an informed consent document and who had no
contraindication for rTMS were included in the study.
The study was approved by the local ethics committee
and complies with the requirements of the Declaration
of Helsinki.

Study procedures and treatment design

The evaluated group was divided in two subgroups
using a random number generator. The first subgroup
(19 patients) received real rTMS and the second sub-
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group (11 patients) received sham rTMS. Both forms
of rTMS treatment were performed on workdays, e
5 times a week, until completion of 15 procedures.
Dwring the stimulation therapy, patients remained on
their prescribed antipsychotic medication. The working
memory performance was assessed by an experienced
neuropsychologist before and after rTMS treatment
using the VFT (letters N, K, P) (Prescott ef al. 2006).
The severity of psychopathological symptoms before
and after treatment was evaluated using the PANSS
scale (Positive and Negative Syndrome Scale) (Kay ef al.
1987). At the same times (before and after rTMS treat-
ment) patients underwent a fMRI investigation. The
evaluation of the psychopathology, working memory,
fMRI data processing and performance of rTMS were
mutually blinded.

Method of performance of rTMS

The rTMS treatment commenced with determination
of the patient’s motor threshold (MT) and localization
of the site of stimulation. Motor threshold is determined
using the electromyograph (EMG) in the musculus
abductor pollicis brevis 1. dx. Determination of MP is
defined as the lowest stimulation activity that causes
at least 5 motor potentials with an amplitude at least
50mV in 10 single impulses. The actual performance
of rTMS is defined by the location of application (left
dorsolateral prefrontal cortex), intensity of magnetic
stimulation in % of MP ({110% of MT}, stimulation fre-
quency (10Hz), duration of impulse series (10s), inter-
val between sequences (30 s5) and the total number of
applied stimuli (1 500). The clinical status and techni-
cal data of the application including temperature of the
stimulation coil were observed over the whole applica-
tion. The Magstim Super Rapid stimulation device was
used for rTMS, and EMG MedelecSynergy was used for
evaluation of the motor threshold. Sham stimuolation
was carried out in a similar manner by using a sham
coil system without induction of a magnetic field. The
sham procedure elicited no tactile sensation at the site
of stimulation and guaranteed that no substantial corti-
cal stimulation occurred.

Method of fMRI investipation: VFT activation fask

A silent phonemic verbal fluency task (VFT) was used
as a language paradigm. We used a block design, with
active tasks alternating with periods of rest. Active as
well as control blocks lasted 32 seconds. Five blocks
of each condition were performed. In the active block,
subjects silently generated as many words as possible,
beginning with one of the following letters, O, K. E N, L.
that had been presented to them visually through a data
projector during the whole active period. During the
rest periods (indicated by three asterisks ***") subjects
simply relaxed. After scanning, subjects were asked
whether they had performed the task successfully. All
subjects reported that they generated words for all pre-
sented letters.
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Method of fMRI investigation: acquisition parameters
Imaging was performed on a 1.5 T MR scanner (Sie-
mens Symphony — Erfangen, Germany) equipped with
a Numaris 4 System (MRease). Each subject underwent
the same fMRI examination twice — before and after
rTMS. The functional images were acquired using a
gradient echo, echoplannar (EPI) sequence with the fol-
lowing parameters: TR (scan repeat time) = 4520ms,
TE=40ms, FOV=220mm, flip angle 90°, matrix size
64 = 64, slice thickness 3.5mm, 32 transversal slices
per scan, 71 scans per each functional measurement
(7 scans per each block and one dummy scan at the
beginning of acquisition). High-resolution anatomical
T1-weighted images, which served as a matrix for the
functional imaging, were acquired using a 3D sequence
with the parameters: TR=1700ms, TE=3.96ms,
FOV=246 mm, flip angle 15°, resolution 256 x 256 resa-
mpled to 512 :x 512, slice thickness 1.17 mm, 160 sagittal
slices. The subjects were instructed to remain still while
in the scanner.

Method of fMRI data statistical analysis

The data was analyzed using SPM5 software (Func-
tional Imaging Laboratory, the Wellcome Department
of Imaging Neuroscience, Institute of Neurology at Uni-
versity College London, UK) running under Matlab 7.6
(Mathworks Inc., USA). The following pre-processing
was applied to each subject’s time series of fMRI scans:
realignment and unwarping of functional scans to cor-
rect for head movement; normalization to fit into a
standard anatomical space (MNI), and spatial smooth-
ing using a Gaussian filter with a FWHM of 8 mm. The
voxel size generated from the above acquisition param-
eters was resampled to 3x3x3mm. To determine the
brain regions that showed significant activation with
respect to active periods, a General Linear Model {GLM)
as implemented in the SPM5 was used. The experi-
mental stimulation time-course was convelved with a
canonical hemodynamic response function. A high-
pass filter with a cut-off at 1285 and an autoregressive
model to estimate serial correlations were used within
the GLM. The movement parameters obtained during
realipnment were used as nuisance variables (regressors
of no interest) in the design matrix. Statistical para-
metric maps with t-statistics were computed to assess
the effects of activation (BOLD signal increase) with
respect to the active condition. Corresponding contrast
files were carried out in the second-level analyses. We
used a random-effect analysis as implemented in the
SPMS5 to assess the effect of real rTMS. This was per-
formed using a flexible factorial design (ANOVA) with
three factors — subject, group, and condition. The group
factor indicated the presence to group with real or sham
rTMS. The condition factor indicated whether the
functional measurement was performed before or after
rTMS. These factors, interaction group x condition, and
the covariate (behavioral VFT) were used in the design
matrix. We were interested in the effect of interaction.

The results were assessed using cluster-level inference
at the p=0.05 level of significance, FWE corrected.

RESULTS
Characteristics of the evaluated group

The evaluated group induded in total 30 patients
{males). Toxicology examination of urine for cannabis,
amphetamines and opioids was negative in all patients.
All patients fulfilled the inclusion criteria for the study
and no contraindications for rTMS and fMRI were
found. All participants signed an informed consent
document for the study.

Demographic data of the real rTMS group

The real rTMS group included 19 patients (mean age
30.47 years; 5D=9.19) with education defined by the
number of years of compulsory education (mean 10.63
years; 5D=2.52) and mean duration of disease (4.05
years; SD=1.51). The mean daily dose of antipsychotics
was 328.95mg (SD=143.44) of chlorpromazine equiva-
lents (see Table 1).

Demographic data of the sham rTMS group

The sham rTMS group included 11 patients {mean
age 34.55 years; SD=10.57) with education defined by
the number of years of compulsory education {mean
11.09 years; 5D=1.51}) and mean duration of disease
(4.18 years; SD=1.89). The mean daily dose of antipsy-
chotics was 304.55 mg (50=140.01) of chlorpromazine
equivalents (see Table 1).

Comparison of demographic data of real and sham rTMS
2rOLPS

Mo statistically significant differences were found
between the demographic data of the two groups of
patients (see Table 1).

Characteristics of the working memory performance and
the clinical status of the real rTMS group

Table 2 shows the mean scores on the VFT and PANSS
before and after rTMS in the real TTMS group. A sta-
tistically significant increase in the mean VFT score
and statistically significant reduction of severity of the
negative, general and total symptoms of schizophrenia
occurred in the real rTMS group. The rate of positive
symptoms of schizophrenia remained unchanged (see
Table 2).

Characteristics of the working memory and the clinical
status of the sham rTMS group

Table 3 shows the mean scores of the VFT and PANSS
before and after rTMS in the sham rTMS group. A sta-
tistically significant increase in the mean VFT score and
statistically significant reduction of severity of general
and total symptoms of schizophrenia occurred in the
sham rTMS group. The intensity of the negative symp-
toms of schizophrenia was not statistically significantly
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reduced. The rate of positive symptoms of schizophre-
nia remained unchanged (see Table 3).

Comparison of the size of ongoing changes of the work-
ing memory and the clinical stafus between the real and
sham rTMS groups

Compared to sham rTMS, real rTMS caused a statis-
tically significantly higher reduction in the severity of
negative and total symptoms of schizophrenia. On the
other hand, no difference was found with respect to the
VFT, positive and common symptoms of schizophrenia
(see Table 4).

Comparison of the size of ongoing changes of the neuro-
nal activations between the real and sham rTMS groups
Figure 1 shows patterns of neuronal activations before
and after stimulation treatment in the real and sham
rTMS group. When VFT was burdened by the cogni-

Repetitive transcranial magnetic stimulation and neurcnal activation

tive paradigm, the neuronal areas of the frontal cin-
gulum were activated (Brodmann area 24) and the left
DLPFC cortex (Brodmann area 9 and 46). Mo statisti-
cally significant differences in the neuronal activation
size during rTMS treatment neither in real nor in sham
rTMS groups were found.

DISCUSSION

The objective of the study was to establish whether high
frequency rTMS, applied over the left DLPFC area,
shows, in addition to reduction in seriousness of nega-
tive schizophrenia symptoms, a potential to positively
modulate working memory capacity. Its advantage lies
in the fact that it does not concentrate on behavioral
data only, but also on possible changes in the neuronal
activation detected by means of fMRI using VFT as a
cognitive paradigm.

Tab. 1. Comparison of demographic data of the groups treated with real and sham rTMS.

Real rTMS Sham rTMS Statistical comparison®
Mean 5.D. Mean S.0. z p-value
Age (years) 30.47 Q.19 34.55 10.57 0.87 033
Education [mumber of years) 10,63 252 1.09 1.51 1.21 023
Dwration of schizophrenia iyears) 4,05 1.51 4.18 180 0.09 0.43
Daily dose of antipsychaotics (in mg CHLD EQL) 328395 143.44 304.55 140,01 037 072
* Mann-Whitney L Test
Tab. 2. Mean scores of the WFT and PANSE before and after rTMS in the real rTMS group.
Scale Before rTMS After rTMS Statistical comparison®
Mean s.D. Mean S.D. I p-value
WFT 37.95 14.54 44.68 14.78 2.96 001
Positive subscale PANSS 816 1.80 .79 127 135 0.8
Negative subscale PANSS 23.16 511 1626 579 372 001
General subscale PANSS 33.05 6,09 1684 5.69 3329 001
Total PANSS 6437 9.70 S0.89 14.78 370 001
* Wilcoxon Matched Pairs Test comparison of the scores before and after rTMS
VFT (Verbal Fluency Task), PANSS (Positive and Megative Syndrome Scale)
Tab. 3. Mean scores of the WFT and PANSS before and after rTMS in the sham rTMS group.
Scale Before rTMS After rTMS Statistical comparisen®
Mean 5.0 Mean 5.0, z p-value
VET 3782 968 43.82 1139 237 0.02
Positive subscale PANSS 509 1.9 837 238 037 079
Negative subscale PANSS 22109 4.18 21.36 4.08 0.94 0.34
General subscale PANSS 3327 465 30,00 4.31 2,60 0.01
Total PANSS 63.45 9.22 5063 B0 1.99 005

* Wilcoxon Matched Pairs Test: comparison of the scores before and after rTMS
VFT (Werbal Fluency Task), PANSS (Positive and Megative Syndrome Scale)
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Tab. 4. Comparison of changes of the mean scores (in percentage reduction) of tha VFT and PANSS between the groups treated with real

and sham rTMS.
Real rTMS Sham rTMS Statistical comparison®
Mean (%) 5.0, Mean (%] 5.0, F 4 p-value
VFT 21.80% 24.66 16.60% 19.44 026 0.BO
Paositive subscale PANSS -3.0%% 11.54 2.58% 16.01 —0.90 0.36
Megative subscale PANSS —30.25% 17.41 —2.66% 11.20 —3.483 0.
General subscale PANSS -17.49% 16.48 -9.47% 9.5 -1.68 009
Total PANSS -20.32% 1291 —5.56% 8.86 —-3.06 oo

* Mann-Whitney U Test

WFT (Verbal Fluency Task), PANSS (Positive and Negative Syndrome Scals)
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Fig. 1. Patterns of neuronal activations before and after stimulaticn
treatmient in the real and sham rTMS group.

Stimulation treatment led to a decrease in negative
schizophrenia symptoms in both groups. However, com-
parison of real and sham r'TMS revealed that the effect
of real rTMS was statically more significant in compari-
son to the placebo one. This result indicates a placebo
effect which accompanies rTMS in treatment of negative
symptoms. Therefore the results of open studies deal-
ing with impact on negative schizophrenia symptoms
should be assessed having this fact in mind. Our find-
ing also fully corresponds with condusions of published

meta-analyses which, based on placebo sham stimula-
tion controlled studies carried out so far, demonstrated a
moderate effect of rTMS in treatment of negative schizo-
phrenia symptoms (Freitas ef al. 2009; Dlabac et al. 2010).

Also, from the point of view of cognitive functions in
both groups. an improvement of working memory per-
formance, expressed by a statistically significant increase
in the average VFT score, occurred during stimulation
treatment. However, no statistically important differ-
ence between real and placebo sham rTMS was demon-
strated during mutual comparison. The results indicate
that the improvement of working memaory in both real
and placebo sham rTMS may be ascribed to the intern-
ship effect, which has been repetitively described for
the VFT test (Cunje ef al. 2007). That is, mutual com-
parisons have shown that high frequency rTMS over
the left DLPFC area does not have any potential to sig-
nificantly improve working memory performance. This
finding also corresponds with the conclusions of other
published studies which have not demonstrated a clear
procognitive effect in schizophrenia (Holi ef al. 2004;
Sachdev ef al. 2005; Mohr ef al. 2006; Movak ef al. 2006).
Despite the previous works, we focused exclusively on
working memory because its neuronal correlate was
exactly the left DLPFC, which was the primary target of
stimulation treatment.

The studies on healthy volunteers indicate an inter-
esting finding. Actually, the action of high frequency
rTMS over the left DLPFC led to a disruption of cogni-
tive performance in most studies. Exceptions are found
only in studies including young volunteers (Evers et al.
2001; Huang ef al. 2005). It is interesting that the age
factor also plays an important role in the intensity of the
anti-depressive effect of rTMS (Figiel ef al. 1998; Kozel
et al. 2000; Janicak ef al. 2002). The generally higher
effect of rTMS is probably induced by higher flexibility
and adaptability of the neuronal network in young indi-
viduals. Since only young patients were included in our
population {the average age of the patients treated with
real rTMS was 30 and that of the patients treated with
placebo sham rTMS was 34), it can be expected that
this fact contributed to the positive impact of rTMS on
working memory.
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Conclusions from studies dealing with rTMS impact
on cognitive functions in treatment of the depressive
disorder have mainly observed that high frequency
r'TMS, administered over the left DLPFC area, does not
lead to any disruption of cognitive functions. On the
contrary, a series of studies have shown improvement
of cognitive deficits during stimulation treatment. The
maost considerable effect was reached mainly in param-
eters of memory/executive functions, which means in
cognitive domains whose important neurobiological
correlate is exactly dysfunction of the prefrontal cortex.
The rate of change of cognitive functions in most stud-
ies has been connected with the extent of the anti-
depressive effects of rTMS (Little ef al. 200:0; O'Connor
ef al. 2005), but this is not a rule (Speer ef al. 2001). It
may be rather expected that the improvement of cog-
nitive deficit in depressive disorder is more linked to
remission of depressive symptomatology than to pos-
sible specific procognitive effects of rTMS.

Unlike the cognitive deficit, it seems that in cases of
depression, rTMS does not have sufficient potential to
influence cognitive schizophrenia deficits. An explana-
tion is probably seen in the different causes of cognitive
deficits in depressive disorder and in schizophrenia.
While in case of depressive disorder, cognitive deficit is
rather secondary and is, to a large extent, conditioned
by the basic symptoms of depressive syndrome, which
is particularly supported by its marked improvement
after depression subsides (Kucerovd ef al 2006). In
schizophrenia cognitive deficit is a basic, core manifes-
tation of the disease which does not subside with sub-
sidence of other schizophrenia symptoms (Green ef al.
1999; Keefe ef al. 2000; Gold ef al. 2004).

Owur findings in the area of functional neuroimaging
are also in accordance with those conclusions, which
have been mainly drawn on the basis of neuropsycho-
logical testing and respective clinical data. Even when,
the VFT was burdened by the cognitive paradigm, the
expected cerebral areas were activated (frontal cingu-
lum and the left DLPFC), neither real nor placebo sham
rTMS treatment led to significant changes of neuronal
activation. This finding supports our behavioral results
in the sense that the changes in working memory per-
formance are only caused by the internship effect and
that rTMS probably does not have real procognitive
potential for working memory parameters. Despite the
fact that it was not the area of our research, it may be
still expected that rTMS does not show the procogni-
tive effect on other parameters of cognitive schizophre-
nia deficit either (Mittrach ef al. 2010).

CONCLUSION

It can be concluded that we have not demonstrated any
positive impact of high frequency rTMS, administered
over the left DLPFC area, on working memory param-
eters and the respective changes of neuronal activation
detected by means of fMRI. However, we have con-
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firmed conclusions of previous works that considered
our selected stimulation parameters of rTMS effective
for treatment of negative schizophrenia symptoms
(Freitas ef al. 2009; Dlabac ef @l. 2010). From the clinical
position, rTMS seems to be a very well tolerated neuro-
stimulation method for treatment of negative schizo-
phrenia symptoms from the point of view of the effect
on cognitive functions.
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6.7 Kazuistika pacientky s obsedantné-kompulzivni poruchou a komorbidni
depresivni poruchou lécenych pomoci repetitivni transkranidalni magnetické
stimulace

Komentar:

Nasledujici pilotni studie zroku 2008 prezentuje snahu o Iécbu pacientky s OCD a
komorbidni depresivni poruchou pomoci nizkofrekven¢ni rTMS aplikované na oblast pravého
DLPFC. U této oblasti bylo pfedpokladano, ze mize byt idedlni pravé pro 1écbu pacientii jak
s OCD, tak i depresivni poruchou (byt’ v indikaci depresivni poruchy byla a dosud je Castéji
vyuzivana vysokofrekvenéni rTMS levého DLPFC). U naS$i pacientky doSlo po ctyitydenni
1¢6¢bé (celkem 20 sezeni) k vyznamnému zmirnéni depresivni poruchy, zatimco obsedantné
kompulzivni symptomatika byla zmirnéna jen nepatrné. Tento vysledek posléze potvrdily i
velké kontrolované studie, takze v doporucenich ke klinickému uzivani rTMS je uvedeno, ze
Vv lé¢be depresivni poruchy lze vyuzivat nizkofrekvenéni rTMS pravého DLPFC (sila dikazii
na Urovni B, tedy pravdépodobné G¢innd), kdezto pro 1écbu OCD nelze prozatim ucinit Zadny
zavér. Autofi doporuceni nalezli devét placebem kontrolovanych studii, do nichZ bylo
zafazeno alespoii deset pacientti s OCD, kterym byl aktivné stimulovan DLPFC. Ctyii z nich
mélo pozitivni vysledky, pét negativni. Autofi se na zaklad€ téchto rozporuplnych vysledka
ptiklanéji k ndzoru, ze rTMS cilend na oblast DLPFC se v ptipadé OCD neosvédcila, jako
arei (SMA) (Lefaucheur et al., 2014). Pro SMA (respektive pre-SMA) svédcila zejména
dvojité slepa, placebem kontrolovana studie publikovana v roce 2010 Mantovanim a jeho
spolupracovniky. Autofi do ni zafadili 21 pacientd s rezistentni OCD, které [écili
nizkofrekvencni rTMS aplikovanou po dobu ¢tyf tydni. Na konci studie byl jasny trend
favorizujici vyssi ucinnost aktivni stimulace oproti shamoveé, byt’ statisticky nesignifikantni
(pokles ve skale Y-BOCS o 25,4% vs. 12,0%) (Mantovani et al., 2010). Recentni studie, ktera
pouzila obdobné stimula¢ni parametry, avSak zafadila vy$$i pocet na lécbu rezistentnich
pacientll — celkem 40, vSak byla jednoznacné negativni. PocCet respondérti v aktivni skupiné
byl 10,5%, v shamové 20% (Pelissolo et al., 2016). Lze tedy uzavfit, ze zatimco se rTMS

osvédcila v 1€cbé depresivni poruchy, v 1é¢beé OCD je jeji misto stale nejisté.
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KAZUISTIKA PACIENTKY S OBSEDANTNE-
I(OMPULZW’NI' PORUCHOU A Ko!vlonmnui )
DEPRESIVNI PORUCHOU LECENYCH POMOCI

REPETITIVNI TRANSKRANIALNI

MAGNETICKE STIMULACE

MUDr. Libor Ustohal, doc. MUDr. Radovan Prlkryl, Ph.D.

Psychiatricka kliinika LF MU a FN Bmo

Obsedantné-kompulzivni porucha (OCD) je zavaZné psychické onemocnéni, ke je mnohdy terapeuticky obtizné ovilvnitelné. Mavic pe-
mérné vysoky podel pacientl s touto poruchou zéroven trpi komorbidni depresi. V poskednich letech se v EEbé OCD zkoudi | repetitivai
transkranilni magneticka stimulace (rTMS). Visledky téchio pokusd jsou zatim razporupiné a bylo jich provedeno prilis malo k posouzeni
efektivnost rTMS v této indikaci. Nase kezuistika popisuje aplikaci nizkofrekvenéni rTMS u pacientky dlouhodobé neuspéing lédend
pro OCD, u které byla zjidténa komorbidni deprese, Stimulaci jsme aplikovali na oblast pravého dorzolaterdlniho prefrontélniho kortexu
tak, aby dodlo k souéasnému oviiveéni OCD | depresivni symptomatiky. Na konci lééby dolo k nesignifikantnimu sniZni zavaz nosti pfi-
znaki OCD, u komorbidni deprese viak bylo dosaZno remise.

Paychiat. pro Praxi 2008; 9(6): 290291

Uvod

Obsadaniné -kompuzivni porucha (OCD) paffi
mezi zavaznd peychickd onemocnéni, ja2 mnohdy
vyrazné narssujl kvalit 2ivota pacienbl, ki jimi trpl.
Navic v lileratufe se wdéva, 22 nejménd tiyficet pro-
cent pacient) s OCD trpi komorbidni de presivil pon-
chou, kierd ddle jejich kvalitu 2vota zhorsue (B).

V BEbé e obvylde doponutuie kombinace famma-
koierapie (piedevaim wyisich dawek anticeprsiv 22
Skupiny inhibson) zpétného wyohytdvani sarotoniny)
& psychoerapie (zejména psychoterapie kognitiv-
né-behaviordini). Plesto zistivd nezanodbakeing
procenty pacientl, u nich? talo ferapie nepfinese
destaledéng ziepSenl stavu, proto se hiedaji i dalsl
moznosti Bdby. Jednu z nich pledsiavuie | repefitivn]
transkranidinl magneticka stmulacs (TMS), kierd sa
obvykie 0B na vysckofrebvencni (s frkvancl w3l
ne 1 Hz, zpravidka mezi 10 a 20 Hz) a nizkofrkventnl
(s frekvencl 1 He a méng). Mechanizmus OZinky tého
melody je spatfovan pledeviim v oviivnéni givk@Eo-
wého metabolzmu nevrond & neuronding axcitabibty,
phdemz vysokofrekventnl stimulace giuk@Eovy me-
tabolizmus a neuronalni exciabify zvyiuje, kiezio
nizkodrekventnl jo snizujs, oo byl prokazano shu-
diemi s zobrazovacimi metodami (30 U dudavnich
poruch, koe byla Z%84#na neurondini hypoaxcitabilita,
52 fedy nabizi poudti vy sokofrekvenéni ITMS, nacpak
v Bch, kos byla prokdzana hyperexcitabiita, je bogic-
k& uEt nizkofrekventnl stimulaci Nepwats zkusenost
v uplatnéni TMS jsou prozatim v kEbE deprsa, kie
tato metoda prokdzala svou GEinnost (2, 14

Uiaéby OCD pomaoc iTMS fsou prazatim visled-
ky sbudil méné slibné, i kay2 je zaroved nuing pozna-
menat, 22 poh e takéwyrazné ménd. Greenberg vo-

ce 1997 poukazal na urtity efckt vysokofrekvendni
stimuiace praveého (nikoli viak lawého) prefrontainhe
lortexu v pilotni studii s2 dvandcti pacienty trplcimi
QCD. Toto zlep3ani pletrvavalo po jednordzove st-
mulaci osm hodin (31 Sachdev o Sy roky poeddi
popsal Géinnost pravostrannd ilevostranng stimulace
prafrontéinihe kortexu v cvandcti pacienbl s fama-
korezistentnl OCD (13). Ve shejném roceviak Alonso
ve 5w dvojié shepd, placebem kontrolovand sbudii
neprokizal signifikantnl Ofinnost aktivai stimulace
oproti neaktivnl (shamovg) vitvi (1) O dva roky paz-
& 52 Martin pokusil o metaanahjzu do & doby pro-
vedemych studil. Nabezlviak pouzs B studie, 2 nich2
pro Géely kvantitativnl analyzy mohl vyuzit jen dvé.
Ma jepch zakiaod nebyl schopen utind zavér o BEi-
nnosti MMS v EbE OCD 7). V roce 2006 wve femil
Mantovani vsledky studie, v gjimi prib&hu byl pa-
ciznti & OCD ne bo Towrzttovym syndromem stimuio-
vani nizkofrekventnl MMS zaméfnou tentokrat na
suplemeniami motorickou kiru po dobu dvou tydnd
(absowovali i dy 10 sezenl). Na jeim konci bylo pro-
kizdno, 22 falo KBdba pinesla signifilkanini kiinicks
Zlep3ani & normalizaci hyperaxcitability v pravé he-
misdfo (8). O rok pozoéj Sachdev ve deoié shapd,
placebem kontrolovand stud s celkem csminact
pacienty neprokazal 32 by TMS cllena na oblast
lewiho dozolalerdinho prefrontiiniho korta byla
DEinnd v IEDE razizientni OCD (12).

Upiainénim franskraniainl magnelicks sémulace
v BEbd obsadanind-kompuizivnl poruchy so zabyval
i bt wekumnicL V' roce 2003 popsal Horddek Ot
mnost Bio metody u pacienta s famakorzisentni
OCD. kery podsboupil patndct apikaci nizkofekventnl
shmuiace leviho dorzoksierainiho prefrontdinino kore-

¥, Ma konci IB6hy dodio v pacienta k pokiese zaval-
nos pfiznakl ve &lkdle Y-BOCS o 32%, die Skdly CGI
byl nemocry hodnoocan jakoznadng ziepseny (4). O ok
paecéf pak Pikny uvefzind kazuisfty fingho pacienta
5 OCD, Kery k wyiouteni pfipadného placabo efiskiu
najprve podsboupi po dobu dwou tidnd neakiinl {sha-
mowol sfimuiac, aby poskize absoivoval stejny podet
sazen| akiiwl nizkofreloventni (1 He) simulace o in-
Ereié 110% motorického prahu freajicl vizay 20 minut
a cilend na oblast lewsho prefrontainmho korkow. Ke
ziepien psychopatologie (o 36% ve Skik Y-BOCS)
dogloaz po akivn stimuiaci (1), Po tchio sibmych ka-
2uistickych sdlenichviak v mos 2007 Pragkozvefzjnd
dvejiié shepou, placebem kontrolovanou shodi, ve kierd
byio 33 pacentd { nichZ i na potatky studie odstou-
il rozoélena do dvou skupin. Prvni 2 nich byia apliko-
véna akdivnl TMS o frekvenci 1 He, iniereié 110% mo-
tonckeho prahu a pofty desati sazeni, cllend na oblast
levé o corzolaterdiniho prefrontiiniho korsxw, zalimes
druha podstoupila neaktivnl (shamowou) stimuiaci. Na
konci bybo zjSiéno, 2o vy siedky mazi obdma skupinami
58 od sabe signifikaning nelEl (10).

Jak je vidéi z ioholo piahiedu, vysledky jsou za-
tim rporuping, dosud prove dend placebam konkbro-
Iované studie spide nepodponuji tvrzenl, 22 by TMS
byla vjrazné (spéina v ¥Ebd OCD. Je viak nuing
dodat, 22 prozatim mame ke kone End mu soudu piiis
mélo (dapl.

Viastni pripad

Léili fsme 2enu v vEku 26 let, vysokoskolsks-
ho vzdéiani, kera trpéla OCD s smidanym obse-
dantnim my&kenim a jednanim (F42.2 die 10. revize
Mezindrodni Klasifikace nemoci) asi osm bt Po
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skonteni stwdia naziskala misto v obory a pracova-
la jako brigadnice na sifadobkolskd pozici. V dobé
zahajenl Bty nepracovala. Byla Etyfkoat hospi-
talizovand na psychoterapeufickych oddélenich
peychiatnckych iédeben (naposiedy pied rokem),
v mezidobi s2 Kéila ambulaning. I psychofarmak
uZivala kombinaci clomapraminu a sulpiridu (zprvu
8 Casetmym Uspéchem, pedji b efeldu). cita-
lopram & escitalopram v monoderapii (bez wyrazndj-
&lho efekiv), ventafaxin v kombinaci sa suipindom
[opét baz vyrazndiiiho efekiy) a nakonec soriralin
(opét bez vyraznéjEino efekiy). Leky uZivala vidy po
dostatednd dicuhou dobu av ifinné davca.

Obsase so u pacientky projevovaly sledavanim
riznych symbold v béZném dennim EZwvolé, kiord
mély piedznamenavat ndjakou katastrofu, jZ se pa-
centka musala brénit pindnim ritvéid. Denné stravila
obsasami a ritudly v primén vice ned 8 hodin.

P prvnim vydetfeni piad MMS byla u pacientky
ZjiztEna kromé OCD i cepresival symptomatika spl-
fivjicl dizgnosticka kritdria stfednd 183 deprasimi
apizody (F32.1 die 10. rovize Mazinarodni Hasifikace
nemoci), takie jsme provedeni stimulace pizplso-
bili i této skutetnosti.

Metodika

Ka stimulaci jsem pouzili pfistroj Magstim Super
Rapid, karym jsme 5o snaZili inhiboval oblast prave-
ho dorzolaterdintho prefrontiiniho korboo: konkmt-
né misto Scm rostraing od mista motonckehe kor-
exu pravé mozkovd hemiskry, kde byl registrovan
matoricky prah. Pravou stranu sme zvolii proto, 22
die Sachdowovy studie z roku 2004 nenl v pacientd
8 OCD rozdll mezi nizkofrekvanEnl stimulaci lewiho
&i pravého prafrontainiho korexu (12) a protode die
studie Isanbergaz rokw 2005 je v pacient] s depre-
sini poruchou tabo stimulace skejné Ofinnd jako
vysokofrekventnl smudace kwvého prefrontiinho
korbau {5). Z toho tedy logicky vyphiva, Ze pravé
nizkefrkvendni stimulace pravdhe prefrontainiho

Literoturn

Tabulka 1. Viskdhy K&b

Shila Pfed Kébau Pa 1. tjdnu
Y-BOCS 38 L3
MALDRS 25 n

korteu mide byt cptiméinl volbou v pacientd trpi-
clich OCD s komorbidn depeesl

Z daliich parametnl stimulace j nuiné zmini,
2 jajl indenzita byla 110 % matorického prahw, Hery
jsma méfili na m. abouctor pollicis brevis lat. d., po-
Lot je dnotiny ch sezeni dosahl dvacati v prib&hu Etyf
tydnd & jedno sazen frvalo dvacet minut,

Zavainost psychopatobogie byla hodnooana po-
mocl Bkély Yake -Brown Obsassive Compulsive Scals
{¥-BOCS) s razsahem 0 a2 40 bodt) & Montgomary-
Asberg Depression Aating Scale (MADRS) (s rozsa-
hem 0 a2 60 bodl) celkem pétkrdt - pled zaditkem
a po kadsm Wydnu smudace.

Medikace, kierou pacientka w2ivala pfed zahs-
jenim MMS (sarirain 200 mg pro die), z(stala zacho-
vana ve siejné dawoe i v jgjim pribéhu.

Vysledky

Pizd ébou byla v packentky zjisEna valmi z3-
vaind fextmnl) OCD symplomatika - de 3kaly
Y.BOCS 3B bodl a takd depesivni symplomatika
odpovidaficl sifednd ¥B3ké dopresinl epzodd -
die Sily MADRS 26 bodl. Zmény zavainasti OCD
a depresivni symptomatiky v prib&hu EEby jsou tve-
deny v tabuice. Na zavér Etyftydenni erapie dollove
Ekdle Y-BOCS hodnotici CCD k sovhmnému poddasu
na 31 bodd, \edy as o 1B%. oo nelze hodnofit jako
piilEs vyrazné. Naproli tomu we Skédle MADRS hodno-
il knmorbidnl depresi doSlo k pokiesy na koneEmych
devét bodl, fedy o cefjch 65%, a dosadani remise.
Subjektivné pocifovala pacentka pouze Caskednd
ziepSeni, profcZe hiavnl probiém, pro kery Bébu
absovovala, & to zévainou OCD sympbomatiku, byl
pouzs 0 néco zmimén. Kinicky se viak jeji calkowy
paychicky stav zieps wrazné a pacientka zadala

Po 2 tjdnu Po 3. tjdnu PolEbE
1 n
2 1 ]

mnchem kpe fungovat a zajimat 32 o sw okoll Tenbo
stav die pacient@iny ambulanini psychiatrithky piotred-
vali po 3 mésicich po ukondenl TMS.

Ziwér

Prodio?ena kazvistika, kiord jo zafmavi tim, 2o
5o zabyva simutatni Btbou pacientiy trpicl soufas-
né OCD i depresivnl symptomatikow, naznatuje, 22
nizkofrekvenéni e pefitivni transkraniaini magnatic-
k4 stimulace cilend na oblast praviho dorzolaterdl-
niho prefronté@nihe korexu je OZNNEEN v ovivnéni
deprasivnich priznakl ne? piiznakd OCD, i koyZ ina
né milo mit sty pozitivni vitv. Niz&i dinok v EDE
OCD mie byt zplsoban tim, 22 v patody Zickogii této
panuchy jsou zapojeny i dalzi struktury mozku kromé
prefrontainiho kortaxu, kisrs jsou vaak obilngii pris-
tupné stimulaci.

Nake zjis#énl jo v soulady s plevaiujici Fera-
turow, I koy2 je tieba daldiho zkoumani nedpe ve
avojié zaskepenych studiich na vétsich soubomch
pacientl, a to 1 3 vyuditim novych poznathkd newno-
zobrazovacich mebod, aby se zjistibo optiméni uplat-
néni M3 v IBEb& psychickych poruch.

MUDr. Libor Ustahal
Paychiatricia iinika LF MU a FN
Jihiavsid 20, 625 00 Brmo
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6.8 Emocni nezadouci ucinky po vysokofrekvencni rTMS pravého
dorsolaterdlniho prefrontdlniho kortexu u dospélého pacienta s ADHD a
komorbidni depresi

Komentar:

Velkou vyhodou rTMS je, Ze se jednd o bezpecnou a dobfe tolerovanou terapeutickou
metodu s minimem nezadoucich ucinki, zvlasté téch zavaznych. Jako u kazdé terapeutické
metody se vSak 1 u rTMS né&jaké nezadouci U¢inky vyskytuji. Jedna se zejména o bolest
Vv misté stimulace nebo bolest hlavy po stimulaci, kterd je vSak vétSinou mirnd a pomérné
rychle ustupuje; kjejimu rychlej§imu Gstupu lze podat bézné analgetikum. Za zavazny
nezadouci U¢inek byva povaZovan epilepticky paroxysmus, ale pfi dodrzeni preventivnich
opatfeni k nému dochézi jen zcela vyjimecné, navic nebylo popsano, Zze by po ném doslo

k rozvoji epilepsie.

Nasledujici prace seznamuje se vzacnym psychickym nezadoucim ucinkem, ktery se
vyskytl u dospélého pacienta, ktery podstupoval vysokofrekvencni rTMS pro hyperkinetickou
poruchu/poruchu pozornosti (ADHD). Pacient mél v anamnéze rovnéZ rekurentni depresivni
poruchu (celkem prodélal tii epizody), ktera vSak byla v dobé pted zahajenim stimulace
v remisi. Pacient nejprve podstoupil pét sezeni vysokofrekvenéni rTMS cilené na oblast
levého DLPFC, kterd je, jak bylo vySe uvedeno, s ispéchem pouzivdna v 1écbé depresivni
poruchy, ale je u ni pfedpoklad, Ze by pozitivn€ mohla ovlivnit i ADHD. Po tydnu byla
zahajena vysokofrekvenéni rTMS pravého DLPFC, ktera byla pouZita 1 v Gsp&Sné pilotni
studii Blocha a jeho spolupracovniktli, zabyvajici se 1écbou dospélych pacienti s ADHD.
Ditvodem, pro€ si jeji autofi vybrali zrovna pravy DLPFC, bylo to, aby vysledny efekt mohl
byt snadno odlisitelny od efektu na pfipadnou depresivni symptomatiku, ktera se u pacientli
s ADHD muze také vyskytovat (Bloch et al., 2010). Vysokofrekvenéni rTMS této oblasti se
zkousSela vyuzivat v 1é¢bé manie, naopak v 1é€beé depresivni poruchy se uplatituje v tomto
misté naopak nizkofrekvenéni stimulace (Grisaru et al., 1998; Lefaucheur et al., 2014).
Vzhledem k témto faktim by se skutecné teoreticky nabizelo, ze vysokofrekvenéni rTMS
pravého DLPFC miiZze plsobit depresogenné, zvlasté u disponovanych jedinctli, naptiklad
téch, ktefi jsou depresivni nebo ktefi maji depresivni poruchu v anamnéze. A to se v naSem
piipad¢ skutecné potvrdilo a to v mife, kterd prekonala teoreticka ofekavani — jiz po prvnim

sezeni, kdy byla aplikovana vysokofrekvencni pravostranna stimulace. Tento negativni efekt
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se zacal rozvijet bezprostiedné po stimulaci a kulminoval po dvou hodindch. Druhy den jesté
stale pretrvaval, byt v mirnéjsi podob¢. Skore ve skdle MADRS se zvysilo ze 7 na 21 (tato
Skéla byla mimo jiné uzita ke kontrole efektu terapie). Druhy den jsme se vratili i na Zadost
pacienta k levostranné stimulaci, ktera probihala bez komplikaci, pacientova nalada se dostala
rychle do normy a doslo dokonce i ke zlepseni jeho pozornosti (méfeno Testem pozornosti d2

autorti Brickenkampa a Zillmera) (Brickenkamp et Zillmer, 1998).

Z tohoto naseho pozorovani vyplyva, ze i s rTMS je tfeba zachazet opatrné a mit na paméti,
ze se jednd o ucinnou metodu, ktera miize psychiku zlepSovat, ale pfipadné i zhorSovat, a

proto je tfeba vSechny pacienty v pribéhu celé kiry pomoci rTMS peclivé sledovat.

Ustohal, Libor — Piikryl, Radovan - Prikrylova Kucerova, Hana — Sisrova, Monika —
Stehnové, Iva — Venclikova, Simona — Vrzalova Michaela — Ceskova E. Emotional side
effects after high-frequency rTMS of the right dorsolateral prefrontal cortex in an adult patient
with ADHD and comorbid depression. Psychiatria Danubina 2012; 24(1): 102-103.
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Larter to Editor

EMOTIONAL SIDE EFFECTS AFTER HIGH-FREQUENCY RTAMS OF
THE RIGHT DORSOLATERAL PREFRONTAL CORTEX IN AN
ADULT PATIENT WITH ADHD AND COMOREBID DEPRESSION
Libor Ustohal*?, Radovan Prilkrv?, Hana Prikrylova Kuceroval?, Monika Sisroval,
Iva Stelmm'ﬂl, Simona "s'em:].ilim'al, Michaela Vrzalova® & Eva Ceskova'”

"D.s_pan‘;u ent af Psychiary, Medical Faculty and University Hospital, Masaryk University, Brno, Czech Republic
“CEITEC — Central Europsan Institute of Technology, Masaryk Univerzity, Brno, Czech Republic

* *

Dear Editors,

an arficle by Michae]l REézler on attention defiert m
adult patients suffermg from attention deficit hyper-
actrvity disorder (ADHD) and an article by Yuval Blech
on the possibility of alleviating these problems using
high-frequency repefifive transcramial magmefic stmmu-
lation (rTMS) of the nght dorsolaterz] prefrontal cortex
(DLPFC) awakened our interest {Rosler et al. 2010,
Bloch et al. 2010). Although using 1'TMS in other
mdications than in depression remains controversial
(George et al 2009), it 15 important to evaluate its
effectivity in other disorders too.

S0 we decided to tv this method mm ADHD at our
site too. Our patient was 2 man (36 years old), who had
been diagnosed with ADHD in childhood (according to
ICD-5 3140 Attention deficit disorder, later changed to
F%0.0 Dhsturbance of activity and attention according to
new ICD-10). He has especially long-lastng problems
with attention. During childhood be remamed without
medication, but i adulthood he was unsuccessfully
treated with atomeowetine. In adulthood he was also
diagnosed with comorbid depressive disorder (F33
according to ICDH-10), he had three depressive episodes
treated with anhdepressants (venlafaxme milnacipran,
mirtazapine and tianeptine). The last deprezzive episods
was m 2009 Svmptoms dunng these episodes were
different from his “uwsual” problems with attention. The
patent came to owr Department to ask for some
treatment of his attention deficit at the begmning of
2011, not for problems with depression.

Stomulaten treatment was divided into three parts.
Drunng the first part, the patent underwent five sessions
of sham 1TMS. In the second part there were five
sessions using 10 Hz stimulation of the left DLPFC with
mtensity 120% of mdividual resting moter threshold
(BMT; EMT was measured using EMG) with 1500
stimuli per session {every train lasted 10 seconds, every
mtertrain lasted 30 seconds). In the thurd part there were
five sessions usmg 10 Hz stmulatton of the nght
DLPFC with mtensity 120% of indmvidual BMT with
1500 stomul per session (every train lasted 10 zeconds,
every miertram lasted 30 seconds). We used Magstim
Super Rapid stmulator from The Magstiim Company

102

*

x® &

with an eight coll For the start, end and changes
between individual rTMS sethngs, a total of four check-
ups were evalated (Vy— Vi), during which depression
using Montgomery and Asberg Diepression Rating Scale
(MADES; due to patient’s comorbidity) and attention
using an neuropsvchological exammnation with the d2
Test of Attention by Folf Brickenkamp and Enc Zillmer
(Brickenkamp & Zillmer 1998}, were assessed.

Befors treatment the patient subjectively complamed
of 1mpared attention (hus resultz in d2 test were quite
good, he reached 86.4 percentile, but ke complamed of
mmpawed attention dwing longer tme perods than
necessary for testing, for example dunng 8§ hours lasting
shaft) and muld residual depression was  present
(MADRS=14). Fustly the patent underwent sham
stimulatton (MADES=12, with an improvement of
attention from the §6.4 to the 98.2 percentile); then the
patient underwent hugh-frequency stimmlation of the left
DLPFC (MADES=T, further improvement of attention
to the 98.9 percentile). This type of rTMS was well
tolerated and without any side-effects. Lastly, the high-
frequency rTMS of the mght DIPFC was started
(simmilarly as descnbed in the Bloch's studv). However,
after the first session the patient reperted substantial
side-effect, mn parficular dvsphona, mabibity to response
emotionally, hypobulia, tension and also impamred
attention. Thiz negattve effect started to develop
mmediately after stmulation, culminated about two
hours later and persisted mn a milder form into the next
dav; as for the MADRS, worsenmg went from 7 to 21
points (Vb Mo other reason for this worsemng than
high-frequency stimmlation of the nght DLPFC was
found. The patient refused resumption of rnight-sided
stmulation and mstead asked for lefi-sided rTMS (see
Table 1. Az early az after the first zession of the left-
sided 1TMS the pattent felt better and mmprovement
continued during the other four sessions. At the end of
the treatment (V) he reached 9 pomts on the MADES
and improved in attention to the 99.2 parcentile.

Such a considerable negatrve effect on the emotrvity,
due to a single night-sided high-frequency stmulation of
DLPFC, 1z noteworthy but not fully unexpected. It 1=
known that low-frequency rTMS of the nght DLPFC 1=
used m the treatment of depressive diserder (Fitzgerald
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et al. 2003) and, on the contrary, high-frequency rTHS
of this arez has been used in patients with mania
(Grizamu et al. 1998). Therefore, we would hke to wam

Tahble 1. Desizn of therapy — expected and real

agamst Its use m patents with ADHD and comorbid
affective disorder, and to recommend consideration of
high-frequency rTMS of the left DLPFC.

Design therapy - WV 3 sessions of V) Ssessionsof HFE 'V, Ssessiomsof HE W,

expected sham yTMS rTMS of left DLPFC rI[MS of nght DILFFC

Design therapy - Vo 3 sessions of V) Ssessions of HE V2 1 session of HF Vi Ssessiomsof HE Vs
real sham rTMS 1TMS of left DLPFC rITMS of nght DLFFC 1TMS of loft DLPFC

Lepend: DLPFC - dorsolateral preffontal cortex; HF rIMS — high-frequency repetifive ranscrania]l magnetic stmulaton;

Wy - Vs, Vi = visit O to visit 3, visit X
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6.9 Vyskyt robustnich psychotickych piiznakii po inicidlnim léCebném sezeni
rmMS

Komentar:

Pfi nasi praci srTMS jsme kromé vySe popsané¢ho nezadouciho uc¢inku na emotivitu
zaznamenali 1 vyskyt vyrazného zhorSeni psychotickych piiznakii u pacienta se schizofrenii
po provedeném inicialnim sezeni vysokofrekvencéni stimulace pro negativni ptiznaky. Jednalo
se o farmakorezistentniho nemocného stabilizované¢ho na klozapinu. Do 24 hodin po prvnim
sezeni rTMS u ného doSlo krozvoji epizody schizofrenie, projevujici se piedev§im
sluchovymi halucinacemi. V rTMS nebylo pokracovano a davka klozapinu byla u pacienta
zvySena ze 200 mg postupné az na 500 mg denné. V prubehu mésice u pacienta doslo
k Gprave jeho stavu a navratu na vychozi troven, jaka byla pied stimulaci. Nelze jednozna¢né
fici, zda rozvoj epizody schizofrenie byl skute¢né v pfi¢inné souvislosti s rTMS, kazdopadné
ale plati, co bylo jiZ uvedeno vySe — pacienty podstupujici rTMS z jakékoli indikace je nutné
behem celé kiry peclivé sledovat a zaznamenavat vSechny nezadouci Gc¢inky a ty hned
aktivné fesit. Vzacnost téchto nezadoucich ucinkt vsak potvrzuje to, co jiz bylo vysSe také

uvedeno — rTMS Ize povazovat za bezpecnou a dobie tolerovanou terapeutickou metodu.

Piikryl, Radovan — Ustohal, Libor — Ptikrylova Kuderova, Hana — Ceskové, Eva. Occurrence
of Robust Psychotic Symptoms Aftes Initial rTMS Treatment Session. Journal of ECT 2011,
27(3): 265-266.
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Occurrence of Robust
Psychotic Symptoms
After Initial rTMS
Treatment Session

T the Editor:

a the article “Use of Repetitive Transcra-
nial Magnetic Stimulation in the Treat-
ment of Dementia: Report of Thoee Cases™
pwblished in the Joumal of ECT, repetitive
trmscranial magnetic stimulaticn (rTMS)
seems to be cffective in the tratment of
ths clinical entity." This method represents
a new thempeutic modality for a number
of neuropsychiatric discases, based on its
urique ability to directly and indirectly, by
means of the trans-synaptic trassmission,
modulate neuronal activity of coical brain
arzas and neuronal circuits, which are in-
cluded in the pathophysiologici features
of respective diseases, It is used especially
in the treatment of depressive disorders;
schizophrenic symptoms, such as audi-

tory hallucinations or negative symptoms
of schi 1a; or obsessive-compulsive
dizorder.

We can say that rTMS was not asso-
cicted with any relevant undesirade effects,
However, it is a method that ha: not been

‘suficiently investigated, and we should be

avare of possible risks and observe unde-
simable effects. Epileptiform seizues, which
occur during the therapy, can be specified
as the most senous undesirable =ffects. To
dae, we have observed only 8 sezures, and
6 of them were in healthy voluntezrs. These
sereral thousands of patients. The risk of
triggering & seizure is relatively low. On
the contrary, the most common uadesirable
eff=ct is headache, which occurs in almost
on2 third of patients. It responds very well
to common analgesics (paracetzmol) and
ussally disappears before the simulation
therapy is complete. Undesirable effects of
¢TMS on hearing, immunity, or histotoxi-
city have not been reliably demonstrated,

Rarely, awerbnmofpsychonc symptoms
has been descrived >

Special care is needed during rTMS
treatment of schzophrenic patients because
of the risk of ar exacerbation of psychotic
sympitoms. The sk of psychotic sympioms
s approximatelr one case per thousands
treated, and described cases have always
appeared afier 2 series of stimulation ses-
sions using high-frequency rTMS targeted
mosthy on the left prefrontal cortex. For this
Teason, We wani to present our experience
involving mduction of an appearance of
psychotic episods in a schizophrenic patient
after only one stmulation session.

Patient 1, a32-year-old and otherwise
healthy man with a 9-year history of pam-
noid schizophrezia, was treated with rTMS
(left prefrontal dorsolateral cortex, 10 Hz,
110% of the mator threshold, 10 seconds
tram and 30 seconds intertram) in mono-
therapy within the safety guidelines for the
presence of negrtive symptoms of schizo-
phrenia in a clinical setting. No positive
symptoms of schizophrenia had occurred
in this patient is the year preceding ini-
tiation of stimuation therapy. Repetitive
transcranial magnetic stimulation therapy
was indicated for a series of negative
schizephrenic symptoms (apathy, hypobu-
lia, emotional fl:iness, passivity, and social
withdrawal) of moderate intensity in which
the antipsychot= medication had failed
(clozapine, 200 mg daily). Clozapine was
administered at 200 mg daily during the
rTMS. series. Ttz first stimulation session
was without any complications. However,
20 hours after fae session, an appearance
of psychotic epsode associated with im-
perative auditory hallucinations developed.
The rTMS therpy was immediately dis-
continued, and the dosage of clozapine was
increased to 500 mg daily. The psychotic
symptoms disappeared within | month, and
the clinical status retumed to baselne level
(ie, before initiaton of rTMS therapy).

Based on oar experience, this was the
first case of appearance of psychotic symp-
toms after one (TMS stimulation session.
A theoretical raionale can be scen in the
activation of the mesolimbic and mesos-
triatal dopaminergic system  via high-
frequency rTMS over the left dorsolateral

prefrontal cortex.® We can only speculate
whylhepsydm.sympmmmmdaﬁa
hypersensitivity jo rTMS therapy was con-
sidered as a possibility. However, it is also
possible that clampine, based on its unique
receptor profile, specifically facilitates the
dopaminergic mesolimbic cortical pathway
that is concurresdly activated by rTMS. In
addition, itis knosn that clozapine increases
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cortical inhibition." Certainly, idiopathic re-
currence of schizog hrenia cannot be cut out,
but the rTMS thenpy as a trigger factor is
more likely.

Repetitive transcranial magnetic stim-
ulation therapy is generally unburdened by
undesirable effects, However, for maxi-
mum safety, we stould know all the risks
associated with stimulation if they are to be
avoided.

Radovan Prikryl, MD, PhD
Libor Ustohal, MD

Hana PrikrylovadKucerova, PhDr, PhD
Eva Ceskova, MD

Department of Psychiatry

Medical Fezulty, Masaryk University
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Somatization Disorder
Treated With
Electroconvulsive Therapy

Tothe Editor:
Electxoeonvulsiv:thuupy(ﬁ(?l’)ispre-

dominantly being recommended for
the treatment of severe mood disorders’~
anc. catatonia. Less evidence is available
corcerning efficacy in other mental dis-
orders, although ECT has been reparted to
be effective in severc hypochondriasis.’
Here, we report improvement with ECT in
a patient with somatization disorder.

MATERIALS AND METHODS

The patient, & 55-year-old man, had
intractable somatization disorder Jor more
than 30 years and, #s a consequawe, un-
derwent several futile surgical procedures.
Thee unsuccessful spinal surgeries for
low back pam and failed back sendrome
wex performed. The patient usderwent
S revisions of left inguinal hernia surgery
for postoperative pain without identifying
the etiology or achieving relevant improve-
meat Numerous diagnostic precedures,
including repeated gastroscopies ind colo-
noscopies, had created a set of somatic di-
agroses, such as imitable bowel smdrome
anc intercostal neuralgia, none of which
couid explain the somatic complamnts, The
getics and nonsteroidal anti-inflammatory
drugs for years without relevam relicf.
He was unemployed and social withdrawn
for & year. On admission, there were mul-
tiple somatic complaints including recur-
rent tension-type headache, chronic nausea,
paizful abdominal distension and hloating,
muliple joint and low back pain, as well
as wregular paresthesias with feeling of
heat in varying skin regions. He also re-
port=d urinary retention, urge incominence,
and complete crectile dysfunction Symp-
toms were accompanied by some -degree
of dzpression and anxiety not fulfilling the
Diagmostic and Statistical Manyal 6" Mental
Disorders, Fourth Edition, Text Revision
criteria for an affective or anxiety cisorder.
Because no sufficient somatic causes could
be identified, a diagnosis of somstization
disorder was made. The patient eported
to have been treated with tricyclic antide-
pressants (amitriptyline, clomipraming, and
trin¥pramine) without response; selective

serolonin reuptake inhibitors had not been
tolerated becanse of nausea, sweating, and
sexual dysfunctim. On admission, how-
ever, there had been no psychopharmaco-
logical therapy for 1 month, Treatment trials
with duloxetine (up to 60 mg 2 times a day),
mirtazapine (up to 15 mg once a day.), and
venlafaxine (up t 375 mg 4 once a day)
Pregabalin (up to 150 mg 2 times a day)
led to only a slight amelioration of anxiety
and no improvement of pain symptoms.
After 3 months of unsuccessful clinical
treatment, including pharmacotherapy, cog-
nitive behavioral therapy, and regularly
scheduled interdiciplinary medical con-
sultations, ECT was first considered. After
obtaining written mnformed consent, a trial
of right unilateral ECT was initiated, Un-
fortunately, the coarse had to be terminated
after 5 sessions because of severe ECT-
related hypertenson with systolic blood
pressure higher than 220 mm Hg,

RESULTS

During and after the ECT course, the
patient reported rupid and significant im-
provement of sonatic symptoms, and he
practically completely stopped complain-
ing about such rymptoms. To evaluate
the effects of ECT, the patient’s condition
before and after the ECT tnal was as-
sessed using the Hamilton Depression
Rating Scale, th: Whiteley Index, the
Quantification Inventory for Somatoform
Syndromes, Clinkian version, and an
observer-rated version of the Screening
for Somatoform Disorders. Showing only
insignificant chanze in the Hamilton De-
pression Rating Seale score from 15 to 14,
the effects on mood were negligible, in
line with our clinical observation. On the
Whiteley Index, a self-rating instrument
for hypochondria, the patient showed re-
duction from 8 (pathological) to 5 (normal),
indicating an atteruation of physical ap-
perception and somatic concerns. The
Quantification Inventory for Somatoform
Syndromes, Clinician version score fell
from 54 (before the ECT) to 20 (afier the
ECT) and the Screening for Somatoform
Disorders-7 score from 60 1o 26, revealing
a significant improvement. These effects
remained unchangsd until discharge one
week after the [ast ECT session. Follow-up
examination 4 morhs later showed no fur-
ther changes.

DISCUSSION
Although somatic anxicty and hy-
pochondiriasis have been described 1o be
negative predictorsof successful remission
with ECT,* in our patient, ECT has been

© 2011 Lippwcott Williams & Wilking

Kopie fir Lizenztunden von subito e.V., gellefert und ausgedrucks fir National Library of the Czech Republiz (SLIO3X00863E)

144



6.10 Efekt sekvencni frontotempordlni repetitivni transkranidalni magnetické
stimulace (rTMS) na schizofrenii

Komentar:

Vyse uvedené studie doplnéné prehledem literatury ukazuji, ze TMS je uzitenym nastrojem
ve vyzkumu psychickych poruch, obzvlasté depresivni poruchy a schizofrenie, a maji v téchto
indikacich i slibny terapeuticky potencial. Nadale je vSak na misté hledat postupy, které by
optimalizovaly jeji uc¢innost pouzitim co nejefektivnéjSich stimula¢nich parametrti a vybérem
téch nejvhodnéjsich pacientil, kteti mohou z této metody nejvice tézit. Neni to jednoduché,
protoZe existuje fada stimulacnich parametrl, které mizeme riizn€ nastavit, takze malokteré
dvé studie jsou zcela identické. A ze strany vlastnich poruch, které se snazime ovlivnit to také
neni snadné, protoze jak depresivni porucha, tak i schizofrenie jsou zna¢n€ heterogenni
poruchy, projevujici se riznym klinickym obrazem, ktery je také jen vzacné identicky u dvou

riznych nemocnych.

Jedno z takovychto novych stimula¢nich paradigmat jsme navrhli a vyzkouseli v nasledujici
pilotni studii. Nazvali jsme jej sekvencni frontotemporalni rTMS a pouzili jsme je u pacienta
S negativnimi 1 pozitivnimi piiznaky schizofrenie. Pacient nejprve tfi tydny podstupoval
shamovou stimulaci, poté tii tydny aktivni stimulaci. Stimulace byla rozdélena do dvou casti.
Nejprve byl u pacienta stimulovan vysokofrekvenéni rTMS levy DLPFC (frekvence 10 Hz,
intenzita 110% individudlniho RMT, pocet pulsii za sezeni 1500, pocet sezeni 15 ve tfech
tydnech), poté nizkofrekvencni stimulaci levy TPC (konkrétné misto uprostted mezi EEG
elektrodami T3 a P3 rozmisténymi dle mezinarodniho systému 10/20; frekvence stimulace 0,9
Hz, pocet pulsii 1080, intenzita stimulace opét 110% individudlniho RMT, pocet sezeni 15 ve
tiech tydnech). Pacient tedy kazdy den podstupoval dvé stimulacni sezeni — jedno
vysokofrekvenéni rTMS a druhé nizkofrekvencni rTMS. U pacienta byla pied lécbou a po ni

rovnéz méiena délka CSP.

Po shamové stimulaci nedoslo k Zadné vyznamnéjsi zméné psychopatologie méfené pomoci
Skaly PANSS, naproti tomu po aktivni rTMS doslo k 50% poklesu zavaznosti
psychopatologie v pozitivni subskale PANSS — doslo k vymizeni sluchovych halucinaci, ale
zmirnila se u ng 1 zdvaznost bludl a podeziivavosti (polozky P1 a P6 ve Skale PANSS).
Kromé¢ zmirnéni pozitivnich ptiznaka doslo 1 ke zmirnéni negativnich pfiznakti (méfenych

negativni subSkalou PANSS) a vSeobecnych ptiznaki (méfenych vSeobecnou subskalou
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PANSS). Klinicky signifikantni zlepSeni pacientova stavu bylo doprovazeno prodlouzenim
CSP. Tato nase pilotni prace byla uspésn¢ ovétrena korejskymi autory, byt pod jinym nazvem

stimula¢niho paradigmatu — bimodalni rTMS (Oh et Kim, 2011).

Piikryl, Radovan — Ustohal, Libor — Piikrylova Kuderovd, Hana — Cermakova, Iva —
Ceskova, Eva. Effect of sequential frontotemporal repetitive transcranial magnetic stimulation

(rTMS) on schizophrenia. Activitas Nervosa Superior Rediviva 2010; 52(1): 37-41.
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The stady was designed to investigate the influence of sequential fronto-temporal high fre-
quency 1TMS on schizophrenic symptoms in a single blind randonuzed design. The cortical si-
lent peried (CSP), which reflects a deficit of the cortical inlubition as an objective marker of re-
activity, was also measured.

The rTMS treatment was divided into tweo parts. The patient was treated with sham rTMS dwr-
ing the first three weeks and then with actual rTMS dunng the next three weeks. Both rTMS
treatments were applied 5 times per week, up to a total of 15 treatments per three week. The ac-
tual rTWMS procedure included two subsequent stimulations: a high-frequency rTMS above the
left dorsolateral prefrontal cortex followed by a low-frequency rTMS above the left TPC with a
5 mimutes delay between treatments. Severity of the psychopathelogy was rated on the Positive
and Negative Syndrome Scale (PANSS) before and after sham treatment and after actual rTMS
treatment. The CSP was measured at the same times

The stimulation paradigm caused a 30% reduction in positive subscale PANSS. In addition to
the complete disappearance of the auditory hallucinations there was also a significant reduction
m delusions. A reduction m the seventy of schizophrenic symptoms which oceurred during
rTMS therapy was associated with a prolongation of the CSP interval.

The unipelar left sequential fronto-temporal rTMS caused alleviation of the symptoms of
schizophrenia and was well tolerated. Therefore it may represent a new altemative for treatment

of schizophrenic patients.
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INTRODUCTION

Because the treatment of schizophrenia has not been satisfactory, despite the fact that new antipsychotics have been
developed, researches have focus on new freatment methods which improve the prognosis of patients with schizo-
phrenia. Fepetitive transcranial magnetic stimmlation (1TMS) is cne of the new treatments which can affect the symp-
toms of schizophrenia (Zaman ef al 2008). This method, which has been classified as an up-te-date brain neuro-
stimulation technigues, is a non-invasive technique but also influences, via trans-synaptic transmission, indirect
modulation of neuronal activity, especially in the cortical regions of the brain as well as relevant neuronal circuits
(Dell’'osso & Altamura 2009; Klirova et al 2008). rTMS has been therapeutically used in the freatment of schizophre-
nia since the late nineteen nineties and covers the basic symptomatic dimensions of schizophrenia. While the benefit
of ITMS with regard to the negative symptoms of schizophrenia remains questionable (Freitas et al 2009) there 15 a
consensus regarding the potent therapeutic effect of rTMS in the treatment of isclated auditory hallucinations (Ale-
man &t al 2007; Freitas af al 2009).

However, few stdies refer to the benefit of rTMS in the treatment of delusions. The positive effects on delusions
have only been occasionally reported (Pascual-Leone eof al 1996a). According to a meta-analyses, low-frequency
{1Hz) rTMS applied above the left temporeparietal cortex (TPC) is not suitable for treatment of delusions (Aleman &f
al 2007; Freitas et al 2009). Delusions, not like the anditory hallucinations, are associated with dysfunction of the or-
bitofrontal rather than temporoparietal cortex (Premkumar et al 2008; Baas af al 2008). Impaired gyrification of the
orbitofrontal cortex, especially the lower volume of the medial orbital gymus, is frequently found. They are associated
with formal cognition disorders (Wakamura et af 2007, 2008). Other findings cnginated from Diffusion Tensor Imag-
ing (DTI) show a reduction of the white matter of the frontal cortex that correlates with impaired working memory
{Schlésser af al 2007). On the other hand. the panetal and cerebellar alterations of white matter cause delusions in the
early stages of psychosis (Picard ef al 2008; Kynakopoulos ef al 2008). All these findings show that other stimmlation
paradigms including the stimmlation of sites other than the ones used in the previous smdies need to be found for
treatment of positive symptoms (e.g. delusions) of schizophrenia that go beyond isolated anditory hallucinations.

The stimulation parameters of the studies with rTMS differ mostly with regard to stmulation frequency, frequency
of rTMS applications, stimulation intensity, or the overall number of stimulation impulses. There are relatively few
studies mvelving stimulation of two brain regions. Simultaneous stimulation means that two brain regions are stimu-
lated by rTMS at the same time using twe stimulation deses. During sequential stimulation, we stimulate with one
stimulation coil the first region followed by stimulation of the second region. This method of simulation has been used
in several rTMS studies focused on the treatment of depression and has yielded various results (Daskalakis ef al 2008).
Only one study has been published regarding the treatment of schizophrenia using rTMS. However this work did not
find any benefit of bilateral stimulation compared to unilateral stimulation of the left TPC in patients with resistant
anditery hallucinatiens (Vercammen ef al 200897.

The human prefrontal cortex (PFC) i1z thought to be the brain stucture respensible for control and integration of
emotions, cognition, and the antoimmune nervous system. Common bilateral neuronal connections link the PFC with
other cortical association areas such as the insula, limbic system, thalamms, and basal ganglia (Fuster 1997; Langguth
et al 2007). The PFC also modulates the activity of dopamimergic neurons in the mesolimbic brain system by means
of activation and inhibition pathways (Bertolino ef al 2000; Lamelle ef al 2003; Meyer-Lindenberg ef al 2002). Amni-
mal and human studies have shown that high-frequency rTMS applied over the PFC modulates the release of dopa-
mine in the mesolimbic and mesostnatal system of the bran (Keck of al 2002; Taber & Fibiger 1995). The receptor,
m vive SPECT (single photon emission computed tomography) studies, has demonstrated a negative comrelation be-
tween the density of benzodiazepine receptors and the positive symptoms of schizophrenia (Busatte ef af 1997). Due
to the fact that the density of benzodiazepine receptors comresponds to the functional status of the type A subunit of
the gamma butyric acid (GABA,) inhibitory receptor, we can assume that the inhibitory system of the braim in
schizophrenia is impaired. Because GABA neurcns play a significant role in inhibition of brain interneurons, it is
clear that schizophrenia is charactenized by impairment of cortical inhibition. An imbalance of the fronte-temporal
dopaminergic neuwroiransmitter system m the brain is considered to be a possible etiopathogenetic basis of schizo-
phremic symptoms (Prkryl ef al 2009). Therefore, we can theoretically assume that modulation of these pathways.
using rTMS from two different stimulation sites, can produce more significant affects on these pathways and hence
increase the therapeutic effects of rTMS on the basic symptoms of schizophrenia.

The present case report was designed to investigate the influence of sequential fronto-temporal high frequency rTMS
on schizophrenie symptoms i a single blind randemized design. To assess the impact of innovative stimulation para-
digm on brain, the cortical silent period (CSP), which reflects a deficit of the corfical inhibition as an objective marker
o f reactivity . W oa 3 al s o m & a s u r & d
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MeTHODS

The study was carmied out on a 33-year-cld schizophrenic patient (paranoid subtype). He had been suffering from
schizophrenia for & years and taking palipenndone @ mg per day as monotherapy for the previous six months. The patient
signed the informed consent before inclusion in the trial. The study was camied out in accordance with the Declaration
of Helsinki; the study design was reviewed by the local ethics committee.

The rTMS treatment was divided into two parts. The patient was treated with sham 1TMS during the first three weeks
and then with actmal rTMS during the next three weeks. Both rTMS treatments were applied 5 times per week (Monday
through Friday), up to a total of 15 freatments per three weeks. The severity of the psychopathology was rated on the
Positive a.ud Negative Syndrome Scale (PANSS) before and after sham treatment and after actual rTMS treatment (Kay
€ a 1 1 9 8 7 3

The arl'ual rIMS procedure meluded two subsequent shmmlations: a high-frequency rTMS above the left dorso-
lateral prefrontal cortex followed by a low-frequency rTMS above the left TPC with a 5 minutes delay between treat-
ments. Both stimmlation intensities were determined to be 110% of the individual motor threshold ('I-.'lTJ The stimula-
tion parameters of high frequency rTMS were as follows: frequency: 10 Hz, duration of the pulse senes: 10 s, interval
between mdividual sequences: 30 s, total number of stimmili applied l:i'I}CI: the place of the stmulation: left dorso-
lateral prefrontal cortex (3 cm dorsally from the site of the motor cortex where the MT was registered). The stimula-
tion parameters of low frequency rTMS were as follows: frequency: 0.9 Hz, duration of the pulse series: 20 minutes,
total number of stimuli applied 1.080. Stmulation coil was placed over the left TPC defined as midway between the
T3 and P3 EEG electrode sites in the international 10-20 system (Hoffmann ef al 2003).

The motor thresheld was registered using an electromyograph attached to the abductor pellicis brevis lat. dx. The
motor threshold was defined as the lowest stimmlation activity to produce at least 5 motor potentials of amplitude 50
mV or greater per 10 individual impulses. Stimmlation was performed wsing a Magstim Super Fapid TMS machine
equipped with a focal figure 8-shaped coil, which allowed continuous air cooling to prevent overheating during stimu-
lation. Inefficacy of the sham rTMS was achieved by maintaining an angle between the coil and the head surface of
00 degrees. In addition, stimulation was blinded by preserving the sound during both sham and acfive stmulation.

For the TMS measurements two magnetic simulators (Magstim 200) were used and they were interconnected using
a Bistim module (Magstim, Dyfed, UK) and a figure-eight stimulation coil with a diameter of 70 mm. The stimulation
coll was placed on the surface of the patient’s head in such a position relative to the motor cortex of the left brain
hemisphere, so as it produced motor evoked potentials (MEP) with maximum peak to peak amplitude on the contra-
lateral target muscle (musculus abductor digiti minimi). The optimal position of the stimulation coil was defined and
fixed using recommended standards (Fossini & Fossi 1998). The stimulation codl attached to the scalp was directed
occipitally with its holder and formed an angle of approximately 43 grades to the sagittal axis (i.e. approximately at a
right angle to the central suleus) (Brasil-Neto ef al 1992). With the stinmlation coil in this pesition the induced elactrical
current expands in a anfercmedial to postericlateral direction approximately perpendicular to the direction of the central
sulcus and preferentially activates the trans-synaptic corticospinal neurons (Werhahn et al 1994). The induced cortical
silent period was acquired using the application of single TMS pulses over the area of the motor cortex with an intensity
of 1994 of the rest MT on the target muscle (museulus abductor digiti mininr) during willful weak tonic contraction.
Duration of the CSP was defined as the time between the imtiation of the MEP and retum of willful EMG activity. This
i5 called the abselute CSP and is concluded by any deviation of the EMG wave. (Wu ef al 2000). In total ten meas-
urements were performed and then the CSP was acquired using automatic analysis performed by the EMG Medelec-
5 v n e r g v ] o f t w a T e

o o

RESULTS

The single PANSS scores, mcluding the subscores basally after sham rTMS and actual rTMS are described in Tab. 1.
The mean values of CSP basally after sham rTMS and actual 1TTMS are described in Tab. 2. No adverse events were
observed.
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DiscUss1oN

Chir case study demonstrates the effects of unipolar, left-sided, sequential fronto-temporal repetitive transcranial mag-
netic stimulation (TTMS) particularly on the positive but alse on negative symptoms as well as the general symptoms
of schizophrenia. A possible placebo effect was minimized by inclusion of a sham stinmlation period, during which
the patient was not informed about which type of rITMS therapy they were receiving. It is the first rTMS study which
combines the two most widely used stimulation paradigms in the treatment of schizophrenia: (i) a high-frequency
stimulation in the area of the left prefrontal cortex used especially in the treatment of negative symptoms of schizo-
phrenia and (i1) a low-frequency stimulation of the left temporoparietal cortex which has proved to be effective n the
treatment of 1sclated auditory hallucinations. A combination of both approaches may be provided promising clinical
outcomes; probably based on enhanced modulation effects of ITMS on depaminergic mesocortical and mesolimbic
brain pathways.

The stimlation paradigm we chose caused a 50% reduction in positive subscale PANSS. In addifion to the complete
disappearance of the auditory hallucinations (P3) (improvement from to 6 to 1) there was also a reduction in delusions (P1)
(improvement from 4 to 2) and suspicien (P§) (improvement from 4 to 2). Except for the fill disappearance of the auditory
hallucinations the sequential fronto-temporal stommlation alse cansed a reduction in the intensity of delusions and para-
noia. Whle the effect of rTMS on auditory hallucinations is considered demonstrated, the positive effect on delusions has
been reported only rarely (Pascual-Leone 1996a, 1996b). The problem of effectiveness of rTMS on delusions may be due
to the effects of rTMS on the dopamunergic system. It appears that the high-frequency rTMS antagonizes dopamine
blockade by first generation antipsychotics in schizophrema, which 1s evidenced by the fact that schizophrenic patients
treated with first generation anfipsychotics and by rTMS had a 30% reduction in the prolactin levels (Yu ef al 2002). Even
if prolactin levels were not measured throughout stimmlation therapy in our study, we may assume that the combination of
high-frequency and low-frequency rTMS does not significantly interfere with dopamune blockade by antipsychotics. In
addition, our patient was treated by paliperidone which is not a first-generation antipsychotic agent.

Except for positive symptoms, a considerable reduction in negative and general symptoms of schizophrenia oc-
curred as well. This can be explained by activation of the PFC and meselimbic dopaminergic pathways by high-
frequency rTMS (Strafella ef al 2003. Based on fimctional imaging studies, we know that hypofrontality in schizo-
phremia is asseciated with negative symptoms and cognitive deficits (Hill ef al 2004; Weinberger ef al 2001). More-
over, the PFC plays an important role in modulation of the dopaminergic system of the brain by means of activation
and inhibitory neuronal pathways (Bertolino ef al 2000; Laruelle ef al 2003; Peleman ef al 2009). Activation pathways
from the PFC are mediated by direct and indirect glutamatergic projections inte dopaminergic newrons. Inhibitory
pathways are modulated by prefrontal glutamatergic efferent termunations on the GABA-ergic (gamma butyrie acid)
mterneurons and stiato-mesencephalic GABA neurons of the mid-bram. The dual modulation of the mesolimbic
dopaminergic system by the PFC may be supported by studies which showed that the extracellular concentration of
dopamine in the micleus accumbens is increased or reduced by high-frequency or low-frequency stimulation of the
FFC (Jackson ef al 2001).

A reduction in the seventy of schizophrenic symptoms which cccurred during rTMS therapy was associated with a
prolongation of the CSP interval, which can be evaluated as an adjustment of cortical inhibition that is impaired in
schizophrenia (Daskalakis ef al 2002). A reduced duration of the CSP is a marker of impaired cortical inhibition. The
C5P duration is constantly found to be shortened in patients with schizophrenia, either without or with antipsychotics,
compared to controls (Fitzgerald ef al 2002). The antipsychotic therapy extends the CSP and therefore causes an ad-
Justment of abnormal cortical inhibition processes. (Daskalakis et al 2002). A deficit of cortical inhibition in schizo-
phremia reflects the pathology of the cortical and subcoertical brain areas. The abnormalities of the motor fimetions in
schizophrenia are caused by the increased activity of the subcortical dopaminergic newrons which leads to disinhibi-
tion of cortical inhibitery neurotransmission (Walker 1994). It is assumed that a reduced mumber of GABA-ergic in-
temeurons in the prefrontal cortex, anterior cingulum, and hippocampus accounts for the deficit of mhibitory fune-
tions in schizophrenia (Benes 1999). We speculate that the modulation of dopaminergic neurotransmission by rThS
affects the tone of not only dopaminergic but also associated GABA-ergic newrotransmission. This has been previ-
ously described In association with a reduction of anditory delusions together with a prolengation of the CSP (Lang-
guth et al 2006). The dynamic change of CSP during rTMS5 could be an objective marker of reactivity.

Medulation of the symptoms of schizophrenia, with the exception of the auditory hallucinations, by rTMS requires
a new stimulation paradigm. Unipolar, left-sided, sequential fronto-temporal rTMS produce a significant reduction in
all schizophrenia symptoms, especially the positive ones. A reduction in schizophrenic psychopathelogy was associ-
ated with prolongation of the CSP peried, which can be assessed as an objective marker of reactivity. Since dual
stimmlation was well tolerated, it represents an altemative stimulation paradigm for treatment of schizophrenia. Com-
plete venfication will require a larger patient population sample, and preferably a double-blind study protocol.
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CONCLUSION

Unipolar, left side, sequential fronto-temporal rTTMS cansed alleviation of the symptoms of schizephrenia and was
well tolerated. Therefore it may represent a new altemative therapy for schizophrenic patients.
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7. ZAVER

Prezentovana habilitacni prace se snazi predstavit moznosti, které¢ predstavuje metoda
transkranialni magnetické stimulace v psychiatrii obecné a ve vyzkumu a terapii depresivni
poruchy a schizofrenie zvlasté. Na ¢trnacti publikacich popisuje vice nez desetiletou praci,
kterd byla jejimu vyuziti vénovdna naSim pracovistém a kterd snad pfispéla k lepSimu
pochopeni jejiho mista v biologické psychiatrii a poukdzala na jeji nemaly potencial. Prvni
Ctvetice praci ukazuje na jeji pouziti ve studiu kortikdlni inhibice a excitability, respektive
jejich naruseni u zminovanych dusevnich poruch, a dale také na moznosti, které v jejich
ovlivnéni maji psychofarmaka, zvlasté antipsychotika (konkrétné risperidon a paliperidon),
ale také nefarmakologické 1écebné metody jako elektrokonvulzivni terapie. Dalsi prace se
vénuji piimo terapeutickému potencidlu transkranidlni magnetické stimulace — konkrétné
ukazuji, Ze jeji pouziti v monoterapii depresivni poruchy mize byt obdobné Ui¢inné jako 1écba
antidepresivy; lze pomoci ni zmirnit zdvaznost negativnich ptiznakl schizofrenie, ovSem
pouze za pomoci vhodné zvolenych stimulac¢nich parametrt, coZ se pravé na nasem pracovisti
podafilo. Prospésna muze byt ale i pacientiim se schizofrenii a komorbidnim abusem nikotinu,
kterym muize napomoci zredukovat pocet vykoufenych cigaret. Naopak v dalsi z nasich praci
se nepodafilo prokazat, Ze by mohla u pacientli se schizofrenii ovlivnit kognitivni deficit
(konkrétné pracovni pamét); Vv pilotni studii starSiho data se neosvédCila ani v 1écbé
obsedantné¢ kompulzivni poruchy, dokazala vSak pozitivné ovlivnit komorbidni depresivni
poruchu, coz je ve shodé€ 1 se soucasnymi poznatky. Dalsi dvé prace ukazuji i nezadouci
ucinky, které miZze transkranidlni magnetickd stimulace vyvolat (depresogenni potencial
vysokofrekvenéni stimulace pravého dorsolaterdlniho prefrontalniho kortexu ¢&i relaps
pozitivnich pfiznakli schizofrenie u pacienta po inicidlnim sezeni vysokofrekvenéni stimulace
levého dorsolateralniho prefrontalniho kortexu), proto s ni musi byt zachézeno jako s i¢innym
nastrojem, ktery muze ovliviiovat psychické funkce pozitivné 1 negativné. Posledni prace je
pak malym piispévkem k potiebé zavést a vyzkouSet nova stimulacni paradigmata ci
protokoly, aby se maximaln¢ vyuzilo potencialu, ktery tato metoda v psychiatrii ma. Pokud se
to podaii a pokud se rovnéz podafi ve vétsi mife propojit transkranidlni magnetickou stimulaci
se zobrazovacimi metodami, mize se alespon ¢astecné poveést naplnit trochu neskromny cil,
ktery ve svém komentati formulovali Camprodon a Pascual-Leone — polozit psychiatrii na
nové zéklady, takZze by se o ni dalo hovoftit jako o psychiatrii zalozené na (neurondlnich)

okruzich (Circuit-Based Psychiatry) (Camprodon et Pascual-Leone, 2016).
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Abstract

Transcranial magpetic sirmulation (TRS) is a method fhat can be used in neurophysio-
logical research of schizophrenia and in the treatment of some symptoms or syndromes
of this mental disorder. 'Ihemne:-t:i.n'l.Pm:!:Id midicatioms fior TAWS (or mPeﬁ'h.w ThG—
ITHS) are the mgati.v: s:v:lrp!m:ns of sdaznpl'mamdmdllun hallucimations. Ciher
less proven indicabons mchade cng;m'.ﬁv: deficat, e@cn:i.:]l}' wmis.ing memoTy: Thas tesxt
summarizes peneral knowledge about (rfTHS and its use in schizophrenda. According
to recerd srp:nuu:e-s. TS &= :.'.EL'_UP:nm:ising z:l.Pe::im.ﬂ'd:J mdﬂ'mupﬂrﬁ.cn\:ﬂmd.
but i needs further research for its optimized use.

K-zywm:d.n; transcranial m:.;g;n:h.n: shrmulabion, TS, rTHS, sdﬁmpl‘mu m—gaﬁv\e

1. Introduction

Transcranial magnetic stimmlation {TMS) represents a relatively new method used in neurc-
physiolegical research, in which it helps to measure varicus cortical phenomena, including
cortical inhibition, fadlitation, and neuroplasticity. Itis also used in the diagnosis and treatment
of certain neuropsychiatric diserders. This method is a neurcstimmulation (neuromodulation)
techmique as is elecirocenvulsive therapy, vagal nerve stimulation, deep brain stimulation,
transcranial direct current stimulation, and magnetic seizure therapy. Some neurostimulation
techmiques are invasive or semi-invasive; cthers, including TMS, are noninwvasive [1, 2].

INTECH & 2016 Thes Authar(s). Liceres e, T ¥ wrs
Al e L | Liwig
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2. TMS principles, parameters and mechanism of action

The princple of the TMS method is based on Faraday's law of electromagnetic induction,
formulated in 1831, This law states that aroumd the primary coil through which a time-varying
current is fowing, a changing magnetic field is created that is able to induce a secondary
current in conductors found within its reach. A patient’s brain may be cne such conductor. The
secondary current induced is, according to Lenz's law, in the direction opposing the primary
current. During TMS, an insulated metal cedl is placed over the patient's head that delivers a
changing electrical carrent producing a changing magnetic field perpendicular to the current
passing through the ceil. Magnetic pulses may be administered individually (single-pulse
TRIS), or in pairs a few milliseconds apart (paired-pulse THS), or repeatedly in a sequence or
“train” lasting from seconds to minutes (repetitive transcranial magnetic simulation or rTMS).
The frst two options are used primarily for research and diagnostic purposes; rTMS is used
mainly in the treatment of certain neurcpsychiatric diserders, including schizephrenia [1, 3].

Eepetitive transcranial magnetic simulation is defined by the number of pulses per second or
by frequency in Hertz (Hz). The frequency is categorized as “low-frequency” {"slow™) rTMS
with 1 Hz or less and “high-frequency” (*fast”) rTMS with more than 1 Hz {usually betwesn
5 and 25 Hzj. Another parameter of stimulation is its intensity expressed as the percentage of
the individual resting motor threshold (MT). The motor threshold is defined as the minimal
intensity of the stimulus able to produce muscle contracton in at least 5 of 10 successive trials
{usually in one of the small muscles of the hand, e.g., the abductor pollicis brevis) when the
stimulation is applied to the motor cortex. The most commonly used stimulation intensity
waries between B0% and 120% of the individual resting motor threshold. Other stimulation
parameters include the length of the frain of pulses, the duration of the pause between them
{“intertrain”}, the total mumber of pulses administered during one sessiom, the total number
of individual sessions, the stimulation ceoil localization, the type of coil (the most commenly
used type in rTMS is the “figure-of-eight coil”; there are also owval coils, conical coils eic | the
double cone coil is one of the most inmowvative types), and the coil's position, and crientation
on the patient’s head. The most frequent stimulation site is the dorsclateral prefrontal cortex
{DLPFC). This stimulation site is usually defined as the location 5 cm rosiral to the area of the
motor cortex, the stimulation of which determines the resting motor threshold. Another
method for the localization of the stimulation site uses the intemational system of EEG
elecirode placement 10/20; the most predse localization method is performed by sterectactic
neurcnavigabion An interesting modification of standard rTMS is pattern stimulation, with
theta burst stimulation (TES) as the most important [1-3].

Although the specific effect of rTM3 on neurciransmission is not entirely clear, it has been
provenrepeatedly that high-frequency rTMS (1010 20 Hz) increases brain excitability, and low-
frequency rTMS (1 Hz and lower) decreases it It has also been found that high-frequency rTMS
applied over the left prefrontal cortex (PFC) increases brain perfusion, and thus the metabolism
of this region, whereas low-frequency rTMS has the opposite effect [4].
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3. TMS5 in neurophysiological research of schizophrenia

TS with various single-pulse protecols and paired-pulse protocols is a useful tool for the
assessment of physiclogy of the human motor system, including cortical excitability, imhibitory
and excitatory mechanisms, conduction time, conmectivity, amd plasticity [5]. Moreower,
Camprodon and Pascual-Leone [5] suppose that this tool has properties that we now need to
understand across affective, behavioral, and cognitive circuits, to establish solid cirouit-based
models of neurapsychiatric dissases with the potential to affect clinical practice.

Ome of the phenomena, studied with TS, is corfical inhibition. Cortical inbabition (CI) canbe
defined as a neurophysiclogical mechanism by which GABAergic infermeurons influence the
activity of other neurons. Several studies have identified CI impairment in schizophrenia. CI
and CI impairment can be measured with a number of markers and protocols, induding the
cortical silent peried (C5F). CSF measurement consists of a suprathreshoald TMS pulse over
the motor cortex paired with voluntary eleciromyographic achivity, causing a cessation of
muscle movement. The duration of this movement cessation is a measure of CL It is thought
that C5F measures GABA, inhibitory activity. Another CI marker is short-interval cortical
inhibition (SICT). 5ICI measurement comsists of a subthreshold condifoning TMS pulse
preceding a suprathreshold pulse by several ms {1-5 ms). The amplitade of the motor-evoked
potential (MEF) is then measured; it should be reduced by 50-90%. This marker is thought to
measure GABA -mediated cortical inhibition [6-13]. Fecent studies show that CI impairment
can be improved with antipsychotics, especially cdozapine, but also with quebapine and
risperidone [13-15]. Kaster et al. [13] suggested that the potentiation of GABA, may be anovel
neuroiransmitier mechanism that is invelved in the pathophysiclogy and the treatment of
schizophrenia. Another recent study found Inhdbitory deficits direcily in the prefrontal corfex
specific for schizophrenia using a combination of TMS and elecdroencephalography (EEG) [9].
Camprodon and Fascual-Leome [5] suppose that this multimodal combination of TMS and
neuroimaging methods (EEG, magnetic resonance imaging, or positron emission tomography)
can achiewve TMS full potential —to measure the neurobiclogical effects of TMS even beyond
the mobor cortex.

4. Clinical application of TMS in schizophrenia

The most important use of TMS {or 1TTMS) is in the treatment of specific symptoms or syn-
dromes of schizophrenia, espedally negative symptoms and auditory hallucinations. Other
less proven indications inm schizrophrenia include cognitive defict, catatonic symptoms,
obsessive-compulsive symptoms, and comeorbid nicotine abuse (through the decrease of

Taving).
4.1. Negative symptoms

There is a consensus that the negative symptoms of schizophrenia include symptoms of
affective flattening, alogia, aveliion, social withdrawal, and anhedonia. The sympioms of
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inattention, poverty of content of speech, and inappropriate affect are also often assigned in
measuring scales mainly due to the clinical evaluation of the overall disorganization seen in
patients with schizophrenia [1€].

Severity of negative symptoms in schizophrenia is usually linked with worse funchional
outcomes, incduding specific relafionships with impaired occupational funchicning, househeld
integration, secial functioning, engagement inrecreational activities, and quality oflife [16 —18].

Negative symptoms are often associated with hypofrontality and with alack of dopamine in
the prefrontal cortex [19, 20].

2.1.1. Effect of rTMS in the prefrontal cortex

Some authors have found that high-frequency rTMS could increase cortical excitability and

the metabolic activity of targeted neuromns [21, 22]. Prefrontal rTMS also modulates dopamine

relzase inthe dorsal striatum and in the nucleus accumbens in Wistar rats [23]. High-frequency

rTMS of the DLPFC induces the release of dopamine in the ipsilateral mucleus candatus in

healthy volunieers, and it causes downregulation of the 5-HT2 receptors in the frontal cortex
24 25).

The change of the expression of glutamic add decarboxylase, which is the synthetic enzyme
of the precurser of GABA, could be also medified by rTMS. This finding may be important
because the severity of negative symptoms has been found to be inversely related to benzo-
diazepine receptor binding in the medial fromtal region [26].

These findings have led to the hypothesis that high-frequency rTMS applied at the prefrontal
cortex may be an effective treatment of negative symptoms in schizophrenia, and many shudies
were published on this topic.

4.1.2. Current results of rTMES in the treatment of negalivg symploms

We summarize in this text the results from three meta-analyses and from recent articles that
are not a part of the last meta-analysis by Shi et al. [27].

The first meta-analysis reviewed eight double-blind studies and found that rTMS had a mild
to moderate (d = 0.58) effect on alleviating the negative symptoms of schizophrenia [258]. The
second meta-analysis evaluated nine double-blind studies with more than 200 enrclled
patients [29]. When studies with any high-frequency siimulation of the laft PFC wers evalu-
ated, the effect size of the freatment was low (d = 0.23); when the analysis incuded only shudies
with a 10 Hz frequency, the effect size of the treatment was intermediate (d = 0.63) [29]. The
results of the third, most recent, meta-analysis suggest that rTMS is an effective treatment
option for negative symptoms in schizophrenia. This meta-analysis included 16 studies. The
moderators of 'TMS on negative symptoms included duration of illness, stimulation frequen-
oy, stimulation intensity, and the type of cutcome measures used (the effect size of rTMS on
negative symptoms in sham-conirolled frials was 0.80 as measured by the Scale for the
Assessment of Negative Symptoms— SANS and 0.41 as measured by the Positive and Negative
Syndrome Scale—PANSS) [27].
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The authors of the third meta-analysis formulated some recommendations for the treatment
of megative symptoms by rTMS based on the available results, which show that long-term
stimulation (3 weeks or more) has a better effect than short-term stimulation. The best effect
was with 10 Hz rTMS and 110% of individual MT. The number of pulses is also important—
the effect is greater when the patient receives a higher mumber of pulses [27].

A recent study by Wobrock et al. included a sufficiendly large sample (175 patients), but no
statistically significant effect of 'TMS was found in the improvement of negative symptoms in
the active group compared with the sham group. The stimulation protocel was 15 sessions of
10 Hz stimulation of the left DLPFC, 110% MT, 5 s train and 30 s intertrain, and 15,000 pulses
in the whole study. Howewer, less-precise method was used for targeting the left DLPFC (the
international system of EEG elecirode placement 1020, F3 elecirode), and patients received a
relatively small number of pulses, although the last meta-analysis indicated that a higher
number of pulses have a better effect [30].

In another double-blind study, 117 patients with negative symptoms were randomized to a 20-
day course of either active rTMS applied to the left DLPFC (it was targeted to 5 am anterior to
the peoint where maximum stimulation of the abductor pellicis brevis muscle was observed)
or sham rTMS. The stimulation protecol was 10 Hz frequency, 4 s train and 56 s infertrain,
20 man each day, 80% MT, and 800 pulses per day. They reported that freatment with high-
frequency rTMS for & weeks significantly improved negative symptoms in the active stimula-
tion group as compared to the sham group. The decrease in negative symptoms persisted to
the &-month follow-up assessment [31].

Dlabac-de Lange et al. evaluated the effect of bilateral rTMS of DLFFC in schizophrenia
patients with negative symptoms. The Tower of London (TeoL) task during fMEI was used to
measure the brain function of the DLPFC. The simulation protocol was 10 Hz frequency, 15
sessions (divided into 3 weeks), 10 s train and 50 s intertrain, and 90% MT. Patients received
20 trains in one stimmulation session. The brain activity in the right DLFFC and in the right
medial frental gyrus showed an increase in the active stimmlation group after the stimulation,
and the left posterior cingulate showed a decrease in brain achivity after rTMS freatment of the
DLFPFC. No significant differences were found in task performance between the sham group
and the active group after the treatment with r'TMS. A significant difference was found in SAINS
but not in PARNSS. The limits of the study can be seenin the localization of the DLPFC (targeted
by F3 and F4 location from the EEG 10/20 system), in the small sample size (total of 24 patients)
and in its heterogeneity, as there were significant differences between the active and sham
groups at the beginning of the study [32].

4.1.53. New paradigms of rTMS in the treatment of negative symploms

The authors of a recent study compared %6 patients whe received 10 and 20 Hz, theta burst
stimulation (TBS) and sham stimulation. The 10 Hz simulation was only 80% MT at the be-
ginning, and the intensity was gradually increased to 110% MT. Patients received 30 trains in
one stimulation day, one stimulation interval was 5 5 of the frain and 30 s of the infertrain
The stimmlation was divided into four weeks (20 stimulation sessions). The 20 Hz stimula-
tion had the same stimulation parameters as the 10 Hz stimulation. In TBS, the basic frain
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had a frequency of 5 Hz, and the stimulation was given every 200 ms. Three single pulses
{50 Hz) were embedded within each 5 Hz pulse, on 80% MT, and each session had 2400
pulses. The TBS group had significantly larger reductions in SANS and PANSS negative
subscale scores than the 10 Hz group and the 20 Hz group, but there were no significant
differences in the two scales between the 10 and 20 Hz groups. There was a reduction in the
scores in the mentioned scales in all groups with active stimulation compared with the sham
group stimulation [33].

The cerebellum and cortico-thalamic-cerebellar circait have also been included in the patho-
physiclogy of schizophrenia. In patients with schizophrenia, some cerebellar dysfunchions
were found, such as neurclogical soft sigms, impaired eyeblink conditioning, procedural
leaming deficits, dyscoordination, abnormal posture, and poor cognitive performance. Festing
state gamma achivity is supposed to be a bicmarker related to funchonal brain connectivity.
Ome study iried to investigate the effect of cerebellar 1TTMS on resting state gamma activity.
The efficacy of cerebellar rTMS was tested in 11 recemi-onset schizophrenia patients who
received 10 sessions of high-frequency rTMS to the midline cerebellum over a 2-week period.
A significant decrease in negative symptoms and depression scores was observed after the
rTMS treatment. Gamma speciral power in left frontal and temporal segments was reduced
significantly after this freatment. In light of these preliminary results, cerebellar rTMS could
be a useful innovation for the freatment of negative and affective symptoms in schizophrenia,
but this has to be confirmed im further studies [34].

4.1.4. Negative symrptoms amd rTMS — summary

Recent guidelines state that high-frequency tTMS of the left DLPFC has a probable effect in
the treatment of negative symptoms of schizophrenia (Level B evidence) [35].

A number of double-blind studies alse proved a statistically significant decreass in the
intensity of negative schizophrenia symptoms when current antipsychotic treatment was
augmented with rTMS5; the actual cinical significance of this procedure is disputed [2].

Amnother issue is represented by antipsychotic and other medication used in the treatment of
patients with schizophrenia According to some studies, this medication could negatively
influence the activation induced by rTMS [36, 37].

rTMS represents a promising direction in the treatment of negative symptoms in schizophre-
nia, but it is necessary to improve current stimulation protocels (to use different frequencies
in different areas, to investigate the effects of intensive stimulation protocels, and to investigate
new targets such as the cerebellum).

4.2, Auditory hallucinations

Auditory verbal hallucinations (AVH), perceptions of voices in the absence of external stimuli,
are a fundamental feature of mental illness and one of the dharacteristic symptoms of schizo-
phrenia with high clinical importance [38]. AVH are reported by 50-70% of patients with
schizophrenia, and in about 25-30% of patients, AVH are resistant to antipsychotic medication
[39]. rTMS could be an additional therapeutic tool for AVH in schizophrenda [40].
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4.2.1. Effect of rTMS on aditory kallucivations

The positive impact of rTMS on AVH can be seen in the inhibifion of increased activity in the
left temporoparietal cortex (TPC) (Broadmann area 40). This increased activity is repeatedly
proven during halludnations using brain imaging methods. This area is supposed to be
involved in the perception of speech. The repeated stimulation of this area with a frequency
of 1 Hz (low-frequency rTMS) induces a long-lasting decrease in the frequency and severity
of medicabion-resistant AVH [41].

2.2 2. Cwrrent results of clinical studies and meta-analyses

The first study that applied rTMS as a therapeutic instrument for AVH was performed by
Hoffman et al. in 13%%. They postulated that low-frequency rTMS (1 Hz frequency) deliversd
to the left TPC would curtail auditery hallucinations by reducing the excitability of distributed
neurccircuitry [39]. Since then several studies have been performed; some studies with positive
results and others with negative results. All these studies were included in several meta-
analyses.

The authors of the first meta-analysis observed a significant mean weighted effect size for ’TMS
wersus sham stimulation, across 10 studies imvolving 212 patients (d = 0.76). The main cutcome
measure was the reduction in hallucnations as measured with appropriate psydhometric
rating scales. A typical hallucination rating scale is the Auditory Hallucinations Rating Scale
{AHRS), which is a seven-item scale measuning frequency, reality, perceived loudness, number
of different speaking voices, length of hallucnations (single words, phrases, sentences, or
extended discourse), attentional salience (the degree to which hallucinations captured the
attention of the patient), and distress level. When studies reported on multiple brain areas that
were targeted with rTMS, only the left TPC was included. When only studies were incuded
that used continmons stimulation (nine studies), the mean effect size increased to d = 0.65. Te
investigate whether the number of stimulation session would be an important variable, they
compared studies with fewer than five simulation sessions (four studies) to those with more
than Gve simulation sessions (six studies); there was no significant improvement. Two shudies
that induded PANSS reported that TS had no significant effect on the PANSS positive
subscale. Thus, the observed effect was specific to auditory hallucnations. There was no
significant effect of rTMS on a composite index of general psychotic symptoms. The results
provide support for the efficacy of the freatment in reducing the severity of AVH [42].

The second meta-analysis induded ten studies with 232 patients. All these studies used low-
frequency rTMS of the left TPC on patients with schizophrenia and treated and measured
medication-resistant AVH. They exiracted outcomes from several scales for assessing AVH:
Halludnation Change Scale (HCS), Auditory Hallucinations Rating Scale (AHRS), Severity of
Auditory Halludnations (SAH scale), Psychotic Symptom Eating scale — Auditory Hallucina-
tions Subscale (PSYRATS-AH), and Positive and Negabive Syndrome Scale—Auditery
Hallucinations Item (PANSS-AH). The HCS seems more sensitive to rTMS effects on AVH,
while most studies using AHES reported negative results. The authors observed significant
effect size (Hedges' g=0.514) [43].
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The third meta-analysis was performed by Freitas et al. [28]. The authors specifically analyzed
the effect on auditory hallucinations in seven sham-conirolled studies and found a large and
significant effect size for the sham-conitrolled studies (1.04; p=0.002). They observed the need
for individual assessment of the functional anatomy of halludnations, using hallucination-
activation maps obtained either by PET or IMFEI, and sterectaxdcally determined the stimula-
tion site following individual fMEI detecHon of inmer speech regions instead of less
sophisticated approach including coil position using the international 10/20 EEG electrode
system in TF3 site, which might enhance TMS efficacy [23]. A crifical finding in a study by
Hoffman et al. concerned the discrepancy between the fWEI-guided TPC sites used in their
trial and the standard TP2 which had little to no overlap [44]. Moreover, in a study by Sommer
et al, ive of the seven patients undergoing functional guided rTMS had predominant right-
sided hallucinatory activity and were therefore stimulated over the right TPC [25, 43].

Amnother three meta-analyses were published by Slotema et al. [41, 46, 47]. According to the
first one, with seven randomized comtrolled trials and 189 patients included, rTMS was
superior to sham treatment, with a mean weighted effect size of 0.52 [4€]. The second meta-
analysis included 17 studies. The mean weighted effect size of TMS directed at the lefi
temporoparietal area was 0.44. But the effect of 17TMS was no longer significant at one month
of follow-up care (according to five studies with a follow-up assessment of at least one month)
[47]. The most recent meta-analysis by Slotema induded 19 studies with a total number of 528
patients. The mean weighted effect size for the treatment of auditory halludnations was 0.44.
No significant mean weighted effect size was found for the severity of psychoesis. For patients
with medication-resistant anditory hallucnations, the mean weighted effect size was 0.45.
Eepetitive franscranial magnetic stimulation applied at the left temporo-parietal area with a
frequency of 1 Hz yielded a moderate mean weighted effect size of 0.63, indicating the
supericrity of this paradigm. Various other paradigms failed to show superior effects. 'TMS
applied at the right temporo-parietal area was not superior to sham treatment. The authors
concluded that rTMS, especially when applied at the left temporo-parietal area with a
frequency of 1 Hz, is effective for the treatment of anditory halludnations, induding for
patients with medication-resistant hallucnations [41]. The mitation of all 'ITMS shadies is the
placebo, because of the difficulty of reproducing the noise and the scalp sensation (including
superficial muscle coniractions) of the active treatment. The initial method of producing a
placebo effect was to Hlt the coil at 45° or 30°. Howewver, this method dearly unmasks it to
patients who were previously treated with r'TMS or for those in a crossover design. The more
recent methods involve using a completely similar sham coil. Another significant limitation of
these studies is the comcomitant pharmacotherapy in all subjects. Several pharmacological
treatments may interfere with treatment response, by modifying cortical excitability, by
preventing the tramssymaphic transmission of rTMS, or by interfering with the cerebral
plasticity effects induced by rTMS [43].

4.2.3. Auditory hallucinations and rTM S — summary

The results of all of these meta-analyses show that 1 Hz rTMS applied at the left temporo-
parietal area is effective in the treatment of auditory hallucinations (evenin treatmnent-resistant
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patients), but the effect is of a relatively short duration (shorter than in patients with depressive
disorder). In the trials covered in the meta-analysis by Slotema et al. [47]. the effect of rTMS
or AVH was no longer significant at the one-month follow-up visit. This short duration of the
effect of rTMS is a matter of concern. A daily treatment of 2—4 weeks with a small treatment
effect combined with a short duration may call into question its utility as a meaningful
treatment for patients troubled by persistent symptoms [47]. The treatment of other positive
symptoms with rTMS is ineffective. Recent guidelines state that low-frequency TS of the
left TPC has a possible effect in the treatment of auditory hallucinations (Level C evidence);
for other paradigms (high-frequency rTMS or continuous theta burst stimulation —cTBS),
there are no recommendations [35].

4.3. Other indications

The treatment of other symptoms, syndromes, and comorbid conditions in patients with
schizophrenia is less proven. Some studies focused on the cognitive effects of rTHS in
schizophrenia. Their results were heterogeneous. A meta-analysis included four studies of
high-frequency rTh5 at the DLPFC and its effect om working memory. The authors conchuded
that rTMS significantly improved all measures of working memory performance [48]. But a
recent study failed to prove a superior effect of rTMS over sham stimulation in the improve-
ment of various cognitive domains im 156 schizophrenia patients with predominant negative
symptoms [4%]. Recent guidelines state no recommendations for the treatment of cognitive
deficit in schizophrenia [35].

Three case studies described rTMS in the treatment of catatonic symptoms in patients with
schizophrenia—the improvement in two cases was rapid and suffident; the last case was
negative [50].

A similar situation was seen in the treatment of obsessive-compulsive symptoms associated
with schizophrenia. Two case studies with positive results were published, but the effect was
orly transient, and a recent pilot study had negative results [51, 52).

TMS offers an interesting option for the treatment of comorbid misuse of alcohol, nicotine, and
other paychotropic substances. Two studies proved the effect of high-frequency rTMS at the
left DLPFC on the reduction in cigarette consumption in patients with schizophrenia [53, 54].

TMS could also influence other less spedfic symptoms which are presents in schizophrenia as
well as in other mental disorders, such as attention deficit or impulsiveness.

5. Future directions

It is possible to distinguish between two categories of factors associated with the efficacy of
rTMS in schizophrenia: (1) dlinical factors and (2) factors associated with rTMS, especially
stimulation parameters.

Clinical factors include heterogeneity of symptoms of schizophrenia treated with rThS,
especially negative symptoms. Prikryl et al. analvzed negative symptoms influenced with
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rTMS using five domains of SANS (affective fattening/Plunting, alogia, avoliion/apathy,
anhedonia, and impaired attention). The stimulation improwved all domains, except for alogia
[4]. To improwve the results with rTMS, the definibion and the prediction of responders are
needed. This could be achieved using markers of impaired cortical inhibifion and neuroplas-
ticity — especially when TMS (with the potential to measure cortical inhibition and its changes)
and EEG or other neurcimaging methods (MEL IMEL SPECT, PET) are combined. Tikka et al.
described significant correlation between the reduction in negative and depressive symptoms
in patients with schizophrenia and the reducton in gamma speciral power in left frontal and
temporal segments after cerebellar rTMS. The authors suggest resting state gamma speciral
power in frontal and temporal regions for a biomarker of treatment response [55]. Homan et
al. described that responders were robustly differentiated from nonrespenders to ITMS by the
higher regional bloed flow in the left superior temporal gyrus before treatment for AVH. The
authors conclude that resting perfusion measurement before treatment might be a clinically
relevant way to identify possible responders and nonresponders to rTMS [5€].

The optimization of stimulation parameters is another important issue. New stimmlation
targets (for example, the cerebellum or anterior dngulate), better and mere predse methods
of stimulation coil placement (sterectactic navigation), new coil types (double cone coil, maybe
H-coils for deep TMS), stimulation frequency (individual frequency), intensity, number of
pulses (higher number of pulses), and the number of stimulation sessions (infensive stimula-
tion) are also subjects of current research. This research can provide datfa for new and inno-
wvative stimulation paradigms, which are needed for 2 more robust dindcal effect of TMS in
schizophrenia.

6. Conclusion

ThIS is a very promising research and therapeutic method for patients with schizophrenia. It
is a wseful tool for researching cortical inhibition and neuroplasticity. The most important
application of TMS (or 'TMS) is in the treatment of some symptoms or symdromes, especially
negative symptoms (high-frequency TS5 at the left DLPFC) and auditory hallucinations
{low-frequency rTMS at the left TPC), and maybe even cognitive deficit. The results of clinical
studies are promising, but further research is needed to optimize the treatment results.
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