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Abstrakt

Dystonie je definovdna jako mimovolni kontrakce svali puisobici abnorméalni pohyby
nebo postaveni ruznych ¢asti téla (modifikovino dle (Fahn, 1987)). Pisaiska kieC je
nejcastéj$im zastupcem tzv. task — specific fokalnich dystonii.

V prvni studii jsme hodnotili, zda se u pacientl s pisaiskou kieci (GF) li§i vzorec
kortikalni aktivace pifi provadéni pohybtl, které mohou dystonii indukovat (komplexni
pohyby) a pohybu, které ke kieci obvykle nevedou (jednoduché pohyby). U komplexnich
pohybli jsme navic studovali vyznam obsahu psaného projevu a vyznam pfitomnosti ¢i
absence vizudlni zpétné vazby. Ackoliv komplexni pohyb béhem fMR vySetieni nevedl u GF
pacientd ke vzniku dystonické kiece, byla u nich na rozdil od jednoduchého pohybu
zaznamenana abnormalné sniZzena kortikalni aktivita. Nezalezelo pfitom ani na charakteru
pisemného projevu ani na ptitomnosti vizualni zpétné vazby. Nase vysledky tak podporuji
teorii o dualistickém chovani sensorimotorického systému u GF.

Cilem druhé¢ studie bylo ovlivnit piiznaky pisatrské kieCe pomoci repetitivni transkranidlni
magnetické stimulace cilené na kontralateralni primani somatosensorickou ktru (SI rTMS).
Jednalo se o placebem kontrolovanou, jednoduse zaslepenou studii. Prokazali jsme, ze SI
rTMS vede k dlouhodobému zlepSeni psani u pacientii s pisarskou kieci. Naopak po aplikaci
placebo rTMS nedoslo k signifikantnimu zlepSeni u zadného z pacientd. Kromé& klinického
efektu na psani byly po aplikaci realné rTMS patrné i zmény aktivace rozsahlych korovych
oblasti v obraze fMR, hlavn¢ v pribéhu aktivnich pohybt postizené koncetiny. Tyto zmény
jsou patrné vysledkem reorganizace mozkové kiiry vlivem rTMS.

Ve teti a ¢tvrté studii jsme se pokusili ovlivnit klinické ptiznaky vzacnych dystonickych
syndromti pomoci hluboké mozkové stimulace (DBS) globus pallidus pars interna (GP1).
V prvnim pfipad¢ se jednalo o pacienta s fenotypem syndromu dystonie - hluchota, u kterého
byla DBS indikovana po vycerpani farmakologické terapie pro tézkou cervikalni dystonii.
Dystonie u pacienta zplisobovala zadvazné polykaci a dychaci obtiZze. Po implantaci elektrod
doslo k vyraznému zlepSeni stavu - poklesu skore Burke — Fahn — Marsdenovy $kaly dystonie
(BFMDS) 0 75%. V druhém ptipad¢ se jednalo o pacienta s novou mutaci THAP 1 genu DYT
6 dystonie. U pacienta doslo k rozvoji status dystonicus, rezistentnimu na veskerou 1€¢bu. Po

implantaci elektrod doslo opét k dramatickému zlepseni stavu — pokles BFMDS o 85%.



Summary

Dystonia is a neurological syndrome characterized by the involuntary contraction of
opposing muscles, causing twisting movements or abnormal postures (modified by Fahn,
1987). Writer’s cramp is the most common form of task-specific focal dystonia.

In the first study, patients with writer’s cramp were evaluated for differences in
cortical activation during movements likely to induce cramps (complex movements) and
movements which rarely lead to dystonia (simple movements). Although complex patient
movements during fMRI were never associated with dystonic cramps, they exhibited
abnormally decreased cortical activity. This was not observed in simple movements and was
unrelated to the character of handwriting or the presence/absence of visual feedback. Our
results support the theory of dualistic sensorimotor system behavior in writer’s cramp.

As the somatosensory system is believed to be affected in focal dystonia, we focused
on modulation of the primary somatosensory cortex (SI) induced by repetitive transcranial
magnetic stimulation (rTMS) in the second study, in order to improve writer’s cramp. In
conclusion, 1 Hz rTMS of the SI cortex can improve manifestations of writer’s cramp while
increasing cortical activity in both hemispheres. Handwriting as well as subjective assessment
improved in most patients, and lasted for two to three weeks. The beneficial effects of rTMS
paralleled the functional reorganization in the Sl cortex and connected areas, reflecting the
impact of the somatosensory system on active motion control.

In the third study we presented a case involving deep brain stimulation (DBS) of the
globus pallidus interna (GPi) and its positive clinical effects in a 30 year old male with
dystonia-deafness phenotype, with severe cervical dystonia and swallowing and breathing
difficulties. GPi-DBS resulted in dramatic improvement of dystonia documented by a 75% m

DYT6 is an early-onset dystonia caused by variable mutations of the gene encoding
the thanatos-associated protein (THAP1). In the fourth study we described a novel mutation
of the THAPL gene in two siblings (male and female) with rapid generalization to life
threatening status dystonicus in the male. In contrast to the seven previously reported patients,
we observed excellent response to bilateral Gpi-DBS determined by an 85% decrease in
BFMDS.
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A. Obecna c¢ast

1. Uvod

Oblast neurovéd 1 klinické neurologie prodélala za nékolik poslednich desetileti
prudky rozvoj a vsoucasnosti vime o etiopatogenezi neurologickych onemocnéni
mnohonasobné vice nez nasi predchidci. Nové poznatky o pfi¢inach a mechanismech vzniku
jednotlivych onemocnéni vedly v mnoha ptipadech i kK novym moznostem lécby. Nicméné
stale existuji onemocnéni, jejichz etiopatogeneze neni zcela objasnéna a Casto i jejich 1écba
neni uspokojiva pro pacienty ani pro lékafe. Mezi tato onemocnéni se fadi 1 dystonie, které
jsem si vybrala za téma své prace.

Na nasledujicich strankach se pokusim pfispét svymi vysledky k dalSimu porozuméni

patofyziologickych mechanismil dystonii a hlavné pak k novym moZnostem jejich 1écby.

1.1. Extrapyramidova onemocnéni a jejich formy

Dystonie fadime mezi tzv. extrapyramidova onemocnéni, coz je z dneSniho hlediska
jiz neptesny historicky nazev, ktery vyjadfoval, Ze tyto poruchy vznikaji pifi postizeni
centralniho nervového systému mimo pyramidovou drahu. Dnes vime, ze tato onemocnéni
jsou zpusobena poskozenim bazalnich ganglii, nékterych kmenovych jader, jejich spoji a
navazujicich drah. (Rtzi¢ka et al., 2000)

Onemocnéni extrapyramidového systému klinicky rozdélujeme na dvé zékladni
skupiny. Na syndromy tzv. hypokinetické, projevujici se neschopnosti ¢i zpomalenim pohybti
a ztuhlosti, kam patii pfedev§im Parkinsonova nemoc a ostatni parkinsonské syndromy. A na
syndromy tzv. hyperkinetické, které jsou naopak charakterizovany abnormalnimi pohyby.

Sem fadime ties, choreu, balismus, dystonie, myoklonus a tiky.

1.2.  Dystonie a jejich formy

Dystonie je definovana jako mimovolni kontrakce svalt ¢i svalovych skupin podle
relativné neménného motorického vzorce pulsobici abnormdalni pohyby nebo postaveni

ruznych casti téla (modifikovano dle (Fahn, 1987)). Elektrofyziologicky se jedna o tzv. ko —
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kontrakce svalu t.j. nefyziologické soucasné stahy agonistickych i antagonistickych svalu,
které pozorujeme pii EMG vySetieni.

Dystonie muzeme délit podle fady kritérii — podle véku pocatku, vyskytu, etiologie
anebo podle distribuce dystonickych obtizi. V této praci se budu nadale drzet déleni dle
distribuce, podle kterého rozdélujeme dystonie na generalizované, segmentalni, multifokalni a

fokalni.

1.3.  Fokalni dystonie

Fokalni dystonie jsou podskupinou dystonii vdzanych pouze na urc€ité skupiny svalt.
Podle jejich lokalizace rozliSujeme fokalni dystonie v oblasti obliceje — dystonie
periorbitalnich svall tzv. blefarospasmus, dystonie perioralni, orofacialni a oromandibularni.
V oblasti $ije vznika nejCastéj$i forma fokdlni dystonie tzv. cervikélni dystonie neboli
torticollis spastica. V oblasti hlasivek se muize vyskytnout relativné vzacna laryngealni
dystonie. Na koncetinach vznikaji fokalni dystonie prevazné akralné, a to jak na hornich tak i
na dolnich konéetinach. Zvlastni podskupinou konéetinovych fokalnich dystonii jsou tzv. task

specific fokalni dystonie, o kterych bude pojednano dale.

1.4.  Task - specific fokalni dystonie (TSFD)

TSFD jsou charakterizovany vazbou dystonickych projevii na urcitou specifickou
¢innost (Rosenbaum and Jankovic, 1988). Piedpokladem pro rozvoj této dystonie je nadmeérna
zatéz urcitych svalovych skupin vramci specifické repetitivni Cinnosti. Z této definice
vyplyva i jejich distribuce, drtivad vétsina TSFD je vdzdna na akrdlni svaly horni koncetiny,
zbytek je pak vazdn na periordlni svaly a vyjime¢né i na akrilni svaly dolni koncetiny.
NejcCastéjsi a nejdéle znadma forma TSFD je pisaiska kiec (grafospasmus). Ale do této skupiny
fadime 1 klinicky rozmanité kieCe hudebniki, které se mohou objevit pfi hie na jakykoliv
hudebni néstroj. Pfi hie na klavesové a strunné néstroje jsou vazadny na drobné svaly ruky ¢i
svaly predlokti, pfi hfe na dechové ndstroje postihuji periordlni svaly a zhorSuji nebo
znemoziuji natisk.

V kazdé dobé& se objevuje tfada novych forem TSFD, které souvisi s védeckym a
technickym rozvojem lidstva. V minulosti to byla napft. kie¢ pii psani na psacim stroji ¢i kie¢
telegrafist, dnes jsou to pfedevsim kiece pii praci s pocitacovou mysi, kie¢ pfi psani na
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klavesnici, ale také kiece zamecniki, technikd atd. Patofyziologické mechanismy i metody
1é¢by jsou az na drobné odchylky (Rosenkranz et al., 2005) prakticky shodné s patofyziologii

a terapii pisarské kiece.

1.5. Pisarska kreé

1.5.1. Uvod

Pisafska kie¢ (grafospasmus) (GF) je nejéastéjsim zastupcem task — specific fokalnich
dystonii. Prvni popis tohoto onemocnéni je znam zr. 1836, kdy némecky 1¢kat J. H. Kopp
popsal velice vérné klinické obtize 50letého pacienta, profesionalniho pisafe (Goetz et al.,
2001). O nekolik desitek let pozdéji popsal Duchenne kie¢ v oblasti ruky jako funkéni stah
svali (Duchenne, 1861), o 17 let pozd¢ji se domnival Gowers (Gowers, 1888), Ze se jedna o
neurotickou zalezitost. Mnoho desetileti pretrvavaly pochybnosti o organickém ptivodu
pisaiské kiecCe, az vr. 1982 se objevila klicova prace, kterd potvrdila jeji organicky ptvod.
(Sheehy and Marsden, 1982)

Onemocnéni se vyvine nejcastéji bez jasné vyvolavajici pficiny, 1 kdyZ byly popsany
ptipady rozvoje GF v ¢asové souvislosti S urazem ruky, perifernich nervii, kraniocerebralnim
poranénim, nebo dlouhodobou bolesti ruky. (Cohen and Hallett, 1988; Jankovic, 2001; Katz
and Williams, 1990) Recentni rozsahla studie s vice nez 100 pacienty vSak vétSinu téchto
rizikovych faktorti jako vyvolavajici moment pisaiské kiece nepotvrdila. (Roze et al., 2009)
Riziko rozvoje pisatské kiece se zvySovalo pouze s celkovym €asem stravenym pii psani, dale
pfi nahlém pocatku velké psaci zatéze a po kraniocerebrdlnim traumatu s bezvédomim.
Samotny rozvoj onemocnéni se zda byt disledkem plsobeni rizikovych faktorti a urcité

predispozice pacienta v¢etné genetickych vlivi. (Dhaenens et al., 2005; Ritz et al., 2009)

1.5.2. Prevalence pisaiské kiece

Prevalence je udavana v dostupné literatufe rozdilné od 7/100 000 obyvatel
(Kanovsky, 1999) po 2.7/1 000 000 (Tsui and Calne, 1995). Ale vzhledem k tomu, ze pisaiska

kiec je spiSe poddiagnostikovdna, miize byt prevalence jesté vyssi.
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1.5.3. Klinicky obraz pisarské kiece

Diagndza pisafské kiece je postavena predevsim na klinickych projevech. Pocatek
onemocnéni je nendpadny, prvnim piiznakem muze byt pocit snadné unavitelnosti ruky pti
psani. Poté si zaCina pacient v§imat zmény postaveni ruky pfi psani, jejiho staceni a kiece
v predlokti ¢i prstech. Tyto obtize postupné vedou ke klasickému klinickému obrazu
grafospasmu - k abnormalnimu postaveni ruky, které se objevi kratce po zac¢atku psani. Psaci
nacini je drzeno velmi silné, zapésti mize byt tazeno ulnarné a vzhiru, nékdy navic dochazi
ke kompenzaéni elevaci lokte. Pacienti pfi snaze o psani mohou pero v ruce drzet jako dyku
nebo psat jen perem o velkém priiméru nasadky, protoze se snazi zménit zptisob uchopeni
pera a postaveni ruky pii psani a oddalit tim spoustéci mechanismus dystonické kieCe. Dale
mohou byt pfitomny nepiijemné pocity V oblasti zapé&sti a prstii. Nékdy pacienti citi pfi psani i
pomérn¢ vyraznou bolest. Nékteii pacienti feSi svij problém tak, Ze se nau¢i psat
druhostrannou koncetinou, ale az u 25% téchto pacientli se vyvine pisatska kiec i na pivodné

nepostizené strané. (Sheehy and Marsden, 1982)

1.5.4. Typy pisarské kiece

Pisarska kie¢ se obvykle d€li podle klinickych projevii na dvé zakladni formy —
simplexni a dystonickou (Tsui and Calne, 1995). U simplexni formy je dystonicka kie¢
vazana skuteéné pouze na psani, u dystonické formy se obtize v rizné mitfe vyskytuji i pti
jiném vyuziti jemné motoriky — napf. pii holeni, nanaSeni make — up, manipulaci s ptiborem,
Siti apod. Asi u tietiny pacientll Se nejprve rozvine forma simplexni a S postupem casu
onemocnéni piechazi do formy dystonické. V nékterych piipadech se po letech dystonické
formy grafospasmu miiZze vyvinout 1 klasickd fokalni dystonie horni koncetiny, ktera jiz neni
pfitomna jen pii specifickych ¢innostech (neni task — specific).

Déle je mozné pisaiskou kie¢ délit dle etiopatogeneze na formu primarni a sekundarni.
Prikladem sekundarni formy pisafské kiece je jeji vznik jako prvni priznak Parkinsonovy
choroby u pacientt mladsich 40 let (Katchen and Duvoisin, 1986). Z literatury je znam vznik
TSFD pi#i ischemii v oblasti sulcus postcentralis kontralateraln¢ k postizené strané (Burguera
et al., 2001) nebo vznik fokalni dystonie (v tomto pfipadé ne task — specific) pii ischemii

Vv ipsilateralni mozeckové hemisféte. (Alarcon et al., 2001)
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1.5.5. Genetické podklady pisai'ské kiece

Pisarska kie¢ nepatii mezi onemocnéni, kterd by byla dédi¢néa ve smyslu mendelovské
dédi¢nosti. Nicméné v literatufe se stale vice objevuji zminky o familidrnim vyskytu pisatské
kteCe, zvlast¢ u pacientll s Casnym pocatkem onemocnéni (do 20 let véku). Byla popsana
mutace DYT 1 genu (jinak zplisobujici idiopatickou torzni generalizovanou dystonii), ktera
byla asociovana s pisaiskou kieci. (Gasser et al., 1996; Gasser et al., 1998; Ritz et al., 2009;
van den Bos et al., 2004) V dalsi praci vSak podobné asociace prokazany nebyly (Kamm et
al., 2000). Souhrnné lze fici, Ze po dédiéném pluvodu pisaiské kieCe je vhodné patrat u
pacientd s rodinnym vyskytem této diagnézy, ¢i jiné formy dystonie a dale u pacientd

s ¢asnym pocatkem obtizi.

1.5.6. Patofyziologické mechanismy vzniku pisarské ki‘ece

Pfesny mechanismus vzniku pisafské kifeCe neni dosud objasnén, podle studii
Z poslednich let se pfedpokladd, Ze se jedna o velmi komplexni proces, ktery zahrnuje

postiZzeni somatosensorického a motorického systému vcetné jejich integrace.

Somatosensoricky system a patogeneze pisarské krece

Zmény byly u pacientli s pisafskou kieci prokdzany ve struktuie a denzit¢ Sedé hmoty
primarni somatosensorické ktry (SI), kdy v prvni publikované studii na toto téma bylo patrno
pii morfometrickém méfeni oboustranné zesileni Sedé hmoty v oblasti SI (Garraux et al.,
2004), vnovgjsi studii pak naopak nalezli snizeni denzity Sedé hmoty jen kontralateralné
k postizeni koncetin¢ (Delmaire et al., 2007). Tyto nalezy je nutné dat do kontextu s nize
uvedenymi funk¢nimi zmény somatosensorickych okruhti.

V roviné neurochemické byla prokazana nizsi hladina kyseliny gama-aminomaselné
(GABA), kterd ma obecné inhibi¢ni efekt. Snizeni hladiny GABA bylo pozorovano
V kontralateralni somatosensorické, ale 1 motorické kiife a téz v ncl. lentiformis u pacientl
s pisafskou kte¢i (Cimatti et al., 2007; Levy and Hallett, 2002). Pokles jeho hladiny a zmény
GABA receptort jsou nyni davany do souvislosti s poruchou intrakortikalni inihibice.

Pi1 elektrofyziologickych studiich byly patrny zmény somatosensorickych

evokovanych potencidlti (SSEP), ptedevsim zvySeni amplitudy precentralni komponenty N30
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(Reilly et al., 1992), ale v jiné studii pak zadny signifikantni rozdil u pacientii pozorovan
nebyl. (Murase et al., 2000) Zajimavé jsou i vysledky studie, ktera hodnotila SSEP pied a
Vv pribéhu pasivniho a aktivniho pohybu konéetiny, kdy u pacienti s grafospasmem nebyla
ptitomna bézna atenuace amplitudy N30. (Abbruzzese et al., 2001)

V oblasti primarni somatosensorické kury byly ddle pozorovany zmény receptivnich
poli pro oblast jednotlivych prstu. (Bara-Jimenez et al., 1998; Braun et al., 2003; Elbert et al.,
1998; Meunier et al., 2001) Jednalo se piedevsim o piekryvani a rozsifovani jednotlivych
poli, tedy o urcitou dezorganizaci v jejich uspotddani. Tyto zmény byly prokdzany téz na
zvitecich modelech task — specific fokalnich dystonii zalozenych na dlouhodobém opakovani
jednoduchych pohybt koncetinou. (Blake et al., 2002; Byl et al., 1997) To logicky vede
k myslence, ze TSFD jsou vysledkem poruchy integrace sensorickych vstupt a motorického
vystupu (sensorimotorické integrace) pii dlouhodobém motorickém uceni, které zde vede az k
,preuceni® specifické cinnosti (Candia et al., 2003; Elbert et al., 1998; Floyer-Lea and
Matthews, 2005). Tyto nalezy jsou podpofeny i dal$imi abnormitami, jako porusenou ¢asovou
(Bara-Jimenez et al., 2000a; Fiorio et al., 2003; Sanger et al., 2001), prostorovou (Sanger et

al., 2001) a somatognostickou (Fiorio et al., 2006) diskriminaci postizené ruky.

Vysledky funkéné zobrazovacich studii u pacientt s pisaiskou kieci, v§imajici si zmén
aktivace v somatosensorické kufe pii rdznych ulohach s postizenou koncetinou, maji
nejednoznacné vysledky. Ty jsou patrné dany odliSnou skladbou pacientli, volbou metody
(funk¢ni magnetické rezonance versus pozitronova emisni tomografie), ale hlavné rozdilnymi
ulohami. Zmény v aktivaci somatosensorickych oblasti byly pozorovany, jak pii tlohach
vyvolavajicich dystonickou kie¢ — napf. psani nebo kresleni, tak i pfi Glohach tuto kiec
nevyvolavajicich. V somatosensorické ktife byla patrna aktivita jak vyssi, (Lerner et al., 2004;
Odergren et al., 1998; Peller et al., 2006) tak i nizsi (Butterworth et al., 2003; Ceballos-
Baumann et al., 1995; Ibanez et al., 1999; Oga et al., 2002) oproti zdravym kontrolam.

Konecné pro ucast somatosensorického systému v etiopatogenezi fokalnich dystonii
sveédcCi 1 jiz dlouho znamy tzv. geste antagoniste (GA), ktery poprvé popsal patrné Schwalbe
vr. 1908 ve své praci o dystoniich. Geste antagoniste je vyraz, ktery do CeStiny b&zné
nepiekladame, jednd se o urcity sensoricky trik, ktery cileny jako dotyk ¢i tlak na cast téla
vétsinou nedaleko té postizené, vede k doCasnému zmirnéni projevi dystonie. GA pozorujeme
nejen u pisafské kiece, ale 1 u jinych forem fokalnich dystonii napt. u cervikalni dystonie ¢i
blefarospasmu. Geste antagoniste byl diive povazovan pouze za psychologicky manévr, ale

bylo prokazano, ze modifikuje EMG nalez (Muller et al., 2001). Jeho podstata neni dosud
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zcela jasnd, ale je mozné, ze redukuje poruchu zapojeni suplementarni motorické arey (SMA)
a primarni sensorimotorické ktry (SM) u pacientt s dystonii (Abbruzzese et al., 2001).
Vsechny tyto poznatky o abnormitdch v somatosensorickém systému pak byly vyuzity
pfi hledani novych terapeutickych metod a zpétné byly tyto poznatky potvrzeny uspé$nosti
somatosensorického tréninku (Peller et al., 2006; Zeuner et al., 2002), perkutanni elektrické
stimulace nervi (TENS) (Tinazzi et al., 2005), ¢i cileného chlazeni (Pohl et al., 2002)

postizené koncetiny V 1€¢b¢ pisaiské kiece.

Motoricky systéem a patogeneze pisarské krece

Utast motorického systému a jeho zmén v patogenezi pisaiské kiece je nepochybné uz
Z jeho klinickych projevl (viditelnym projevem je dystonicka kiecC svald, abnormalni ko —

kontrakce agonistli a antagonistil).

V motorickém systému je postizeno patrn¢ piedevsim programovani pohybia (Byrnes
et al., 1998; Ceballos-Baumann et al., 1997). Vlastnimu provedeni cileného nauceného
pohybu ptfedchdzi spusténi motorického programu, ktery je predtim vybrdn z motorické
paméti. Substrat motorické paméti neni dosud zcela urcen, ale mohla by jim byt premotoricka
kara. Motoricky program je aktualizovan a upraven v motorickém okruhu bazalnich ganglii —
pfimé a nepiimé draze, kde se na ném podili hlavné putamen. Vlastni pohyb je pak iniciovan
Zprimarni motorické kiry a je kontrolovan zpétnovazebnymi somatosensorickymi
mechanismy. (Kanovsky, 1999)

Motorickych programti uréenych pro stereotypni pohyby ma kazdy jedinec
vytvofenou celou fadu a je pravdépodobné, ze se stejné vytvari a funguji i tzv. subrutiny —
jakési specifické podprogramy pro Casté specializované pohyby napft. pro psani. Dystonicka
kontrakce muze byt vysledkem chybného zafazeni subrutiny do aktualniho motorického
programu, pro to svéd¢i i porucha vratkovani predchazejiciho pohybu. (Murase et al., 2000)
Dalsim problémem, ktery se projevuje u pacientll pii provedeni specifického pohybu, je
porucha inhibice pfidruzenych pohybd (tzv. surround inhibition). (Peller et al., 2006) U
zdravého jedince jsou pii jednoduchém pohybu napft. prsty jedné ruky zaroven inhibovany
prsty druhostranné koncetiny (Sohn et al., 2003), ale i ostatni svaly stejnostranné koncetiny. U

pacientl s pisafskou kieci dochazi k poruse této inhibice, jak ukazuji prace s magnetickou
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stimulaci (Stinear and Byblow, 2004), a téz se castéji vyskytuji zrcadlové pohyby
druhostranné koncetiny. (Sitburana and Jankovic, 2008; Sitburana et al., 2009)

Ve funkéné zobrazovacich studiich byly popsany zmény aktivace oproti zdravym
kontrolam, a to jak pti tlohach vyvoldvajicich, tak i nevyvolavajicich dystonickou kie¢. Opét
vsak tyto prace piindseji rozporuplné vysledky, jak v aktivaci primarni motorické kury, kdy
byla pozorovana vyssi i niz$i aktivita (Ceballos-Baumann et al., 1995; Ceballos-Baumann et
al., 1997; Ibanez et al., 1999; Islam et al., 2009; Newton et al., 2005; Odergren et al., 1998;
Oga et al., 2002), tak ale i v aktivaci premotorické kiry (PM) (Ceballos-Baumann et al., 1995;
Ibanez et al., 1999; Odergren et al., 1998) a SMA. (Ceballos-Baumann et al., 1995; Islam et
al., 2009; Oga et al., 2002)

O funk¢nich zménach v oblasti primarni motorické kiiry u fokalnich dystonii se vSak
muzeme dozvédet vice 1 z praci vyuzivajicich transkranidlni magnetickou stimulaci (TMS).
Bud’ pfi aplikaci jednotlivych stimulli, ktera je v soucasnosti prakticky technicky totoZzna
s motorickymi evokovanymi potencialy (MEP), tak pfedevsim pii parové stimulaci (pTMS).
Pii MEP byly prokdzany zmény amplitudy z postizené koncetiny, které prudce stoupaly
sintenzitou stimulu (Bares et al., 2003), a dale byly pozorovany zmény kortikalni
reprezentace svalli postizenych dystonii spolu s vyraznym zkrdcenim kortikalni periody
utlumu (SP - silent period). SP je dle poslednich vyzkumi mediovana pomoci GABA — B
receptort (Werhahn et al., 1999).

Studie s pTMS prokazaly sniZeni intrakortikalni inhibice mozkové kury (Beck et al.,
2008; Filipovic et al., 1997; Lerner et al., 2004; Ridding et al., 1995). To je nyni povazovano
za jeden z klicovych nalezl elektrofyziologickych studii pisaiské kiece ale 1 jinych fokalnich
dystonii (Peller et al., 2006). pTMS je realizovana pomoci dvou po sobé jdoucich stimult
Sspevné danym interstimulacnim intervalem (ISI), ke kratkodobé intrakortikéalni inhibici u
zdravych jedinct pak vedou intervaly mensi nez 5 ms, ISI mezi 8 a 30 ms pak naopak vedou
k facilitaci.

Vsechny vyse uvedené zmény se tykaji korovych oblasti, ale odchylky od normy byly

pozorovany i v jinych etazich motorického systému.
V oblasti periferniho nervového systému byla za mozny vyvoldvajici moment

povazovana traumata perifernich nervli, nicméné soucasné prace ukazuji, ze tato souvislost

neni jasna. Prace Jankovice postuluje podminky, za kterych je mozné uvazovat o traumatem
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indukovanych dystoniich (Jankovic, 2001) a nejnovéjsi prace zpracovavajici velky soubor

pacienti dokonce periferni trauma nepovazuje za rizikovy faktor viibec (Roze et al., 2009).

Na urovni misni se jedna predevsim o redukci recipro¢ni inhibice H reflexu (korelat ko
— kontrakce svalil), s tim ze byla pozorovana asové omezena uprava po aplikaci botulotoxinu

(Abbruzzese et al., 2001; Nakashima et al., 1989; Panizza et al., 1989).

Stale je vSak zvazovan podil mozecku na patogenezi fokalnich dystonii. Kdyz
pomineme kazuistickd pozorovani pacientd s 1ézi mozeCku S naslednym rozvojem dystonie
(Alarcon et al., 2001), tak morfometricky byly prokazany oboustranné strukturalni zmény
Sedé hmoty u pacientli s pisaiskou kie¢i (Delmaire et al., 2007). Dale ve funk¢né
zobrazovacich studiich byly pozorovany zmény BOLD signalu, opét s ne zcela konzistentnimi

vysledky. (Hu et al., 2006; Peller et al., 2006; Preibisch et al., 2001)

V tad¢ funkéné zobrazovacich studii byly prokdzany zmény aktivace v bazalnich
gangliich a thalamu, nékdy i1 oboustranné. Je zajimavé, Ze zmény aktivace byly prokazany
nejen pii motorickych tlohach (Ceballos-Baumann et al., 1997; Ibanez et al., 1999; Lerner et
al., 2004; Odergren et al., 1998; Oga et al., 2002), ale i pti ulohach sensorickych, tedy piesnéji
pti tlohach s taktilni diskriminaci postizené konéetiny (Peller et al., 2006). Zvysena aktivita
nebyla vazana pouze na putamen, zapojeném v motorickém okruhu bazalnich ganglii, ale t¢zZ
byla patrnd i vncl. caudatus. Je tedy mozné, Ze bazalni ganglia predstavuji jakysi filtr
sensorickych informaci, pfi jejich hyperaktivité¢ je tento filtr porusen, a vSe se odrazi
Vv atypickém motorickém projevu (dystonické kieci). S timto by mohla byt v souladu i prace,
ktera popisuje poruchu somatotopiky v putamen kontralateralné k postizené koncetin€. Dalsi
prace, kterd podporuje teorii o komplexngjSim vyznamu zmén v bazélnich gangliich, popisuje
pretrvavani neurondlni aktivity v bazdlnich gangliich i po ukonceni motorické tlohy u

pacientl. (Blood et al., 2004)
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1.5.7. Shrnuti moZnych mechanismi rozvoje pisaiské kiece

Na ptedchozich strankach byly encyklopedicky shrnuty rtzné poznatky zmén
motorického a sensorického systému u pisaiské kiece. Ale jeji rozvoj je prili§ komplexni
proces, aby bylo ho mozné vysvétlit jednim mechanismem. Je to spiSe vysledek mnoha
vnéjsich i vnitinich faktort, které vedou k nize uvedenym abnormitam.

Na prvnim misté¢ jsem uvedla cetné zmény v oblasti somatosensorické kiry a
prilehlych struktur, které byly prokdzany. Jak ale tyto zmény mohou ovliviiovat vysledny
motoricky proces, ktery je jasné pii pisarské kieci narusen? Jediné diky sensorimotorickym
spojum a jejich vzajemné integraci, jejiz porucha byla skutecné u pisaiské kiece prokazana
(Abbruzzese et al., 2001).

DalSim duleZitym bodem je nutnost opakovani specifické ¢innosti (psani), aby se
pisafska kie¢ vlibec rozvinula. Jakou roli hraje tato skutecnost v patogenezi? Pii néacviku
jakékoliv nové ¢innosti se v ramci motorického uceni uplatiiuje plasticita mozku. Zda se, zZe
Vv ptipad¢ rozvoje dystonie se jednd o plasticitu nadmérnou a maladaptivni t.j. patologickou
(Quartarone et al., 2008; Quartarone et al., 2005), ktera vede k pieuceni ¢innosti, které usti
k dezorganizaci sensorickych i motorickych homunkuld. A nakonec je vytvofen chybny

motoricky program. Tyto Givahy shrnuje Obrazek ¢. 1.

Obrazek ¢. 1. Shrnuti moZnych patofyziologickych mechanismi pisaiské kiece

Postizeni sensorického Porucha sensorimotorické
vstupu integrace

\ 4

Porucha motorického Porucha programovani a

uceni pripravy motorického aktu

A 4 A 4

Abnormalni plasticita CNS Dystonicka kie¢
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1.5.8. Lécba pisaiské kiece

MozZnosti ovlivnéni pisafské kiece jsou rozmanité, ale ne vzdy uspé€Sné. Prvni

moznosti je farmakologické 1é¢ba, druhou ostatni nefarmakologické postupy.

Farmakologické strategie lécby pisarské krece

Jako u jinych typt dystonii byla i zde zvlast€¢ v minulosti zkouSena anticholinergika
(napt. biperiden, trihexyphenydil, procyklidin) ve vysokych davkéch, které vsak ptinasely
svym uzivatelim spiSe ¢etné nezadouci u¢inky nez pozitivni terapeuticky efekt. Proto bylo od
této 1éCby upusténo. Skupinou preparatti, které v nékterych pripadech maji symptomaticky
efekt, jsou GABA agonisté - napi. baklofen ¢i clonazepam, ale Casté nezadouci uGcinky
limituji jejich vyuziti.

Jedinou farmakologickou, i kdyZz invazivni 1é¢bou, ktera ma sviij nezastupitelny
vyznam, a je VsoucCasné dobé metodou I. volby 1éCby pisaiské kiece, je lokalni aplikace
botulotoxinu do postizenych svali (Cohen et al., 1989). Efekt botulotoxinu neni vsak jen
lokalni, jak se puvodné predpokladalo, ale je patrny i na centrdlni Grovni. Napt. Byrnes
prokazal po aplikaci botulotoxinu zmény somatotopiky primarni motorické kury (Byrnes et
al., 1998). Uspé&snost 16¢by botulotoxinem u pacientii s pisaiskou kieéi je viak niZsi nez u
jinych typt fokalnich dystonii (cervikalni dystonie, blefarospasmus). Dystonicka kiec je zde
vazana pouze na urCitou ¢innost a mimo tuto Cinnost je funkce postizenych svali zcela
normalni, zatimco botulotoxin tyto svaly ovlivni (oslabi) neptetrzité¢ v obdobi svého efektu.
NejcastéjSim steskem pacientli s pisafskou kieci 1éCenym botulotoxinem proto byva slabost

injektovanych svalil ¢i nedostate¢ny ucinek pii nizsi davce.

Nefarmakologické strategie léchby pisarské krece

Vzhledem Kk niz$i G¢innosti a nezadoucim ucinkim botulotoxinu v 1é¢bé pisaiské
kiece jsou stale hledany nové metody 1€¢by.

V poslednich letech byly v ndvaznosti na zmény sensorimotorického systému u
pacientll s pisafskou kie¢i experimentdlné zkouSeny metody sensorického ¢i motorického
tréninku. V ramci sensorického tréninku bylo uspé$né uceni Braillova pisma (Zeuner et al.,

2002; Zeuner and Hallett, 2003), kdy po vycviku pacienti pozorovali jednak zlepSeni
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poruseného diskrimina¢niho ¢iti, ale téz zlepSeni motorickych funkci. Dalsi moznosti byl
,,motoricky trénink* a ,, motoricky blok“. Motoricky trénink zahrnoval cvi¢eni kazdého prstu
zvlast (Zeuner et al., 2005), motoricky blok znamenal imobilizaci postizené koncetiny na 4 —
6 tydnt, oboje s dobrym efektem na psani. Efektivnim se téz zd4 byt kombinace imobilizace,
nasledované motorickym tréninkem (Zeuner et al., 2008) anebo kombinace sensorického a
motorického tréninku (Byl et al., 2009; McKenzie et al., 2009). Obecné vsak tyto techniky
jsou Uspesné spise u pacienti se simplexni, tedy ne pfili§ pokrocilou formou onemocnéni.
Dalsim problémem je jejich ¢asova narocnost a délka efektu neptesahujici n¢kolik tydnd.

Pozitivni efekt na pismo pacientlii méla téZ perkutdnni somatosensoricka elektricka
stimulace postizené koncetiny (TENS). (Tinazzi et al., 2005)

Dale to jsou moznosti chirurgické intervence, kdy u pacienti s tézkou formou
onemocnéni se objevuji prvni pozitivni zminky o vyuziti hluboké mozkové stimulace (DBS)
jako lécby pisaiské kieée (Fukaya et al., 2007; Cho et al., 2009), ktera je jinak uspé&sné
vyuzivana piedev§im u generalizované dystonie ¢i tézkych forem cervikdlni dystonie.
(Albanese et al., 2006; Lee et al., 2007)

Jako nova experimentalni moZnost ovlivnéni pisaiské kiece se objevila v poslednim
desetileti repetitivni transkranidlni magneticka stimulace (rTMS). rTMS pomérné arbitrarné
délime na nizko a vysokofrekvencni rTMS. Nizkofrekvencni rTMS (1 Hz a mén€) ma
hypoteticky inhibi¢ni G¢inky na ptilehlou tkan (Chen et al., 1997a), zatimco vysokofrekvenéni
(vice nez 1 Hz) ma hypoteticky excitacni G¢inky na pfilehlou tkan. Vzhledem k tomu, Ze u
pisaiské kiece byla opakované pozorovana porucha intrakortikdlni inhibice, byla zkouSena
hlavné nizkofrekvencni rTMS. 1Hz rTMS cilena na kontralateralni primarni motorickou ktru
vedla u 50% pacientl ke zmirnéni projevil pisaiské kiece (Siebner et al., 1999). rTMS cilena
na oblast premotorické kliry nebyla provazena jednoznacnymi pozitivnimi terapeutickymi
vysledky, v prvni praci pozitivni efekt piitomen nebyl (Siebner et al., 2003), v druhé a tieti
ano. (Borich et al., 2009; Murase et al., 2005) V poslednich dob¢ vypada terapeuticky nadéjné
i nové paradigma rTMS tzv. theta burst stimulace, ktera by méla zkratit vlastni dobu
stimulace, ale zachovat nebo i zvysit jeji ucinnost. (Huang, 2010; Huang et al., 2010;
McAllister et al., 2009)
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1.6. Funkéni magneticka rezonance (fMR)

Funkéni magnetickd rezonance byla poprvé predstavena na pocatku devadesatych let
minulého stoleti (Ogawa et al., 1990). Jejim prostiednictvim jsme schopni zachytit aktivitu
vybrané mozkové oblasti v pribéhu raznych typi tloh (napt. motorickych, sensorickych nebo
kognitivnich). Funk¢ni zobrazovani pomoci MRI v §ir§im smyslu zahrnuje kromé nejéasteji
vyuzivané tzv. BOLD (blood oxygenation level dependence) techniky i tzv. zobrazovani
vazené k difuzi protonu (diffusion-weighted paging) a piipadné i zobrazeni perfuze (perfusion
paging). V uz§im smyslu je ale pojem fMR pouzivan pro metodu BOLD efektu.

Na rozdil od dalsi metody funkéniho zobrazeni mozku pozitronové emisni tomografie

(PET) je fMR BOLD levnéjsi a neni potieba aplikace radiofarmaka ¢i jiné kontrastni latky.

1.6.1. Technické aspekty funkéni magnetické rezonance

Podstatou BOLD funk¢ni magnetické rezonance je zachyceni zmén poméru oxy — a
deoxyhemoglobinu v sledované tkani pii urcité tloze. Tyto zmény mlzZeme detekovat diky
tomu, ze oxy — a deoxyhemoglobin maji odlisné magnetické vlastnosti (Ogawa et al., 1990)
Oxyhemoglobin je podobné jako vétSina tkéni v lidském téle diamagneticky, tedy nema
zvlastni magnetické vlastnosti. Ale deoxyhemoglobin je diky ¢tyfem neparovym elektroniim
zeleza paramagneticky, a tim méni vlastnosti vné&jsiho magnetického pole svym vlastnim
polem. V mistech vyssiho vyskytu deoxyhemoglobinu je magnetické pole o néco silnéjsi, coz
vede knehomogenit¢ v misté piitomného deoxyhemoglobinu a vjeho blizkém okoli.
Diisledkem je rychlej$i rozfazovani tzv. precesniho pohybu jednotlivych protond, ktery
vykonavaji vtzv. Larmorové frekvenci, kterd zavisi pravé na velikosti lokalniho
magnetického pole. To se projevi zkrdcenim tzv. T2* relaxa¢niho Casu.

V ¢asti mozkové kiry, ktera je pravé aktivovana dochéazi ke zvySeni neuronalni
aktivity, coz vede ke zvysSeni lokélniho metabolismu azvysené spotiebé kysliku, ktery je nutné
ziskat z oxyhemoglobinu. V této chvili bychom tedy pozorovali inicialni pokles BOLD
signalu (tzv. initial dip - tuto fazi vSak vétSinou bézné pfistroje nezachyti). V dalsi fazi se jiz
uplatni zvySeny pritok krve do tkané tj. zvySend perfiize a tento stav pozorujeme jako vlastni
odpovéd’ - zvySeni BOLD signalu, pti které zdanlivé paradoxné dochazi ke zvyseni obsahu
oxyhemoglobinu diky vySe popsané zvysSené lokalni perfiizi. Tato reakce vrcholi za nékolik
sekund od pocatku a po ni nasleduje jiz jen pokles signalu. Zdrojem nehomogenity jsou tedy
molekuly deoxyhemoglobinu v erytrocytech.
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Pii provedeni fMR rozliSujeme dva druhy designi tlohy — blokovy a tzv. event —
related(na udalost vazanydesign). Pti blokovém designu stfiddme v pravidelnych intervalech
obdobi klidu a obdobi, kdy pacient provadi opakovan¢ zadanou tulohu dle specifického
paradigmatu (hromadime provedeni ulohy do bloku). Opakovani ulohy je nutné vzhledem
k malé¢ procentudlni zméné signalu, téZ je nutnosti statistické zpracovani této zmeény
Statistické zpracovani je nutné 1 u pfistroji se silou pole 3 Tesla, které do klinického
zobrazovani stale vice pronikaji. Vyhodou blokového designu je jeho jednoduché provedeni a
snadna analyza. Nevyhodou je nemoznost zachyceni jednotlivé hemodynamické odpovédi a
spontanniho provedeni tlohy pacientem.

Event — related design je naopak zaméfeny na jednotlivé udalosti, kdy se snazime
zachytit odpovéd’ kazdé z nich. Zde se stiida kratké obdobi vétSinou spontanniho vykonavani
ulohy s del§im obdobim klidu, abychom mohli sledovat celou hemodynamickou odezvu pfi
aktivaci tkané.

Uskalim této metody je pak synchronizace pacientovy aktivity se signalem magnetické
rezonance, abychom byli schopni pfesné urcit, kdy pacient svou ulohu zacal a jak dlouho
trvala. Tyto informace jsou nezbytné pro dalsi analyzu.

Pro nas vyzkum jsme proto vyuzili novou metodu synchronizace motorické ulohy
(v nasem pripad¢ aktivniho ¢i pasivniho pohybu pravé ruky) a MR signalu (tzv. metoda video
— fMR monitorovani) (Obrazek €. 2).

Obrazek €. 2. Schéma provedeni metody tzv. video — fMR monitorovani
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Podstatou je umisténi LED diody spojené s MR piistrojem (synchronizované s jejim
signalem) vedle vySetfované koncetiny pacienta a celé vySetteni fMR bylo nataceno digitalni
kamerou. Tento postup ndm jednak dovolil kontrolu vlastniho provedeni motorické ulohy,
takze jsme mohli vyloucit pohyby provadéné nespravnym zptisobem. Dale ndam umoznil diky
specialn¢ vytvorenému software (fMR synchro software, Operto 2004) automaticky
analyzovat zablesky diody a tyto zdblesky synchronizovat s pocatky a trvanim jednotlivych
pohybii pacienta s piesnosti cca 40 ms. Zacatek a konec kazdého pohybu byl pak uréen

vizualné jednim hodnotitelem pro celou studii s pfesnosti na 1 frame. Design programu je

ukazan na Obrazku ¢. 3.

Obrazek €. 3. Design programu fMR synchro (Operto 2004)
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Podminkou pro provedeni BOLD fMR je uziti tzv. echo — plandrnich sekvenci (T2*

vazenych), které jsou dostatecné rychlé a citlivé na postihnuti pozadovanych zmén BOLD
signalu. Velkou vyhodu maji v tom, Ze za velmi kratkou dobu jsou schopny zachytit cely
objem mozku v 32 transverzalnich fezech. Velikost voxelu se pohybuje kolem cca 3 x 3 x 3

3 v . vove . ° s
mm°®, coZ je pro vétSinu experimentll vyhovujici.
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V pribéhu fMR vySetfeni jsou snimany i bézné morfologické (T1 a T2 vazené)
sekvence, kterd slouzi k piesné anatomické lokalizaci zachycenych funkcénich zmén a

k vylou¢eni dosud nepoznané patologie

1.6.2. Predzpracovani snimku a statisticka analyza dat fMR

Béhem fMR vysetieni ziskdme sadu MR snimkii, které zahrnuji fadu zachyceni celého
objemu mozku (scany) v prabéhu ulohy. Tyto scany je nutné dale zpracovat, k tomu se
nejcastéji pouzivaji programy — SPM, FSR a AFNI.

fMR vySetieni je velmi citlivé na pohyby hlavy v pribéhu vySetfeni. Proto prvnim
krokem ptedzpracovani snimkt je odstranéni pohybovych artefaktl (tzv. realignment). Prvni
MR scan je bran jako referencni, ostatni jsou upraveny pomoci rotace ¢i posunu v prostoru
tak, aby se snimky co nejvice prekryvali.

Dalsi nutnou Gpravou je ¢asova korekce (slice — time correction). Pfi rychlém ¢asovani
stimuld korigujeme Casové posuny mezi jednotlivymi vrstvami pomoci interpolace ¢asového
prubéhu.

Po casové korekci prechazime v experimentalnim designu k prostorové normalizaci
snimkti (normalization). Ziskané snimky pievadime do jednotného standardizovaného
stereotaktického prostoru (Montreal Neurological Institute). Tento krok je nezbytny pro
porovnavani snimkii mezi jednotlivymi pacienty nebo pii pouziti stereotaktickych atlasii,
protoze umoziiuje orientaci a srovnani vysledkli podle jednotnych soufadnic.

Prostorové vyhlazeni (smooth) pak zajistuje potlaceni Sumu v datech. Ktomu se
nejcasteji vyuziva tzv. Gaussuv filtr o §ifi 10 mm.

Poslednim krokem piedzpracovani je normalizace intenzity BOLD signalu. Jedna se o
upravu intenzity na pfedem stanovenou hodnotu. DalS§i moZnosti je pak filtrace Casového
prabéhu, kterou dale korigujeme kolisani signdlu a Sum.

Statistické zpracovani fMR dat vyuziva fadu metod. VéEtsSinou volime tzv. voxel — by -
voxel analyzu, kdy porovnavame chovani jednotlivych voxelii s obdobi klidu s obdobim
aktivity. Metody, které v téchto ptipadech nejCastéji vyuzivame, jsou zalozeny na obecném

linearnim modelu.
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1.6.3. Vyuziti fMR v klinickém vyzkumu a praxi

Funk¢éni magnetickd rezonance ziskala své pevné misto nejen v klinickém vyzkumu,
ale nyni 1 v klinické praxi, stale vice je preferovana oproti tradi¢nim metodam u pacientti pred
neurochirurgickymi vykony, kdy je nutné zjistit vztah patologického loziska vii¢i primarni
motorické ke ¢i jiné zasadni korové oblasti (Lundquist et al., 1997). Dalsi indikaci je uréeni
laterality fecovych funkci pted epileptochirurgickymi vykony v oblasti temporalniho laloku,
zde je MR jisté elegantné&jsi metodou nez klasicky Wada test (Rutten et al., 2002).

Ve vyzkumu je vyuziti fMR velmi §iroké a neni mozné zde celé spektrum postihnout.
Obecné je mozné fici, ze funkéni rezonanci lze vyuzit vSude tam, kde nas zajima aktivace
korovych ¢i podkorovych oblasti v rdmci urcité Cinnosti, ktera je proveditelnd v MR pfistroji.
Podkorova centra nelze obvykle vySetfovat pomoci BOLD fMR na pfistrojich o sile pole 1.5
Tesla, ale je nutné pole vyssi (3 Tesla). O vysledcich fMR u dystonii bylo pojedndno vyse.

1.7.  Neuromodula¢ni metody v 1é¢bé dystonii

Neuromodulac¢ni metody ziskavaji v poslednich letech své misto v 1écbé dystonii, jak
jiz bylo zminéno vyse u lécby pisarské kiece. V zasad¢ sem fadime dvé metody.

Tou prvni metodou je hlubokd mozkova stimulace (DBS), ktera diky elektrodam
implantovanym do urcité ¢asti mozkovych jader spojenych s neurostimuldtorem ovlivituje
cilové struktury pomoci elektrického pole. Druhou metodou je repetitivni transkranidlni
magneticka stimulace (rTMS), kterd primarné generuje pole magnetické, ale vlastni ovlivnéni

nervovych bunék se déje diky elektrické stimulaci, jak bude vysvétleno nizZe.

1.8.  Hluboka mozkova stimulace (DBS) v 1é¢bé dystonii

1.8.1. Patofyziologické poznamky

O patofyziologii dystonii se zamé&fenim na pisaiskou kieé¢ jiz bylo pojednano. Uloha
bazélnich ganglii byla téZ zminéna, ale zde se dostava do popiedi, protoze mistem zasahu u
DBS jsou pravé bazalni ganglia. V soucasnosti je preferovanym cilem DBS u dystonii globus

pallidum pars interna (GPi), a to jeho posteroventralni ¢ast (Coubes et al., 2002). Volba GPi
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neni nahodna. Bazalni ganglia maji velmi bohaté recipro¢ni spoje s kortikalnimi oblastmi. Pro
normalni pohybovy projev je podstatny intaktni tzv. ,,motoricky okruh® (Obrazek ¢&. 4).
Motoricky okruh se skladd zpfimé a nepiimé dréhy, jejiz koordinovanou cCinnosti je
modulovan volni pohyb. Pfi jeho postizeni nebo vlivem postizeni souvisejicich nervovych

struktur vznikaji rizna extrapyramidova onemocnéni tedy i dystonie.

Obrazek €. 4. Motoricky okruh bazélnich ganglii (dle Rtzicka et al., 2000)
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U dystonie a vibec vSech dyskinetickych syndromii dochazi k nadmérné aktivité
vV obou drahach, kdy zvySena aktivita pravdépodobné vede k abnormalnim pohyblim —
Vv ptipad¢ dystonie ke ko — kontrakcim svalti a rozvoji dystonické kiece (Vitek, 2002). Studie

s funkéné zobrazovacimi metodami ukéazaly snizenou inhibi¢ni schopnost globus pallidus na

27



jadra thalamu a nadmérnou aktivaci motorickych korovych oblasti. (Berardelli et al., 1998)
Situace vSak neni tak jednozna¢na, protoze zdznamy snimané aktivity pomoci jehlové
elektrody z oblasti GPi neukazaly jasné zvySenou aktivitu, ale spiSe aktivitu nepravidelnou a
shlukujici se série vyboju. (Sanghera et al., 2003; Vitek et al., 1998) Dalsim zajimavym
nalezem je zvysena citlivost GPi pfi sensorické stimulaci a pasivnich pohybech (Vitek et al.,
1998).

Ani pfesny mechanismus u¢inku DBS neni znam. Piivodni hypotézy ptedpokladaly, ze
stimulace vlastn¢ napodobuje 1ézi, tedy inhibuje aktivitu neuronti v misté stimulace. Ale nyni
se uvazuje spiSe o tom, Ze aktivita neuronli v misté zanotené elektrody je sice potlacena, ale
vystup stimulovaného jadra naopak mize byt zvySen (Anderson et al., 2003; Hashimoto et al.,
2003; Jech et al., 2001). Vysledkem je tedy spiSe jina frekvence vyboju, ktera ovliviiuje

¢innost okolnich struktur.

1.8.2. ZkuSenosti s DBS v 1é¢bé dystonii

Po popisu prvniho piipadu uspésného vyuziti DBS GPi u 8 leté¢ divky
s generalizovanou dystonii (Coubes et al., 1999), nasledovalo mnoho studii popisujici dobry
efekt DBS u pacientdl s riznymi formami dystonie. Pro objektivni sledovani efektu DBS u
dystonii se nejcastéji vyuziva Burke — Fahn — Marsdenova skala (BFMDS) (Burke et al.,
1985).

U pacientl s generalizovanou dystonii bylo popsano az 90% zlepSeni skore BFMDS,
prumérny efekt je popisovan cca okolo 50% zlepSeni (Tarsy, 2008). Souhrnem studii s DBS u
generalizovanych forem dystonii nebyly dlouho dany faktory, které by svédcily pro lepsi efekt
DBS (Coubes et al., 2004; Kupsch et al., 2006; Vidailhet et al., 2005). Nezalezi na véku,
vstupnim BFMDS, DYT1 pozitivité nebo lokalizaci elektrod v GPi.

U fokalnich ¢i segmentalnich dystonii je nejvice zkuSenosti s pacienty s cervikalni
dystonii. DBS je zde vyuzivana u pacientil, kteti neprofituji z aplikaci botulotoxinu. U téchto
pacientl je patrny velmi dobry efekt stimulace i po dobu 3 let (Krauss et al., 1999; Parkin et
al., 2001). Dale dobré vysledky byly patrné i u pacienti s dystonii trupu (Andaluz et al.,
2001).
nékterych z nich. Dystonie vzniklé po kraniocerebralnich traumatech odpovidaji na DBS

velmi malo (Tarsy, 2007), naopak tardivni dystonie (Eltahawy et al., 2004; Franzini et al.,
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2005) a nekteré ptipady PKAN (deficit pantotenat kinazy, diive Hallervorden — Spatzova
choroba) (Castelnau et al., 2005; Umemura et al., 2004) prokazuji dobry efekt DBS. Obecné

formy dystonii, které velmi rychle progreduji, maji Sanci na uspéch nizsi.

1.8.3. Indikacéni Kritéria

Indikacni kritéria DBS u pacienti s dystonii nejsou jednoznacné stanovena, ale na
podkladé dostupnych vysledkii DBS u jednotlivych typt dystonii byly vytipovany
perspektivni skupiny pacientt.

Hlavnim predpokladem pro indikaci hluboké mozkové stimulace je selhani
konzervativnich metod lécby. U pacientli s generalizovanou dystonii je to predevSim
farmakologicka 1écba (anticholinergika, myorelaxancia a benzodiazepiny). U pacienti
s fokalni ¢i segmentalni dystonii jsou to pfedevsim lokalni aplikace botulotoxinu, kde mulze
byt 1éCba neucinna od pocatku, nebo se mohou protilatky objevit v pribéhu 1é¢by (Jankovic et
al., 2003).

Obecné dobré vysledky miizeme o€ekavat u pacientli s mobilnimi formami dystonie,
dale u mladych pacientd, a u pacientd s normalnim psychomotorickym vyvojem. DalSim
predpokladem je intaktni cilova oblast v MR obraze.

Jako nejlepsi kandidati DBS byli oznaCovani pacienti s primarni generalizovanou
dystonii DYT 1 pozitivni a dale pacienti s idiopatickou cervikalni dystonii nereagujici na
botulotoxin (Starr et al., 2004). V poslednich letech se vSak objevila fada ptipad vzacnych
dystonickych syndromd, u kterych byl také zaznamenan vyborny efekt DBS (Havrankova et
al., 2009; Jech et al., 2011; Kurtis et al., 2010). Dva z téchto syndromil prezentuji v této praci.

1.8.4. Technické aspekty a vlastni provedeni DBS

Pacientovi je po absolvovani nezbytného predoperacniho vySetfeni nasazen
stereotakticky ram, stimto ramem pacient absolvuje MR vySetfeni mozku. Pro piesné
umisténi elektrod je nutné stanovit soufadnice cilového jadra pomoci MR obrazu, polohy
ramu a vztaznych bodi. Vztazné body jsou anatomicky definovany, jednd se o comissuru
anterior a posterior, které jsou v MR obraze dobie viditelné. Pfi vlastnim planovani jsou
urceny nejprve souiadnice vztaznych bodu a teprve poté jsou vypocitany soufadnice cilového
jadra. Cilem je zpravidla posteroventrolateralni sensorimotoricka ¢ast globus pallidus (Tarsy,

2008).
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Ve vétsing center je DBS u dystonii provadéna v celkové anestézii, kdy u pacienta se
stereotaktickym ramem jsou provedeny nejprve navrty kalvy a poté neurochirurgem
implantovany tenké elektrody do vypocteného cilového bodu. Spravnost polohy se ovétuje 1
elektrofyziologicky pomoci snimani neurondlni aktivity testovacimi mikroelektrodami.
Definitivni poloha elektrody se ovéfuje opét MR obrazem.

Stimulace se mize zahajit ihned po implantaci elektrod. Vlastnosti elektrického pole
jsou definovany Sirkou pulzu, frekvenci, kdy nejvice vyuzivané jsou hodnoty okolo 210 us a
130 Hz, dale napétim s praimérnymi vyuzivanymi hodnotami okolo 3,8 V. Studie s DBS u
generalizovanych 1 cervikalnich dystonii ukazuji, Ze v prvnich Sesti az deviti mésicich po
stimulaci neni zpravidla potfeba tprava stimula¢nich parametrti (Coubes et al., 2004; Krauss,
2002). DBS GPi dle dosavadnich vysledkti nema negativni vliv na kognitivni funkce pacientti
s dystonii (Halbig et al., 2005; Pillon et al., 2006). TéZ deprese nepatii mezi nezadouci Géinky
DBS GPi. Naopak, u pacienta s tardivni dystonii byl popsan ustup depresivni symptomatiky
po DBS (Kosel et al., 2007).

Pii ndhodném vypnuti nebo vybiti stimulatoru dojde v rdmci hodin k navratu dystonie,

ale toto zhorSeni je plné reverzibilni s navratem funkce stimulatoru.

1.9.  Repetitivni transkranialni magneticka stimulace (rTMS)

rTMS je variantou provedeni transkranidlni magnetické stimulace (TMS), ktera je
definovana jako pravidelnd aplikace magnetickych stimulti nad skalp pacienta. (Bares et al.,
2003)

1.9.1. Technické aspekty transkranialni magnetické stimulace

Podstatou TMS je aplikace magnetickych stimuli pomoci stimula¢ni civky nad urcité
misto mozkové klry ve snaze o ovlivnéni piilehlé nervové tkané. Na rozdil od elektrické
stimulace, kterd ma limitované pouziti u bdélych pacientii diky velkému odporu okolnich
tkani a tim padem velké bolestivosti, je magnetickd stimulace vyhodnéjsi pro lepsi prostup
biologickymi tkanémi véetné lebky. Technickou podstatou magnetické stimulace je vznik
magnetického pole v okoli stimulacni civky, které v ptilehlé mozkové tkani indukuje vznik

elektrického proudu (Obrazek ¢. 5). (Jech, 2003)
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Obriazek €. 5. Princip magnetické stimulace (Kaiovsky, 2003)
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Magnetické pole civky snadno pronika nervovou ale 1 kostni tkani, protoZe magneticka
vodivost téchto tkdni je mnohonasobné vyssi nez elektrickd. Orientace magnetického pole
kolem zaviti civky je definovana Ampérovym pravidlem pravé ruky. V pripadé kruhové
civky mé tedy pole opacny smér na svém vnéjSim a vnitinim obvodu. Pfi ndhlé zméné
intenzity magnetického pole dojde dle zakona -elektromagnetické indukce ke vzniku
elektrického proudu, ktery ma opacény smér nez proud ve stimulacni civce a tento smér je
prevazné paralelni s rovinou stimulacni civky. Proud prochazi pouze po tu dobu, po kterou
trva zména magnetického pole a pii dostatecné intenzité povede k depolarizaci nervovych
vlaken a ke vzniku ak¢niho potencialu.

Zakladnim vybavenim pro provedeni magnetické stimulace je fidici jednotka S
magnetickym stimulatorem - silnym zdrojem ¢i zdroji schopnymi generovat magnetické pulzy
(Obrazek ¢. 6). Zakladem stimulatoru je velkokapacitni kondenzator, ktery je schopen
sttidavého nabijeni a vybijeni. Jeho vyboj je v podstaté pulzem silného elektrického proudu,
ktery v daném okamZiku protece stimula¢ni civkou.

Pro parovou ¢i repetitivni stimulaci, kdy je nutné docilit velmi kratkych intervalii mezi

jednotlivymi pulzy, se musi stimulator sklddat nejméné ze dvou ¢i lépe Ctyt paralelnich
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kondenzatorti. Kazdy kondenzator zde pracuje s definovanym Casovym zpozdénim oproti
ptedchozimu, takze ve chvili, kdy se jeden kondenzator vybiji, jsou dalsi tfi v riznych fazich

nabijeni. S timto modelem stimulatoru lze pak provadét rTMS o frekvenci 15 Hz.

Obrizek & 6. Ridici jednotka s magnetickym stimulatorem a Gtyfmi paralelné zapojenymi

kondenzatory ( Magstim, Whitland UK)

Dalsi soucasti soupravy je stimulacni civka. Zékladni pouZzivanou civkou je civka
kruhova, jejiz primér se pohybuje nejcastéji od 5 do 20 cm a sklada se z1 — 20 zavith
elektricky izolovaného vodice. Vyssi pocet zavitl zvySuje intenzitu magnetického pole, ale

snizuje rychlost zmény intenzity magnetického pole. S tim souvisi i mozné piehfivani
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stimulacni civky, které postihuje hlavné malé civky s vy$§im poctem zavitl zejména pii
repetitivni stimulaci. Po dosazeni kritické teploty (cca 40 — 50 °C) stimulator automaticky
znemozni dal$i stimulaci. Proto pfi repetitivni stimulaci je nutné vyuzivat civky chlazené
vzduchem ¢i vodou.

Prostorova distribuce elektromagnetického pole je ovlivnéna tvarem a velikosti civky.
V ptipad€ kruhové civky je intenzita elektrického pole nejvetsi podél vlastniho obvodu civky
(Obrazek ¢. 7), kde je i dosazen maximalni efekt stimulace. Dale zaleZi na zpisobu pfilozeni
civky ke skalpu. V piipadé tangencialniho umisténi dochazi k indukci proudu v rozsahlém
objemu tkan€ - kruhovém rovnobézném s rovinou civky. Pod stfedem civky naopak ke
stimulaci nedochazi. Smér proudu zavisi u kruhové civky i na strané, ktera je ptiloZzena nad
skalp. Lepsiho zacileni stimulovaného objemu tkané docilime naklonénim civky v thlu 45 az
90° vici skalpu.

Dalsim zplsobem, jak dosdhnout ptesnéjSiho zacileni stimulace je vyuziti
osmic¢kovych nebo konickych civek, které jsou tvoreny dvéma mensimi vii¢i sobé opacné
navinutymi civkami (Obrazek ¢. 8) vedle sebe bud’ v jedné ¢i ve dvou rovinach. V mistech,
kde se civky témét dotykaji, tece proud stejnym smérem a toto misto nazyvame ,,hot — spot®,
nebot’ zde je intenzita elektrického pole nejsilngjsi. Timto mistem civku prikladame nad skalp
pacienta. Pfi nizkych (podprahovych) hodnotach stimulace je stimulace mimo hot - spot
minimdlni, ale pfi zvySovani intenzity se oblast stimulace zvétSuje a je téz zdvisld na

excitabilité nervovych bunék.
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Obrazek €. 7. Zavislost intenzity elektrického pole na tvaru stimulacni civky (a — kruhova

civka, b — osmickova civka) (Jech, 2003)
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Obrazek ¢. 8. RTG osmickové civky ukazuje zptisob navinuti obou civek.

1.9.2. Metodika a vlastni provedeni rTMS

Zakladnimi technickymi parametry stimulace jsou frekvence, intenzita stimulu,
celkovy pocet stimulu v jednom bloku a pocet blok.

Frekvence je definovdna jako c¢asova perioda mezi jednotlivymi pravidelné se
opakujicimi stimuly. Podle rozdilného fyziologického ucinku na nervovou tkan rozliSujeme
tzv. nizko a vysokofrekvenéni rTMS. Za nizkofrekvenéni rTMS jsou povazovany frekvence
stimuli 1 Hz a niZsi, pficemzZ dle dostupnych studii tato stimulace ma na nervovou tkan
inhibi¢ni efekt, snizuje kortikalni excitabilitu (Chen et al., 1997a). Vysokofrekvenéni rTMS je
naproti tomu stimulace o frekvenci vy$s$i nez 1 Hz, ktera dle dostupnych studii naopak
zvySuje kortikalni excitabilitu.

Kromé frekvence stimulace je nutné urcit intenzitu stimulu, ktera je vyjadfena
V procentech maximalniho vystupu stimuldtoru. PoZadovanou intenzitu stimulace zpravidla
vztahujeme k motorickému prahu pacienta. Prahova stimulace je stimulace hodnotou 100%

motorického prahu. Za podprahovou stimulaci povazujeme méné nez 100% prahu, za
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nadprahovou naopak vice nez 100% prahu. Zde je dilezit¢ poznamenat, ze nadprahova
stimulace je spojena s vys$si bolestivosti stimulace a i vétS§imi event. riziky pro pacienta.

Motoricky (kortikalni) prah je udavan jako sila stimulu, ktery vyvold v relaxovaném
svalu reprodukovatelnou odpoveéd’ o amplitudé mezi 50 a 100 mV v 50% ptipadt z 10 - 20
nasledujicich pokusi (Hufnagel and Elger, 1991). Druhou variantou uréeni motorického
prahu je situace, kdy je sval mirn¢ voln¢ aktivovan (vétSinou cca 30% maximalni kontrakce
méiené silome€rem) a pak je vyzadovana amplituda odpovédi mezi 150 — 300 uV. Hodnota
prahu neni zavisla na pohlavi, véku apod. Je zavislad pouze na cilovém svalu, je nejnizsi pro
drobné svaly ruky, nejvyssi pro axialni svaly. Prakticky se nejcastéji na horni koncetiné
stanovuje prah pro m. abductor pollicis brevis ¢i pro prvni m. interosseus dorsalis.

DalSim parametrem stimulace je celkovy pocet stimuli v jednom bloku stimulace,
ktery by nemél piesahnout udaje uvadéné v tabulkach bezpe€nostnich parametri rTMS dle
jednotlivych frekvenci a intenzit. Napt. pro prahovou stimulaci a frekvenci 1 Hz je tato
hodnota 1800 stimulti v jednom bloku, coz odpovida 30 minutam stimulace.

A poslednim parametrem, ktery musime stanovit je, zda chceme stimulovat pacienta
pouze jednou - Vjednom bloku, ¢i téchto blokd bude vice a jaky bude mezi nimi ¢asovy
inteval, ktery je podstatny pro bezpecnost pacienta a lisi se pfi rGznych frekvencich a
intenzitach stimulace (Chen et al., 1997b).

Zde je dilezité zminit 1 kontraindikace TMS — mezi ty absolutni patii intrakranialni
kovové implantaty, kardiostimulator a implantabilni kardioverter — defibrilator. Z relativnich
je nutné zminit téhotenstvi, epilepsii a détsky veék. (Bares, 2003; Rossi et al., 2009).

Po stanoveni vSech pozadovanych parametri a vylouceni kontraindikaci je nutné pred
zahajenim vlastni stimulace navést hot — spot stimulacni civky nad pozadovany cil. Cilem
byva nejcastéji motoricka, frontalni nebo sensoricka ktira.

Pro pfesnou navigaci civky je uzivana tzv. bezramova stereotaktickd navigace
(Obrazek ¢. 9). Jedna se o pfistroj, ktery dokaze navést civku nad cil v realném Case pfi
vizualni kontrole pohybu civky vzhledem k hlavé pacienta a jeho MR snimcich mozku.
Souprava se sklada zfidici jednotky obsahujici vykonny pocita¢ se specidlnim softwarem
(Brainsight, Rogue Researche, Canada), ktery je propojen s kamerou umisténou nad hlavou
pacienta. Tato kamera snima trojice odrazovych bodu v pfedem definovaném postaveni, které
jsou upevnény na hlavé pacienta, na stimulacni civce a na mobilnim ukazovatku. Po nacteni
MR snimkl pacienta do softwaru a oznaceni cile, pfistupujeme k registraci polohy hlavy

pacienta pomoci ukazovatka a pfedem definovanych bodt. Poté software koregistruje polohu
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civky a hlavy pacienta a od této chvile miizeme navadét civku nad pozadovany cil v redlném

case za vizualni kontroly polohy civky a cile na monitoru pocitace.

Obrazek ¢. 9. Bezramova stereotakticka navigace (Rogue Researche, Kanada)

1.9.3. Vyuziti rTMS ve vyzkumu a klinické praxi

rTMS vyuzivame bud z diagnostické, nebo terapeutické indikace. Z diagnostické
indikace ji vyuzivame ptedev§im pii urceni laterality feCovych funkci (Khedr et al., 2002),
vyzkumu kognitivnich funkci (Rossi et al., 2004; Sandrini et al., 2003), studiu patofyziologie
epilepsie a extrapyramidovych onemocnéni.

Jako experimentalni terapeutickou metodu vyuzivame rTMS tam, kde piredpokladame
zmeény v excitabilité¢ mozkové kiry a kde vyuzivame schopnosti rTMS ménit tuto excitabilitu
v zavislosti na frekvenci stimulace. rTMS se v soucasnosti experimentalné vyuziva v 1é¢bé
fokalnich dystonii (Murase et al., 2005; Siebner et al., 2003; Siebner et al., 1999),
Parkinsonovy nemoci, tikovych projevii (Mantovani et al., 2006), bolesti hlavy (Teepker et
al., 2009), chronickych bolesti (Lefaucheur, 2006; Lefaucheur, 2008; Leo and Latif, 2007),
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epilepsie (Cantello et al., 2007), spasticity (Centonze et al., 2007) a tinnitu (Rossi et al.,
2007). Z psychiatrickych indikaci se rTMS nejlépe uplatnila v 1é¢bé depresi, méné u
obsedantné kompulzivni poruchy (Mantovani et al., 2006) ¢i schizofrenie (Cordes et al.,
2009).
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2. Cile prace a hypotézy

A. Charakterizovat odliSnosti kortikalni aktivace v obraze fMR u pacientu s pisarskou

kie¢i pfi jednoduchych a komplexnich motorickych ulohach.

Hypotéza:

I. U pacientd s pisaiskou kiec¢i je pfitomen odlisSny vzorec kortikalni aktivace pfi
provadéni pohyb, které mohou dystonii indukovat (komplexni pohyby) a pohybtl, které
ke kteci obvykle nevedou (jednoduché pohyby).

B. Ovlivnit klinické priznaky pisaiské kieCe pomoci repetitivni transkranialni

magnetické stimulace primarni somatosensorické kiiry (SI rTMS).

Hypotézy:

[1. SI rTMS je schopna pozitivné terapeuticky ovlivnit klinické projevy pisaiské kiece.
Efekt terapie je patrny pii subjektivnim i objektivnim hodnoceni pisma pacientl a jejich
pocitli pfi psani.

I1I. Efekt rTMS je doprovazen zménami aktivace mozkové kiry v obraze fMR.

C. Ovlivnit Klinické priznaky vzacnych dystonickych syndromii pomoci hluboké

mozkové stimulace (DBS)

Hypotéza:
IV. DBS je tc¢innou terapeutickou metodou i1 u vzacnych dystonickych syndromd, pokud
se jedna o mobilni formy dystonie, vzniklé v détstvi a bez kognitivniho deficitu. Uginek

DBS je patrny pfi objektivnim vySetfeni pacienta pomoci Burke Fahn Marsdenovy Skaly
(BFMDS).
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B. Vyzkumna ¢ast

v wr

3. Studie ¢. 1. Komplexni a jednoduché pohyby u pacientu s pisafskou kie¢i - studie

S funk¢éni magnetickou rezonanci

Souhrn

Hodnotili jsme, zda se u pacientl s pisarskou kieci (GF) li§i vzorec kortikalni aktivace pfi
provadéni pohybu, které mohou dystonii indukovat (komplexni pohyby) a pohybtl, které ke kieci
obvykle nevedou (jednoduché pohyby). U komplexnich pohybi jsme navic studovali vyznam obsahu
psaného projevu a vyznam pfitomnosti ¢i absence vizualni zpétné vazby.

Jedenact pacientt s GF (10F, 1M, primémy veék 41,5+(SD)7,2 let) a 11 vékoveé vazanych
kontrol bylo vySetfeno pomoci Blood Oxygenation-Level Dependent (BOLD) 1.5 T fMR pfi
vykonavani komplexnich a jednoduchych pohybti. Komplexni tloha spocivala v psani pismene nebo
kresleni Cary specidlné upravenym joystickem, jejiz trajektorie byla nebo nebyla pribézné
zobrazovana. Pfi jednoduché uloze byla vykonavana spontanné iniciovana flexe prstl postizené ruky.

Pfi komplexnich pohybech vykazovali pacienti oproti kontroldam sniZzeni BOLD signalu
oboustranné v primarnim senzorimotorickém kortexu pfevazné v jeho senzorické Casti a dale
V parietalnim asociatnim kortexu. V pravé hemisféfe bylo snizeni BOLD signdlu zaznamenano v
sekundarni somatosenzorické oblasti a pfedni inzule, v levé hemisféfe pak v premotorickém kortexu
(p<0.05 s Family wise korekei). Pfi jednoduchych pohybech nebyly pozorovany pii meziskupinovém
srovnani zadné vyznamné rozdily.

Ackoliv komplexni pohyb béhem fMR vysetieni nevedl u GF pacientll ke vzniku dystonické
kfece, byla u nich na rozdil od jednoduchého pohybu zaznamendna abnormalné snizena kortikalni
aktivita. NezaleZelo pfitom ani na charakteru pisemného projevu ani na pfitomnosti vizualni zpétné

vazby. Nase vysledky tak podporuji teorii o dualistickém chovani senzorimotorického systému u GF.

3.1. Uvod

Pisaiska kie¢ (grafospasmus — GF) je nejcast€jsi formou task — specific fokalnich
dystonii. Je podminéna mimovolni svalovou kontrakci agonistli a antagonistii predlokti a
ruky, ktera je obvykle vazana na psani jako na nejcastéjsi komplexni pohyb (Marsden and
Sheehy, 1990). U predisponovaného jedince vznika na podkladé kombinace rizikovych

faktorti a nadmérné psaci zatéze. (Roze et al., 2009) Patofyziologické mechanismy pisaiské
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kieCe zlistavaji nejasné. Pravdépodobné se jednd o slozity proces, ve kterém hraje klicovou
ulohu postizeni motorického i sensorického systému a jejich vzajemna integrace. (Abbruzzese
et al., 2001; Vidailhet et al., 2009)

Pisarska kie¢ souvisi se selektivni poruchou motorického programu pro psani, které
nastava v disledku poruchy motorického uceni. Vykondvani ostatnich pohybtli byva postizeno
méné nebo viibec. To podporuje teorii o dualistickém chovani motorického systému u task-
specfic dystonii, pfi kterém je vykonavani specifického (dystonii-indukujiciho) pohybu
spojeno s odliSnym vzorcem aktivace motorickych okruhli nez vykondvani pohybi jinych. U
pisafské kiece byl motoricky vzorec kortikalni aktivace studovan opakované¢ pomoci metod
funkéniho zobrazovani — funkéni magnetické rezonance (fMR) a pozitronové emisni
tomografie (PET) (Tabulka ¢. 1). Pfi provadéni pohybl, béhem kterych k pisaiské kieci
nedochazelo, bylo pozorovano sniZeni aktivity primarni senzorimotorické kiry (SM),
doplinkové motorické kury (SMA) (Butterworth et al., 2003; Islam et al., 2009; Oga et al.,
2002; Wu et al., 2009) a posteriorni parietalni kary (Butterworth et al., 2003; Wu et al., 2009).
Pti psani, které kieC vyvolalo, byla aktivita t€chto oblasti naopak zaznamenana jako zvysSena
(Hu et al., 2006; Lerner et al., 2004; Odergren et al., 1998). Dalsi prace vsak dospély k jinym
nalezim (Ceballos-Baumann et al., 1997; Ibanez et al., 1999), coz mize souviset s odlisSnym
designem uloh nebo technikou funkéniho zobrazovani. Nékteti autofi pouzili parametrickou
analyzu, diky které si u pisaiské kiece povsimli kvantitativnich souvislosti mezi intenzitou
dysfunkénich motorickych oblasti a mirou vykonaného pohybu, napf. s po¢tem napsanych
slov (Ibanez et al., 1999; Odergren et al., 1998) nebo tizi dystonickych projevi (Lerner et al.,
2004). Pomoci parametrické analyzy fMR lze studovat i dalsi kvantitativni ukazatele, diky
kterym lze chapani patofyziologickych mechanismi fokalnich dystonii dale zptesnit.

To bylo motivaci také nasi studie. S pouzitim dvou motorickych tloh s komplexnimi a
jednoduchymi pohyby provadénymi skupinou pacienti a zdravych osob jsme se snazili
dualistické chovani motorického systému u pisaiské kiece zobrazit. Diilezitou podminkou
pfitom bylo, aby zvoleny komplexni pohyb béhem fMR dystonickou kfe¢ nevyvolaval. Nasim
cilem nebylo ziskat fMR ekvivalent dystonické kiece, nybrz postihnout rozdily v motorickém
vzorci pifi vykonavani komplexniho a jednoduchého pohybu. Jednoduchy pohyb spocival
V jednorazovém sevieni a otevieni dlan€, pro komplexni pohyb jsme zvolili psani a kresleni
specialné upravenym joystickem drzenym jako tuzka. Oproti vétSin¢ ptredchozich fMR
studiim jsme pro ob& motorické Ulohy pouzili event-related design, ktery na rozdil od epoch-
designu piindsi vyhody spravného zohlednéni pocCatku a individualniho trvani kazdého

pohybu. To pro ptesné vyjadieni jeho ekvivalentu ve MR jesté stacit nemusi, protoze vzorec
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motorické kortikélni aktivace muze byt modifikovan dalSimi faktory. Patii sem napf.
charakter pisemného projevu nebo ptfitomnost senzorické zpétné vazby. Kresleni Car totiz na
rozdil od psani k dystonické kie¢i vést nemusi (Odergren et al., 1998), podobné jako bézné
nejsou znamy piipady malifi s dystonickou kie¢i. Psani je kromé toho zavislé také na
somatosensorické propriocepci a vizudlni kontrole. Zatimco somatosenzorickd percepce je u
téchto pacientl alterovana (Bara-Jimenez et al., 2000b; Nelson et al., 2009; Sanger et al.,
2001), vizualni zpétna vazba ziejmé neni pro klinickou manifestaci pisaiské kiece rozhodujici
(Chakarov et al., 2006; Prodoehl et al., 2006). Na druhou stranu je vSak znamo, ze pohled na
piSici ruku vede u pacientii s pisafskou kife¢i k vyznamnym zménam kortikalni excitability
motorické kary. (Fiorio et al., 2010)

Provedeni komplexniho pohybu jsme proto studovali ze dvou hledisek. Prvnim byl
,»obsah pisemného projevu®, pii kterém subjekt psal predem definované pismeno nebo
joystickem jenom voln¢ ¢maral. Tim jsme se snazili zjistit, zda motoricky vzorec pro psani,
tedy motorickou ¢innost, ktera je u pacient obvykle spojena s dystonickou kieci, se od
zdravych osob lisi ve srovnani s motorickym vzorcem pro ndhodné kreslici pohyby. Druhym
byla pfitomnost respektive absence ,,vizualni zpétné vazby*, kdy subjekt na monitoru vidél
nebo nevidél trajektorii kreslené Cary. Do parametrické analyzy fMR jsme na rozdil od
predchozich autor zahrnuli 1 dal$i kvantitativni tidaje motorického projevu jako byla doba
psani, délka a tortuosita Cary, protoze pisemny projev pacientil s pisaiskou kieci vykazuje

oproti zdravym osobam nékteré kinematické rozdily. (Zittel et al., 2010)
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Tabulka €. 1. Souhrn funkéné zobrazovacich studii u pacientt s fokalni dystonii.

studie N typ zobrazeni tloha vysledky kied

Ceballos-Baumannetal. 1995 6 ID* PET (ED) pohyb joystickem 1 PMC, SMA, DLPFC, ant. cingulum Al
| kaud. SMA, post. cingulum, mesialni
parietalni klira

Ceballos-Baumannetal. 1997 6 GF PET (ED) psani 1 SI, PMC, mesialni parietalni k., vermis A
| MI, kaud. SMA, mesialni parietalni k.,
ant. cingulum, mesialni prefrontalni k.,

thalamus
Odergren et al. 1998 4 GF PET (PA) psani 1 SM*, cerebellum A
| g. supramarginalis, g. angularis
kresleni beze zmén N
Ibanez et al. 1999 7 GF PET (ED) psani | PMC A
flexe zapésti + prsti | SM N
tapping beze zmén N
Pujol et al. 2000 5 KH fMR (ED) hra na hudebni nastroj 1T SM A
| PMC
Preibisch et al. 2001 12 GF fMR (ED) psani 1 cerebellum A?
| g. temporalis sup. + med., g lingualis.
Oga et al. 2002 8 GF fMR (ERD) relaxace pravého zapésti | SM, SMA N
Kontrakce pravého zapésti | SM, SMA N
Butterworth et al. 2003 9 GF fMR (ED) vibrotakt. stimul. Il. prstu | SII, PPC N
vibrotakt. stimul. V. prstu | SII N
Lerner et al. 2004 10 GF PET (PA) psani 1T SM A
| SMA
tapping beze zmén A7
Hu et al. 2006 10 GF fMR (ED) psani perem 1 cerebellum A
| thalamus
psani prstem beze zmén A
predstava psani beze zmén A
Peller et al. 2006 17 GF fMR (ED) taktil. stimul. . prstu. 1 BG, insula, parietalni k., N
posteriorni vizualni k., frontalni operculum
Islam et al. 2009 17 GF fMR (ED) tapping | SM, SMA, SlI N
flexe Il. prstu 1 SI N
stimulace n. medianus beze zmén N
Wau et al. 2009 11 GF,KH fMR (ED) komplexni tapping | PPC, SMA, cerebellum N
tapping | SM, SMA, cerebellum N
Havrdnkova et al. (nase studie) 11 GF fMR (PA)  komplexni (psani/kresleni)) | SM, SI, SII, SMA, PMC, PPC, insula N
simplexni (zavirani dlané) beze zmén N

N — pocet pacientl; typ — typ dystonie: ID — idiopaticka dystonie, GF — pisaiska kie¢ (grafospasmus), KH — ki'e¢
hudebniki; zobrazeni — metody funkéniho zobrazeni: fMR — funkéni magneticka rezonance, PET — positronova
emisni tomografie; design studie: (ED — epoch design, ERD — event related design, PA — parametricka analyza);
uloha — typ vykonavané uloh; vysledky — (1) hyperaktivace nebo (|) hypoaktivace uvedenych oblasti u pacientti
v porovnani s kontrolami (PMC- premotorickd ktira, SMA — supplementarni motoricka oblast, DLPFC —
dorsolateralni prefrontalni kira, SM — primarni sensorimotoricka kiira, SI — primarni sensoricka kiira, MI —
primarni motoricka kiira, SII — sekundarni sensoricka kiira, PPC — posteriorni parietalni ktira); kie¢ — dystonicka
v prubchu ulohy: A - ano, N — ne, Y1,7 — pocet pacientl, ktefi méli pfi tloze kie¢, Y? —pfitomnost kiece pri

, I ¥ # 3 : I M7 I ’ r ’
tloze neni jasné uvedena; “ve studii pouze 1 pacient s pisaiskou kieéi; *pozitivni korelace s délkou psani.
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3.2. Pacienti a metoda

Subjekty a klinické vysetreni

Do studie bylo zatazeno 11 pacientil s pisafskou kieci (primérny vek 41,5+(SD)6,9 let)
a 11 zdravych dobrovolnikd (43,9+7,8 let). VSichni vySetfovani byli pravaci a u vSech
pacientli dystonie postihla pravou horni koncetinu. Do studie byli zafazeni pouze pacienti s
rozvojem pisafské kieCe v dospélosti, u kterych sekundarni pfi¢ina dystonie nebyla
prokazana. P&t pacientd bylo pted vstupem do studie 1é¢eno botulotoxinem, pti¢emz posledni
aplikace botulotoxinu probéhla nejméné 4 mésice pred vstupem do studie. Primérna délka
trvani choroby byla 4,7 + 2,7 let. Demograficka data pacientd jsou uvedena v Tabulce ¢. 2.

Tize klinickych projevii pacienti byla hodnocena objektivné pomoci Burke—Fahn—
Marsdenovy skaly (BFMDS) (Burke et al., 1985), subjektivn¢ pomoci vizualnich
analogovych §kal zaméfenych na funkci ruky a bolest ruky pfi psani a dale pomoci testu psani
po dobu 2 minut, které probéhlo u pacientti i u kontrol. VSichni tcastnici obdrzeli pred
vstupem do studie podrobné informace, prosli tréninkem pohybovych uloh a podepsali
informovany souhlas. Studie byla schvalena mistni etickou komisi a probéhla souladu s

Helsinskou deklaraci.

Tabulka €. 2. Skupina 11 pacienti s pisafskou kieci zatazenych do studie

pac. v€k pohlavi trvani typ botulotoxin BFMDS funkce ruky bolest
1 53 7z 3 S ne 3 7.8 3.2
2 30 Z 9 D ne 3 5.2 0

3 42 Z 3 S ano (4m) 2 4.9 2.7
4 43 7z 8 D ano (24m) 4 4.8 9.6
5 39 Z 4 D ano (5m) 3 3.0 7.2
6 38 7z 3 D ano (12m) 3 2.2 0.6
7 50 Z 4 S ne 4 7.8 5.6
8 30 7z 2 S ne 3 2.2 4.9
9 42 Z 10 D ne 3 2.0 0
10 47 7z 2 S ne 3 6.9 0.4
11 42 M 4 S ne 3 4.6 6.7

M/Z — muZ/zena; trvani — doba trvani pisaiské kiece (roky); typ — typ pisaiské kiece: S — simplexni, D -
dystonicky; botulotoxin — ptedchozi 1é¢ba botulotoxinem — ano (pifed kolika mésici), ne; BFMDS — motoricka
Burke Fahn Marsdenova $kala dystonie; vizualni analogova skala funkce ruky pfi psani (0 — ruka neni schopna

psat, 10 — normalni psani); vizualni analogova $kala bolesti (0 — zadna bolest, 10 — nejhor$i mozna bolest)
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Komplexni pohybovda uloha

Vysettfovany subjekt lezel na zddech v gantry MR pfistroje, pficemz pravou rukou drzel
ovladac joysticku, ktery byl pro ucel experimentu upraven tak, aby jej bylo mozné drzet jako
tuzku. Pfed sebou vid¢€l obraz pracovni plochy, na kterou mél béhem ulohy kreslit nebo psat.
V poloviné ptipadt (=udalosti), bylo ukolem subjektu napsat pismeno (B, L, M, N, P, R, U,
V nebo Z), ve druhé poloviné mél nakreslit ndhodny obrazec. Zatimco u 50% udalosti byla
trajektorie pohybu joystickem na pracovni ploSe prubézné vizualizovana, u 50% udalosti
subjekt kreslenou ¢aru nevid¢l.

Uloha trvala 11 minut a probihala nasledujicim zptsobem (Obrazek &. 1). Udalost
zaCala zobrazenim informativniho symbolu v levé ¢asti pracovni plochy po dobu 500 ms,
ktery vyjadioval, co ma byt joystickem napsano (zobrazeni konkrétniho pismene nebo znaku
pro nahodné kresleni). Pokud bylo pismeno nebo znak zobrazen ve Zluté barve, byl subjekt
informovan, Ze psand ¢ara bude na obrazovce vykreslovana. Zobrazeni informativniho
symbolu v $edé barvé znamenalo, Ze ¢ara vidét nebude. Zmizeni informativniho symbolu bylo
pokynem Kk zahajeni psani/kresleni. Pro psani pismene nebo obrazce byl vymezen Casovy
interval 14 s, po kterém stiedovy fixacni kiiz zménil barvu z Cervené na cernou. Tim se
subjekt dozvédel, ze registrace ¢ary byla v tomto okamziku ukoncena a ze ma byt joystick
vracen do klidové polohy. Nasledovala 26 s klidova faze, béhem které subjekt vyckaval na
dalsi udalost.

Béhem tréninku byl kazdy subjekt zacvicen, aby psani pismene ¢i kresleni ndhodného
obrazce stihl ukoncit jesté pfed vyprSenim casového limitu a aby psani i kresleni provadél
pfiblizné stejnou rychlosti. Pro docileni srovnatelné velikosti pismen a ndhodnych obrazct,
byla pracovni plocha pro psani a kresleni vymezena bodovym rastrem. Informativni symboly
pismen €1 znaku pro ndhodné kresleni spolu s informaci o pfitomnosti zrakové zpétné vazby
byly po sobé tazeny pseudondhodné takovym zplsobem, aby byly vSechny kombinace
zastoupeny rovnym dilem. Z celkového poctu 16 udélosti bylo pismeno psano Ctyfikrat za
pfitomnosti (25%) a ctyfikrat pii absenci (25%) zrakové kontroly. Ndhodny obrazec byl
kreslen rovnéz Ctyfikrat za pfitomnosti (25%) zrakové kontroly a ¢tyfikrat bez ni (25%). Pro
omezeni okohybnych artefaktd byl subjekt instruovan fixovat kiiz uprostted pracovni plochy
po celou dobu tlohy. Velikost pracovni plochy umoznovala identifikovat informativni symbol

a vnimat trajektorii ¢ary 1 béhem vizualni fixace stfedového kiize.
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Obriazek ¢. 1. Komplexni pohybova tloha zaméfena na psani/kresleni

3 E gt
ean 00s 14.5 (5] >
| syminol zmixl ]
(polatet pganiknesbenl}
cresleni O vizusini 2v 25% |
) - . . - R
bez wizudlni 2 25% &) —Th:\]
e o . . || Fan et
, N vizualni 2V 25% D | Y
pzani J

bez vizualni 2\ 25%

. R - . .. Zerseny KR = zmdnd na fenny
b:' i fhones psanikresizn)

N

=
I

d)

Uloha se skladala z udalosti, z nichz kazda zacala zobrazenim pracovni plochy s informativnim symbolem na
levé strang, ktery obsahoval instrukei, co ma byt napsano (pismeno nebo nadhodny obrazec) a zaroven informoval
piitomnosti/absenci vizudlni zpétné vazby. a) b). Kresleni nahodného obrazce (50%) nebo c) d) psani
konkrétniho pismene (50%). Ptfi a) c) byla trajektorie psani/kresleni joystickem pribézné zobrazovana
(50%)(pIna cara), pti b) d) nikoliv (50%)(pferusovana c¢ara). Pro psani/kresleni byl vymezen ¢asovy interval od
zmizeni informativniho symbolu do okamziku zmény barvy stfedového fixaéniho kiize.

ZV — zpétna vazba

Jednoducha pohybova uloha

Béhem ulohy subjekt provadél volni, spontanné iniciovany pohyb prsty pravé ruky,
ktery spocival v jednordzovém sevieni a otevieni dlané. O tom, kdy bude pohyb proveden,
rozhodoval vyhradné subjekt. Behem tréninku byl kladen diraz na spravné provedeni pohybu
(pomalou flexi nasledovanou pomalou extenzi v metakarpofalangealnich a proximalnich
interfalangealnich kloubech II.—V. prstu o trvani ptiblizn€ 5 s). Béhem tlohy, ktera trvala 6
minut, m¢l subjekt provést priblizné 10 takovych pohybu, které vSak nemél pocitat. O¢i byly
po celou dobu fMR experimentu zaviené, obé horni koncetiny byly extendované a spocivaly

na polstrovanych opérkach v semipronované pozici.
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fMR protokol a statistické zpracovani

Vysetieni magnetickou rezonanci bylo provedeno na 1.5 T pfistroji Siemens Symphony
(Erlangen, Germany). Pro blood oxygenation-level dependent (BOLD) fMR byla pouzita
gradient echo planarni T2*—vazend sekvence (TR=2900 ms; TE=56 ms; FA=90 st) s akvizici
31 axidlnich fezl, pokryvajicich cely mozek a mozecek. Velikost matrice byla 64x64 s in-
plane rozliSenim 2.6 x 2.6 mm2. Tloustka fezu byla 3 mm s inter-slice gap 1 mm. Béhem
komplexni pohybové ulohy bylo ziskdno 224 dynamickych skenti, béhem jednoduché
pohybové ulohy 128 dynamickych skend. Morfologické zobrazeni mozku bylo provedeno
pomoci magnetization-prepared rapid gradient echo acquistion (3D MP-RAGE) T1-vazena
sekvence (TR = 2140 ms; TE = 3.93 ms; FA = 15st; TI = 1100 ms) se 160 axialnimi fezy o
tloust’ce 1.6 mm.

Béhem komplexni Glohy byla detekce pohybu provadéna joystickem Trust Predator XK
10 se vzorkovaci frekvenci 100 Hz s priibéZznym ukladanim dat x, y soufadnic kurzoru, které
bylo synchronizovano s akvizici fMR. Pti udalostech, pii kterych byla umoznéna zrakova
kontrola provadéného pohybu, byla aktudlni pozice kurzoru a trajektorie kreslené cCary
zobrazovana on-line na pracovni plose pomoci zpétné projekce (LCD). Koordinace funkci
MR pfistroje, LCD projektoru a joysticku byla fesena pomoci vlastniho programu E-seng (J.
Wackermann & T. Sieger). Z trajektorii pohybu registrované joystickem byly vypocteny tii
kinematické parametry, které charakterizovaly psani kazdého pismene ¢i obrazce, a které byly
nasledné pouzity pfi statistické analyze. Doba psani/kresleni byla definovana pocatkem
pohybu do okamziku ustaleni kurzoru na konci pohybu. Délka trajektorie byla vypoctena jako
relativni kumulativni vzdalenost mezi v§emi okamzitymi stavy kurzoru definované dobou
psani/kresleni. Pro stanoveni tortuosity byla nejprve trajektorie ¢ary aproximovana lomenou
Carou sestavajici se z N vektor délky A/10 (kde A = délka hrany ¢tvercové plochy, v niz se
pohyboval kurzor joysticku). Tortuosita trajektorie byla nasledné¢ definovana jako pomér
sou¢tu Uhli mezi po sobé jdoucimi vektory lomené Cary a thlu 90 stupnd.
k(X)=fracsumN -1

Béhem jednoduché ulohy byl pohyb ruky detekovan digitalni videokamerou (Canon
MV20i) synchronizovanou s akvizici fMR. Synchronizace byla zajisténa pomoci LED diody
umisténé v zorném poli kamery spolecné s pohybujici se rukou. Zablesky LED byly pfitom
vazany na synchronizaéni pulzy MR pfistroje. Analyza byla provedena pomoci vlastniho
software (fMR synchro software, G. Operto), ktery umoznil automatickou detekci zableski

diody se stanovenim Casovani jednotlivych udalosti s pfesnosti na 40 ms. Zacatek a konec
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kazdého pohybu ruky byl uréen vizualné experimentatorem na zakladé zpomalené frame-by-
frame projekce videozaznamu. Do statistické analyzy byly vybrany pouze pohyby, které
trvaly v rozmezi 4-6 sekund.

Individualni fMR data z obou uloh byly analyzovany pomoci programu SPMS5
(Wellcome Trust Centre for Neuroimaging, UCL, London, UK) a Matlab 6.5 (The
MathWorks, Inc, Natick, MA). Béhem prvni fize byla obrazové data korigovana na pohybové
artefakty, normalizovana (Ashburner and Friston, 2005) a rozostiena s pouzitim Gausovského
kernelu 8-mm full width at half maximum. Statisticka analyza vychazela z obecného
linearniho modelu. Pro tcely individualnich statistik byla design matrice vytvofena pomoci
funkce s kanonickou hemodynamickou odpovédi (canonical hemodynamic response
function)(Friston et al., 1998) se zohlednénim pocatku a trvani kazdého pohybu. Individualni
kontrasty vychazely z rozdilu BOLD signalu mezi pohybovou a klidovou fazi. V ptipadé
komplexni pohybové tlohy byly kontrasty vypocteny pro kazdy typ pohybu zvlast a to podle
obsahu psaného projevu a pfitomnosti zrakové kontroly.

Pro skupinovou analyzu vysledkii komplexni pohybové ulohy byl pouzit full factorial
design se dvéma faktory: (i) obsahem psané¢ho projevu (pismeno/nahodny obrazec), (ii)
zrakovou kontrolou (pfitomnost/absence); a tfemi kovariatami: (i) délkou napsané cary, (ii)
dobou psani pismene/obrazce a jeho (iii) tortuositou. Skupinova statistika byla zalozena na
kontrastu mezi pacienty s pisaiskou kieci a zdravymi kontrolami (a naopak) a to zvlast pro
ulohu s komplexnimi a jednoduchymi pohyby. Vysledky byly nasledné zobrazeny na hlading
p<0.05 s korekei na family-wise error (FWE).

Behavioralni data z joysticku byla pfedmétem samostatné statistické analyzy, pfi které
byly porovnavany pohyby pacientti a zdravych kontrol z hlediska individualni délky napsané
¢ary, doby psani kazdého pismene/obrazce a tortuosity. Pro tento ucel byla pouzita ANOVA
s opakovanim v programu SPSS 14.0.1 (SPSS Inc, Chicago, IL).

3.3.  Vysledky

Funkce dystonické ruky pacienti byla dle vizualni analogové Skaly postizena na
prumérnych 4,7+(SD)2 bodu a jeji bolestivost €inila v praiméru 3,7+3 bodu (Tabulka ¢. 2).
Pocet pismen napsanych béhem dvouminutového testu pii opisovani textu byl u pacient
vyznamné niz$i (145+72) nez u zdravych osob (240+58) (T=3,3, P<0.01). Béhem motorické
ulohy s komplexnimi ani jednoduchymi pohyby nebyla béhem fMR u zadného pacienta

objektivné ani subjektivné zaznamenana dystonicka kiec.
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Komplexni pohybova uloha

Psani pismene ani nahodné kreslici pohyby se z hlediska rychlosti psani, délky cary a
tortuosity ¢ary mezi obéma skupinami subjektii statisticky neliSily. Provadéni komplexnich
pohybli bylo u pacientl s pisafskou kieci ve srovnani se zdravymi kontrolami spojeno
S vyznamnym snizenim intenzity BOLD signalu v klastru pokryvajici téméf celou rolandickou
oblast (SM kortex) pravé hemisféry (Obrazek €. 2a). Po kompenzaci vysledki na vSechny tfi
sledované kinematické parametry (délku cary, dobu psani a tortuositu cary), doslo ke
zvyraznéni stavajicich vysledkli a objeveni se dalSich kortikdlnich oblasti obou hemisfér,
jejichz aktivita byla u pacientli vyznamné niz8i nez u zdravych osob (Obrazek ¢. 2b). ZvySeni
BOLD signalu se pfitom u pacientli neprojevilo v zadné z oblasti.

Robustni snizeni BOLD signalu pfi komplexni motorické uloze nastalo u pacientl bez
ohledu na charakter psaného projevu a pfitomnost vizudlni zpétné vazby, tzn. pfi analyze, do
které byly zahrnuty vSechny komplexni pohyby dohromady (Obrazek ¢. 3 — nahoie). Snizeni
intenzity BOLD signalu bylo pozorovano oboustranné v primarnim senzorimotorickém
kortexu (SM) ptevazné v jeho senzorické ¢asti a dale v parietdlnim asociaénim kortexu. Tyto
oblasti vykazovaly vyraznou mezistranovou asymetrii s vyraznéj$i deaktivaci v pravé
hemisféfe. Vpravo doSlo navic k vyznamné redukci BOLD signdlu v sekundarni
somatosenzorické oblasti (SII) a pfedni inzule. SniZeni aktivity premotorického kortexu bylo
naopak pozorovano vyhradné¢ v levé hemisféte. (Tabulka ¢. 3). Signifikantni rozdily v
intenzité¢ BOLD signalu vyplyvajici z kontrastu mezi pacienty a kontrolami byly podminény
castecné odliSnymi fenomény (Obrazek €. 3 — dole). U pacientii byl tento rozdil podminén
nedostateCnou aktivaci pravostranného SM kortexu za soucasné relativni hypoaktivace
levostranného SM kortexu, pravostranného SII kortexu a inzuly. Premotoricky kortex vlevo se
u pacientti prakticky neaktivoval viibec, podobn¢ jako se u zdravych osob neaktivovala prava
pfedni inzula nebo SII kortex.

Faktor obsahu psaného projevu (psani/nahodné kresleni) a faktor vizualni zpétné
vazby (pritomnost/absence) se ukazaly jako vyznamné u obou skupin subjektu (Tabulka ¢. 4).
Z4dna interakce mezi faktory a skupinou subjektli viak vyznamna nebyla. P¥i psani pismene
doslo u pacienttl i zdravych osob k podobnému zvySeni aktivity levostranného SM kortexu ve
srovnani s ndhodnym kreslenim ¢ary. Podobné i za pfitomnosti zrakové kontroly doslo u obou
skupin subjekti ke shodnému navySeni aktivity sekundarni zrakové kury za soucasné

deaktivace prefrontalni kiiry (Obrazek ¢. 4).
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Obrazek ¢. 2. Zmény BOLD signalt u kontrol (N=11) a pacientl s pisaiskou kieci (N=11)
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a) - bez zohlednéni téchto parametrti doslo ke snizeni BOLD signalu u pacientli s pisafskou kie¢i jen
Vv rolandické oblasti pravé hemisféry, b) - pfi pouziti doby psani, délky a trajektorie ¢ary jako kovariat je snizeni

BOLD signalu patrné i v dalSich oblastech obou hemisfér (skupinova analyza na hlading p<0.05 s FWE korekci).
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Obriazek €. 3. Pokles BOLD signalu u pacientl s pisaiskou kie¢i (N=11) ve srovnani se
zdravymi osobami (N=11) pfi provadéni komplexnich pohybti bez ohledu na typ pisemného
projevu a na piitomnost zrakové zpétné vazby; skupinova analyza na hladiné p<0.05 s FWE

korekci.
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Horni éast obrdazku: vysledky skupinové analyzy fMR na vybranych axialnich a sagitalnich fezech.

Dolni ¢ast obrdazku: skupinova analyza fMR s odhady kontrastu (= 90% interval spolehlivosti) ve vybranych
klastrech z horni ¢asti obrazku v zavislosti na obsahu pisemného projevu (W — psani pismene, R — kresleni
nahodného obrazce) a na piitomnosti zrakové zpétné vazby (V — piitomna, N — neptitomna). Bilé sloupce
vyjadiuji odhady kontrastu ve skupin€ zdravych osob, Sedé sloupce u pacientti s pisaiskou kieci.

a — premotoricky kortex vlevo, b — ptedni insula vpravo, ¢ — Sl kortex vpravo, d — SM kortex vlevo, e — horni
parietalni kortex vpravo, f— SlI kortex vpravo, (g — SM kortex vlevo, h — horni parietalni kortex vlevo, i — SMA

vlevo)
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Tabulka €. 3. Pokles BOLD signalu u pacient s pisafskou kieci (N=11) v porovnani se

zdravymi jedinci (N=11); skupinova analyza S FWE korekci na hladiné P<0.05

Kompleni uloha: BA X y z k T P

g. frontalis sup. sin. (premotor. k) 6 -16 -8 62 106 6.78 0.00002
s. centralis sin. (SM) 4,3,1,2 -50 -16 44 40 5.68 0.003
lobulus paracentralis sin. (SMA) -10  -22 49 161 5.93 0.001
lobulus parietalis sup. sin. 7 -22  -60 62 28 5.23 0.01

g. postcentralis dx. (SI) 3,12 54  -26 44 } 6.99 0.00002
s. centralis dx. (SM) 4,3,1,2 44 20 44 1057 6.60 0.0001
g. postcentralis dx. / parietalni operculum (SIl) 50 -4 14 6.02 0.0009
g. frontalis inf. dx. / pfedni insula 34 34 8 376 6.59 0.0001
lobulus parietalis sup. dx. 7 22 -46 58 79 5.9 0.001

uloha s jednoduchymi pohyby:

bez signifikantnich zmén

BA — Brodmanova area; X, Yy, Z — MNI koordinaty; k — velikost clusteru; T — statisticka hodnota, P — bez korekce

Obrazek ¢. 4. Efekt pisemného projevu a pritomnosti zrakové zpétné vazby na zménu BOLD
signalu béhem ulohy s komplexnimi pohyby v obou skupinach subjekti (N=22); skupinova
analyza na hlading p<0.05 s FWE korekci.
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Horni éast obrazku: vysledky skupinové analyzy fMR na vybranych fezech.

Dolni ¢ast obrdazku: skupinova analyza fMR s odhady kontrastu (= 90% interval spolehlivosti) ve vybranych
klastrech z horni ¢asti obrazku v zavislosti na typu pisemného projevu (W — psani pismene, R — kresleni
nahodného obrazce) a na ptitomnosti zrakové zpétné vazby (V — piitomna, N — nepfitomna). Bilé sloupce
vyjadiuji odhady kontrastu ve skupiné zdravych osob, $edé sloupce u pacientu s grafospasmem.

a — SI a horni parietalni kortex vlevo, b — V4 a V5 kortex oboustranng, ¢ — s. paracinguli vpravo
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Tabulka ¢. 4. Efekt psaného projevu a vizualni zpétné vazby na hodnotu BOLD signalu pii
uloze s komplexnimi pohyby u obou skupin (N=22); skupinova analyza s FWE korekci na
hladiné P<0.05.

Komplexni itloha: BA X y z k T P
PSANI > CMARANT:

g. postcentralis sin. (SI) 3,12 -16 -32 68 ] 54 4.43 0.002
lobulus parietalis sup. sin. 7 -20  -40 66 4.56 0.002
CMARANI > PSANI:

Bez signifikantnich zmén

VIZUALNI ZPETNA VAZBA > BEZ VAZBY:
okcipitalni kortex sin. V4, V5 42 72 -6 3147 11.24 10°
okcipitalni kortex dx. V4, V5 30 -94 4668 15.64 10°

oo

BEZ VAZBY > VIZUALNI{ ZPETNA VAZBA:
s. paracingularis sin. 12 54 12 26 5.57 0.005

BA — Brodmanova area; X, Y, Z — MNI soufadnice; k — velikost clusteru; T — statistickd hodnota, P — bez korekce

Jednoducha pohybova uloha

Pocet a trvani jednotlivych pohybli se mezi obéma skupinami subjektd nelisil.
Provadéni jednoduchych pohybti bylo u zdravych osob i u pacientli s pisarskou kie¢i spojeno
s o¢ekavanym vzestupem BOLD signalu v obvyklych motorickych a senzorickych oblastech
mozku. Pfi vzdjemném srovnani obou skupin se vSak zadné signifikantni rozdily v aktivaci

mozkové kliry neprojevily.

3.4. Diskuse

Provadéni komplexniho pohybu bylo u pacientil s pisatskou kie¢i spojeno s vyznamnou
zménou BOLD signdlu v fadé¢ motorickych i non-motorickych oblasti obou hemisfér a to i
piesto, ze z hlediska kinematickych parametr se pohybovy vykon mezi pacienty a kontrolni
skupinou nijak nelisil (Tabulka ¢. 3). Tento nalez ptitom nereflektuje klinickou manifestaci
dystonie, protoze béhem fMR vysetieni u Zadného z pacienti nebyly projevy dystonické kiece
zaznamenany. Jednalo se spiSe o projev odlisné funkéni organizace kortexu GF pacientd,
ktery reagoval masivni deaktivaci, vyvolanou vyhradné v kontextu provadéni komplexniho
pohybu — psanim pismene ¢i kreslenim jednoduchého obrazce, tedy jesteé diive nez se

dystonicka kiec¢ stacila projevit. Tito pacienti pfitom pii dlouhodobé zat€zi komplexnim
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pohybem v testu s opisovanim textu (pfed fMR experimentem) reagovali o¢ekavanym
zpusobem. Do dvou minut rozvinuli pisaiskou kie¢, ktera oproti kontrolni skupiné zhorsila
jejich pisemny projev o 40%. Naopak pii provadéni jednoduchého pohybu, ktery k dystonii
nikdy nevedl, se funkcéni obraz aktivovanych oblasti mozku od nalezu zdravych osob viibec
nelisil (Tabulka ¢. 3).

Nase vysledky jsou tedy v souladu s dualistickym chovanim senzorimotorického
kortexu, kdy pfiprava a provadéni volniho pohybu muize byt realizovana dvéma zpusoby —
fyziologickym nebo patologickym. Navazujeme tim na nékteré predchozi prace, které u
pacientll popsaly korelat dystonické kiece (Ceballos-Baumann et al., 1997; Hu et al., 2006;
Ibanez et al., 1999; Lerner et al., 2004; Odergren et al., 1998; Pujol et al., 2000) nebo hledaly
zmeény  kortikdlni  aktivace béhem  pohybu, ktery kie¢ béhem experimentu
nevyvolaval.(Butterworth et al., 2003; Ibanez et al., 1999; Islam et al., 2009; Odergren et al.,
1998; Oga et al., 2002; Peller et al., 2006; Wu et al., 2009) Pohyby, které k dystonické kieci
nevedou, byvaji spojeny se sniZzenou aktivitou premotorickych a motorickych oblasti, zatimco
pohyby, které jsou s dystonickou kie¢i spojeny, byvaji doprovazeny abnormalné zvySenou
kortikalni aktivitou (Tabulka ¢. 1).

Oproti doposud publikovanym studiim (Tabulka ¢. 1) zaméfenych na funk¢ni
zobrazovani pisaiské kieCe jsme pouzili parametricky design fMR, ve kterém jsme zohlednili
dobu stravenou psanim pismene ¢i obrazce, délku napsané ¢ary a jeji komplexitu. Vychazeli
jsme pfitom z ptedpokladu, Ze pouziti kovariat zahrnujici zédkladni kinematické parametry
pohybu umozni eliminovat interindividualni variabilitu kortikalni aktivace vyplyvajici
vyhradné z fyzikédlnich vlastnosti pohybu a dovoli zvyraznit meziskupinové rozdily
souvisejici s odliSnym planovanim a fizenim pohybu. To se ukazalo jako spravné, protoze za
pouziti kovariat doSlo nejen ke zvyraznéni stavajiciho vysledku v pravé hemisféfe, ale i1 k
zobrazeni dalSich oblasti vlevé hemisféfe, které by bez kompenzace na kinematické
parametry zUstaly nepoznany (Obrazek ¢. 2).

Pii provadéni komplexniho pohybu (bez ohledu na psani ¢i kresleni) byla u naSich
pacientli ve srovnani se zdravymi kontrolami kortikalni aktivita zaznamenana vyhradné jako
snizena (Obrazek €. 3 nahote, Tabulka ¢. 3). Ackoliv tento vzorec vypadal v fad¢ oblasti
uniformné, byl v riznych ¢astech kortexu podminén dvéma odlisnymi fenomény (Obrazek ¢.
3a-f). V prvni fad¢ $lo o nedostate¢nou aktivaci, ktera se tykala SM kortexu pravé (k pohybu
ipsilateralni) hemisféry, jenZ se pfi pohybu sice aktivoval, ale ve srovnani s kontrolami pfilis
malo. Na druhé strané Slo o absenci nebo dokonce o hypoaktivaci oblasti, které se u zdravych

osob obvykle aktivovaly. Absence BOLD odezvy postihla prevazné premotoricky kortex levé
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(k pohybu kontralateralni) hemisféry a posteriorni parietalni kortex oboustranné. K
hypoaktivaci BOLD signalu doslo jen v SM kortexu lateralné, v pravostranném SII kortexu a
insule — tedy v oblastech, které se u zdravych osob do komplexniho pohybu nezapojily vibec.

Celkove jde tedy o relativné slozity proces, ktery naznacuje, Ze fizeni komplexniho
pohybu je u pacientl S pisafskou kie¢i organizovano zcela odliSnym zptsobem. Lze pfitom
jen tézko rozhodnout, zda je tento vzorec kortikalni aktivity jen projevem patologie, ktery
dystonické kie¢i piedchéazi, nebo zda je o projev adaptivni kompenzace, kterou se mozek
dystonii snazi zabranit.

Nejvétsi zmeény jsme dle ocekavani zaznamenali v senzorické casti SM kortexu a dale
v SlI kortexu. To je v souladu s dobie znamou piedstavou o aberantnim zapojeni receptivnich
poli somatosenzorické kury,(Bara-Jimenez et al., 2000b; Braun et al., 2003; Elbert et al.,
1998; Fiorio et al., 2006; Meunier et al., 2001; Nelson et al., 2009) hypotézou o porusené
senzorimotorické integraci na kortikalni trovni (Abbruzzese et al., 2001; Roze et al., 2009;
Vidailhet et al., 2009) ¢i s vysledky mnoha funkéné zobrazovacich studii.(Butterworth et al.,
2003; Hu et al., 2006; Ibanez et al., 1999; Islam et al., 2009; Lerner et al., 2004; Odergren et
al., 1998; Oga et al., 2002; Wu et al., 2009) Vysledky nasi ptedchozi prace rovnéz potvrdily,
ze SI kortex hraje v patogenezi dystonie vyznamnou roli, protoze repetitivni transkranialni
magneticka stimulace cilend na tuto oblast méla u pacientd S pisafskou kieci jednozna¢né
pozitivni efekt.(Havrankova et al., 2010)

Nizsi intenzitu BOLD signalu v SM jsme u pacientli zaznamenali bilateraln€. To neni
piekvapivé, protoze komplexni pohyb je na rozdil od jednoduchého pohybu spojen vice
s oboustrannou aktivaci senzorickych i motorickych oblasti,(Catalan et al., 1998) podminénou
existenci Cetnych recipro¢nich transkalosalnich spoju.(Killackey et al., 1983; Pons and Kaas,
1986) Bohaté propojeni obou hemisfér muze proto usnadnit rozvoj dystonie i na puvodné
nepostizené konceting.(Sheehy and Marsden, 1982) Bilateralni pokles aktivity SM kortexu
vykazoval u nasich pacientll paradoxné vétsi pokles v ipsilateralni hemisféfe, coz mize
svédc¢it pro potlaceni aberantni transcallosalni koaktivace a pro relativni posileni role
kontralateralniho SM kortexu. Oboustranné snizeni aktivity postihlo u nasich pacientt také
PPC, ktery patii do somatosenzorického asocia¢niho kortexu podilejicim se na integraci a
analyze somestetickych podnétt,(Knecht et al., 1996) jehoz dysfunkce byla v souvislosti s GF
pozorovana jiz dfive.(Butterworth et al., 2003) Funk¢ni zmény v primarni motorické kuie
(M1) byly oproti postizeni somatosenzorickych oblasti nesrovnatelné mensi. To miize souviset
s tim, Ze k vyrazné&j$im zménam v aktivit¢ Ml dochazi obvykle az v souvislosti se vznikem
dystonické kiece.(Lerner et al., 2004; Odergren et al., 1998)
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S odlisSnym zplisobem fizeni motorického aktu u pisaiské kiece pravdépodobné
souviselo 1 snizeni aktivace premotorické kiiry a SMA, ktera se podili na pifipravé volniho
pohybu (Ibanez et al., 1999) a jeho spravném nacasovani.(Tanji, 2001) Jeji funkce byva
spojovana s motorickym ucenim i kognitivni kontrolou pohybu.(Nachev et al., 2008) Kromé
ptipravy volnich pohybt se SMA podili také na potlaceni pohybti nechténych.(Dinomais et
al., 2009; Jaffard et al., 2008) SniZzena aktivita by proto mohla souviset s poruchou schopnosti
SMA potlacovat ,,overflow* a vznik aberantnich dystonickych pohybu. Jeji dysfunkce se
ziejmé podili i na samotném rozvoji dystonie (Guehl et al., 2009), svédéi proto ¢etné nalezy
abnormaln¢ snizené aktivity SMA u dystonickych pacientt.(Ceballos-Baumann et al., 1995;
Islam et al., 2009; Lerner et al., 2004; Oga et al., 2002)

Otazkou ztstava, pro¢ doslo u naSich pacientti k deaktivaci také v pfedni Casti pravé
insuly. Nizsi aktivita pfedni inzuly byly u GF pacientd pozorovana jiz né¢kolikrat.(Havrankova
et al., 2010; Hu et al., 2006; Lerner et al., 2004; Peller et al., 2006) Lze jen spekulovat, zda
jde o projevy nociceptivnich mechanismu (Treede et al., 1999) nebo zménéného subjektivniho
vnimani vlastnich pohybu, (Craig, 2009; Tsakiris et al., 2007) které mohou dystonii
doprovazet.

Obsah psaného projevu (psani versus ndhodné kresleni) nevedl u nasich GF pacientl ve
srovnani se zdravymi 0sobami k odlisné aktivaci senzorimotorického systému. Povazujeme to
za jeden z hlavnich nalezi nasi studie. Vysledek to neni az tak piekvapivy, protoze v obou
piipadech se jednalo o relativné kratky komplexni pohyb ruky, ktery dystonii nestacil
nevyprovokovat. Zda se tedy, Ze obsah psaného projevu nepfedurCuje — alespon ve své
inicialni fazi — zda se dystonicka kie¢ objevi ¢i nikoliv. Dé&je se tak presto, ze psani pismene
vice zaméstndvalo SM kortex kontralateralni hemisféry v oblasti pro ruku (Obrézek €. 4), coz
Ize z hlediska iniciace dystonické kieCe povazovat za vice rizikové. Ke zvySené aktivaci této
oblasti pfi psani ve srovndni s ndhodnym kreslenim doslo pfitom u obou skupin subjektil
podobnym zpusobem (Tabulka ¢. 4) a bylo zaznamenano v souvislosti se psanim jiz
diive.(Brownsett and Wise, 2010)

Ptitomnost ¢i absence vizudlni zpétné vazby nevedla u GF pacienti ve funkénim
zobrazeni mozku oproti normam k zadnym podstatnym rozdilim. To je v souladu s vysledky
predchozich studii, které vyznam vizualni zpétné vazby u GF studovaly rovnéz s negativnim
nalezem.(Chakarov et al., 2006; Prodoehl et al., 2006) Samotna vizualni kontrola
provadéného pohybu vedla pfitom shodné u naSich pacient i norem k rozsahlé bilateralni
aktivaci extrastriatalniho vizudlniho kortexu, zahrnujici areu V5 zodpovédnou pravé za

percepci vidéného pohybu.(Bartels et al., 2008) Pokud byl komplexni pohyb vykonavan
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s vylouenim zrakové vazby, ptevzal kontrolni tlohu pravdépodobné medialni frontdlni
kortex (Obrazek ¢. 4), ktery byva aktivovan pii ulohach zaméfenych mj. na sebekontrolu,
pozornost a korekci chyb.(Meunier et al., 2001; Paus, 2001) K jeho aktivaci doslo u GF

pacientll a norem v podobném rozsahu (Tabulka ¢. 4).

3.5. Zavér

Prokézali jsme, ze u pacientll s pisaiskou kie¢i dochdzi oproti zdravym osobam
k rozsahlym zménam aktivace mozkové kury pii provadéni komplexnich, ale nikoliv
jednoduchych pohybii postizenou rukou. Tyto zmény byly pfitom nezavislé na obsahu
psaného projevu ¢i piitomnosti vizualni zpétné vazby. Na rozdil od ptedchozich studii jsme
pouzili parametricky design fMR s pouzitim kinematickych parametrd, které umoznily
potlacit interindividudlni rozdily v pohybu ruky a vyjadfit hlavni podstatu odlisného
kortikalniho motorického vzorce GF pacientii. Veskeré pozorované zmény se pritom u GF
pacientti projevily snizenim BOLD signalu. Maximalni pokles byl patrny v sensorimotorické,
premotorické kute, SMA a dalSich oblastech obou hemisfér — tedy v oblastech, které se
ucastni pfipravy a fizeni volniho pohybu. Tyto zmény pfitom nebyly vazany na vyvolani
dystonie ruky behem fMR experimentu, coz podporuje teorii dualistického chovani

sensorimotorickych oblasti u pisatské kiece.
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4. Studie ¢. 2. Repetitivni transkraniilni magnetické stimulace primarni

somatosensorické kiiry u pacienti s pisarskou kie¢i

Souhrn

Cilem této prace bylo ovlivnit pfiznaky pisatfské kiece pomoci repetitivni transkranialni
magnetické stimulace (rTMS) cilené na kontralateralni primani somatosensorickou ktiru (SI). Jednalo
se o placebem kontrolovanou jednoduse zaslepenou studii.

Studie se skladala ze dvou ¢asti, pilotni a terapeutické. Do pilotni studie jsme zatadili 9
pacientek, do terapeutické 11 pacientd s pisarkou kieéi. Tito pacienti byli 1é¢eni pomoci 30
minutovych blokti rTMS cilenych nad primarni somatosensorickou kiru (SI) po dobu 5 dnti. Pred a
po rTMS byla provedena funkéni magneticka rezonance (fMR) pii vykonavani jednoduchych
aktivnich a pasivnich pohybti postizenou koncetinou.

V pilotni studii byla stimula¢ni civka cilena nad SI do mista, které odpovidalo maximalnimu
BOLD (blood — oxygenation - level - dependent) signalu v SI pii vykonavani pasivnich pohybi
postiZzenou konéetinou. V terapeutické ¢asti studie byl cilem piimo levy sulcus postcentralis.

Po redlné rTMS doslo u 4 pacientt z pilotni studie a 10 pacientli z terapeutické studie
k subjektivnimu i objektivnimu zlepSeni pisma. Po placebo rTMS nebyly pozorovany signifikantni
zmeny pisma u zadného z pacienttl.

Po realné rTMS zaroven dosSlo ke zménam BOLD signalu, hlavné pfi aktivnich pohybech
postizenou koncetinou. Jednalo se o zvySeni signalu oboustranné v oblasti Sl, dale posteriorni
parietalni kliry a suplementalni motorické arey (P<0.001 s korekci). Po placebo rTMS zmény BOLD
signalu pozorovany nebyly.

rTMS cilena nad SI karu tedy pozitivné ovliviiuje klinické ptiznaky pisafské kiece a tento

efekt je doprovazen reorganizaci SI a dalSich oblasti.

4.1. Uvod

Pisarska kiec je nejCastéjsim zastupcem ze skupiny task — specific fokalnich dystonii,
projevuje se ko — kontrakcemi agonistickych i antagonistickych svali predlokti a ruky.
Klinické obtize se manifestuji pfevazné pii psani. (Marsden and Sheehy, 1990)

Lécbou prvni volby je vsoucasné dobé lokalni injekéni aplikace botulotoxinu do
postizenych svalt, ktery vyvolava jejich doc¢asnou denervaci (Cohen et al., 1989). Kromé¢
lokalniho efektu, byly popsany po aplikaci botulotoxinu i zmény motorického systému na

urovni centralni. (Byrnes et al., 1998; Ceballos-Baumann et al., 1997) Ostatni 1é¢ebné metody
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jsou pouze experimentalni, pfevazné zalozené na sensorickém (Zeuner et al., 2002; Zeuner
and Hallett, 2003) nebo motorickém tréninku postizené koncetiny (Zeuner et al., 2008; Zeuner
et al.,, 2005). Téz jsou popsany jednotlivé piipady tspésné hluboké mozkové stimulace u
pacientt s pisafskou kieci. (Fukaya et al., 2007; Cho et al., 2009)

Jinou moznosti ovlivnéni pisaiské kiece je repetitivni transkranidlni magneticka
stimulace (rTMS). rTMS je charakterizovana pravidelné se opakujicimi magnetickymi
stimuly, které aplikujeme nad mozkovou kiiru pacienta. Zatimco botulotoxin ovliviiuje
mozkovou kiiru nepfimo ptes nervosvalové ploténky zménou proprioceptivni zpétné vazby
(Abbruzzese et al., 2001), rTMS ptisobi pfimo na trovni mozkové kiry. Po aplikaci 1 Hz
rTMS cilené na kontralateralni motorickou kiiru pozorovali pacienti s pisaiskou kie¢i zlepSeni
asi v50% ptipadd. (Siebner et al., 1999) V dalsich studiich byla rTMS cilena na
kontralateralni premotorickou ktiru. V prvni studii nebyl patrny terapeuticky efekt, ale byly
pfitomny zmény aktivity zobrazitelné pomoci PET v oblasti premotorické kury, bazalnich
ganglii a mozecku (Siebner et al., 2003). V druhé studii byl naopak pfitomen pozitivni
terapeuticky efekt na dystonické obtize. (Murase et al., 2005)

VysSe uvedené prace SrTMS se zaméfily na ovlivnéni pisaiské kiece pres motoricky
systém, nicméné byla publikovana tada studii, které dokazuji moznost ovlivnéni klinickych
pfiznakli 1 pfes systém somatosensoricky. Mimo pozitivniho efektu geste antagoniste,
miZeme jmenovat pozitivni efekt somatosensorického tréninku (Zeuner and Hallett, 2003)
nebo perkutalnni elektrickou stimulaci. (Tinazzi et al., 2005)

Vznik pisafské kiece neni doposud zcela osvétlen, ale kliCové jsou zmény
vV somatosensorickém a motorickém systému, porusena sensorimotoricka integrace a zmény
motorického uceni. To vSe vede pravdépodobné K ,,pfeuceni* psani u disponovanych jedinct.
Tuto teorii podporuje 1 samotny nazev onemocnéni, protoze puvodné se jednalo o onemocnéni
profesionalnich pisaft, ktefi travili psanim mnoho hodin. Nadmérnou psaci zatéz jako
vyznamny rizikovy faktor potvrzuje i soucasné studie velkého souboru pacientl s pisaiskou
kteci. (Roze et al., 2009)

Dlouhodobé motorické uceni byva spojeno se zvySenou aktivaci, zvétSenim a
prekryvanim receptivnich poli v SI kife (Candia et al., 2003; Elbert et al., 1998; Floyer-Lea
and Matthews, 2005). Podobné zmény byly nalezeny i u zvifecich modeli dystonie
zalozenych na opakovaném aktivnim pohybu koncetinou (Blake et al., 2002; Byl et al., 1997).
Nékterd zvifata ale vyvinula dystonické obtiZze i po opakovaném vykonavani pasivniho
pohybu (Byl, 2007). Ztoho vyplyva, ze dystonie se u predisponovanych jedinci mize

v

vyvinout ,piehlcenim® somatosensorického ¢i proprioceptivniho vstupu. To vede
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k abnormalni pfestavbé nejprve somatosensorickych, ale pozdéji i motorickych korovych
oblasti.

Vsechny tyto vysledky podporuji hypotézu, ze pisarska kie¢ miize byt ovlivnéna pies
somatosensoricky systém.

V nasi studii jsme se pokusili ovlivnit klinické pfiznaky pisaiské kiece pomoci 1 Hz
TMS cilené na kontralateralni priméarni somatosensorickou kiru (SI rTMS). Zvolili jsme
nizkofrekven¢ni stimulaci pro jeji znamy inhibi¢ni efekt na mozkovou kuru (Chen et al.,
1997a) a dale pro moznost ovlivnéni taktilni diskriminace (Knecht et al., 2003; Satow et al.,
2003).

Krom¢ mozného terapeutického efektu jsme sledovali i zmény aktivace mozkové klry
vV obraze funk¢éni magnetické rezonance (fMR). fMR byla provedena pii vykonavani
jednoduchych aktivnich a pasivnich pohybt postizené konéetiny. Aktivni i pasivni provedeni
pohybti jsme volili proto, Zze kazdy typ pohybu je zajiStovan odliSnymi mechanismy
(Dinomais et al., 2009; Mima et al., 1999; Reddy et al., 2001; Weiller et al., 1996). Zatimco
aktivni pohyb musi byt naplanovan, kontrolovan, proveden, pasivni pohyb je spojen spise
spercepci a vé€domou svalovou relaxaci. Pokud SI rTMS vyvold zmény predevSim
Vv planovani, kontrole motorického aktu, zmény v obraze fMR by mély byt patrné hlavné pii
aktivnim pohybu. Pokud ale SI rTMS vyvola zmény pievazné v propriocepci, mely bychom
zmeény v aktivaci mozkové klry pozorovat pifi obou typech pohybt, protoze proprioceptivni
zpétna vazba je spole¢nd pro oba typy pohybli. A nakonec pokud bude ovlivnéna pomoci

rTMS pouze percepce, zmény by se mély projevit jen pifi pasivnich pohybech.

4.2. Pacienti a metoda

Studie se skladala ze dvou casti — pilotni a terapeutické studie.

Do pilotni studie bylo zatazeno 9 pacientek s pisafskou kie¢i, primérny vék 42.5 + (SD)
9 let. Terapeutickou studii absolvovalo 11 pacienti S pisafskou kie¢i (8 Zzen a 3 muzi),
prumérny vék 40.3 & 3 roky. P&t z téchto pacienti predtim proslo pilotni studii (Tabulka €. 1).
Vsichni pacienti byli pravaci, délka onemocnéni se pohybovala mezi 2 — 11 lety. Ctyfi
pacienti v pilotni studii a pét pacientl v terapeutické studii trpélo simplexni formou pisarské
ktece, U ostatnich byla pfitomna dystonick4 forma onemocnéni.

Ctyfi pacienti z kazdé studie byli v minulosti 1é¢eni botulotoxinem, posledni aplikace

probéhla nejméné Ctyii meésice pied vstupem do studie. U Zadného z pacientti nebyl pii vstupu
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do studie subjektivné ani objektivné patrny efekt botulotoxinu. Do studie byli zatazeni pouze
pacienti s rozvojem dystonie v dospélosti, u kterych nebyla prokazana sekundarni pfic¢ina
vzniku pisaiské kiece.

Vsichni pacienti podepsali pied vstupem do studie informovany souhlas, vlastni

protokol studie byl schvalen mistni etickou komisi.

Priibéh studie

Kazdy pacient absolvoval v ramci studie dva Ctyitydenni bloky, jeden s realnou rTMS,
druhy s placebo (falesnou) rTMS v nahodném pofadi. Jedna rTMS aplikace trvala 30 minut a
byla opakovana 5 po sobé nasledujicich dni v kazdém bloku. Abychom minimalizovali efekt
placeba, byli pacienti informovani tak, Ze oba bloky mohou mit pozitivni klinicky efekt a jsou
provadény jen jinym technickym postupem.

Mira dystonickych obtizi byla sledovana subjektivné i objektivné nejprve pied redlnou
¢i placebo rTMS (den 0, vizita V1), ihned po jejim skonéeni (den 5, vizita V2) a dale
S odstupem jednoho tydne (den 14, vizita V3) a tii tydnt (den 28, vizita V4). Pacienti byli
stejnym zpusobem testovani pred a po druhém bloku rTMS (opét vizity V1, V2, V3, V4).
Druhy blok stimulace byl zahdjen tehdy, kdyz pacient jiz nepozoroval klinicky efekt
ptedchoziho bloku a od konce ptedchozi stimulace uplynuly nejméné 3 tydny.

Pozice hot — spotu stimula¢ni civky byla definovana odli$né v obou ¢astech studie:

V pilotni studii byly pro vyhledani cile — primani somatosensorické kiry — vyuzity
vysledky funkéni magnetické rezonance v pribéhu pasivnich pohybt postizenou koncetinou.
Civka byla zacilena nad misto s maximalnim BOLD signalem v SI kontralateralng k postizené
konceting.

V terapeutické studii byl cil pozménén dle vysledku pilotni studie. Pfi analyze vysledkia
pilotni studie bylo zjiSténo, Ze pacienti, u kterych byl patrny terapeuticky efekt realné rTMS
(respondéfi), byli stimulovani v oblasti sulcus postcentralis. Proto byl cil v terapeutické studii
umistén do oblasti sulcus postcentralis kontralateraln¢€ k postizené koncetiné€. Jako respondéti
byli oznaceni pacienti, u kterych subjektivni a objektivni zlepSeni pisma po realné rTMS

dosahlo alespon 25% a po placebo rTMS nebylo patrno srovnatelné zlepseni.
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Klinické vysetieni

Tizi dystonie jsme objektivné hodnotili podle Burke — Fahn - Marsdenovy dystonické
skaly (BFMDS) a dale pfi opisovani textu V délce dvou minut. Subjektivné pacienti hodnotili
postizeni funkce ruky pii psani (v % normalniho psani) (FR) a intenzitu bolesti ruky (BR) pii
psani — oboji pomoci vizualnich analogovych skal.

Subjektivni efekt rTMS na psani (SEP) a objektivni efekt na kvalitu pisma (OEP) byly
hodnoceny béhem vizit V2, V3 a V4 po realné ¢i placebo rTMS. OEP byl hodnocen tfemi
nezavislymi hodnotiteli (FR, PD, SH). Hodnocen byl celkovy charakter rukopisu - zda doslo
k jeho zlepseni ¢i zhorSeni vici vizit€ V1. Hodnotitelné nebyli samoziejmé informovani, zda
hodnoti pismo po realné nebo placebo stimulaci a téz potadi vizit V2 , V3 a V4 bylo nahodné
ménéno.

Pro hodnoceni SEP a OEP byla vyuzita semikvantitativni Skala, kde bylo mozné
zlepSeni hodnotit jako maximalni (+100%), vyrazné (+75%), stfedni (+50%), mirné (+25%)
nebo hodnotit jako beze zmény (0%) a téZ zhorSeni hodnotit jako mirné (-25%), stfedni (-
50%), vyrazné (-75%) nebo maximalni (-100%) vuéi vizit¢ V1. Shoda mezi jednotlivymi
hodnotiteli v OEP byla vypocitana podle Spearmanova korelaéniho koeficientu. Pro dalsi
analyzu jsme pak vyuzili primérné OEP skoére vSech tii hodnotiteltl.

Data byla analyzovana pomoci SPSS 11.5 softwaru (SPSS Inc., Chicago, IL). Zatimco
vysledky pilotni studie byly analyzovany pouze pomoci deskriptivnich statistickych metod,
vysledky terapeutické studie byly testovany testy na normalitu distribuce a poté jeste
neparametrickymi testy. Subjektivni a objektivni hodnoceni vSech vizit byla testovdna pomoci
Fridmanova testu na efekt pofadi a dale u kazdého bloku (redlné ¢i placebo rTMS) byla
korigovéana na viceCetnd srovnani (Bonferroni).

Signifikantni vysledky byly dale analyzovany post hoc pomoci Wilcoxonova testu, kde
byl kazdy parametr kazdé vizity porovnan mezi redlnou a placebo rTMS (napt. SEP V2 po
realné rTMS bylo porovnano s SEP V2 po placebo rTMS).

Provedeni rTMS

Kstimulaci jsme pouzili Magstim Rapid stimulator (Magstim, Whitland, UK)
propojeny s vzduchem chlazenou osmic¢kovou civkou o priméru 70 mm. PouZili jsme
bifazickou stimulaci o frekvenci 1 Hz. Stimulace byla podprahova, stimulovali jsme 90%

aktivniho motorického prahu. Motoricky préh byl uréen pii 30% izometrické prekontrakci m.
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abductor pollicis brevis dx. jako hodnota intenzity stimulace, pfi které bylo vybaveno 50%
motorickych odpovédi (z deseti pokusti) o amplitudé vyssi nez 150 pV.

Za pét dnii pacient absolvoval celkem pét aplikaci rTMS o celkové davee 9000 stimuli
(1800 stimulti denné¢ po dobu 30 minut). Civka byla nad pifedem urceny cil navigovana
pomoci systému bezradmové stereotaktické navigace Brainsight (Magstim, Whitland, UK)
vyuzivajici koregistraci MR snimk pacienta.

Pti redlné rTMS byla civka umisténa tangencialné ke skalpu s hot spotem naléhajicim
na skalp pacienta. Pii placebo rTMS byla civka pootocena o 90 stupii a dotykala se skalpu
pacienta jednim ze svych ramen. Parametry obou stimulaci byly identické a civka byla vzdy
pevné uchycena v rameni stereotaktické navigace, aby nemohlo dojit k jejimu posunu v
prubéhu stimulace. Pfi realné rTMS bylo po celou dobu stimulace vizualné kontrolovano, zda
nedoslo k odchyleni civky €1 hlavy pacienta od pozadovaného cile.

V pilotni studii byla civka navigovana nad primarni somatosensorickou kiiru
kontralateralné K postizené konceting, cil byl umistén v oblasti maximalniho BOLD signalu
v oblasti SI dle vysledkt fMR pii provadéni pasivnich pohybu.

V terapeutické studii byla pouzita prakticky identickd pozice cile u vSech pacienti. Cil
byl definovan ve standartizovaném stereotaktickém prostoru (Montreal Neurological Institute)
jako prumér koordinat pozic hot - spotu civek respondér pilotni studie (pacientt, ktefi
pozorovali pozitivni efekt po realné rTMS v pilotni studii). Tento primér byl zpét promitnut
do normalniho MR obrazu kazdého pacienta terapeutické studie pomoci SPM 5 softwaru (The

Wellcome Department of Imaging, London, UK).

fMR vysetieni

fMR v této studii byla provadéna pifi jednoduchych aktivnich a pasivnich pohybech
postizenou koncetinou.

V tloze s aktivnimi pohyby mél pacient za ukol provést flexi nésledovanou extenzi
v metakarpofalangealnich a proximalnich interfalangealnich kloubech Il. — V. prstu pravé
ruky. Za dobu trvani tlohy (piiblizné 6 minut) mél za kol provést pfiblizn¢ 10 téchto
pohybil. Nesmél mezi nimi vSak pocitat ¢i jinak odhadovat ¢as. Kazdy pohyb trval ptiblizné 5
sekund.

Uloha s pasivnimi pohyby byla provadéna stejnym zptisobem s tim rozdilem, Ze

pasivni pohyby provadél vySetifujici a pacient mél za tkol jen maximalné uvolnit
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vySetfovanou koncetinu a pohyblim se nebranit. V mezidobi mezi pohyby vySetiujici drzel
pacientovy prsty v mirné semiflexi. U v8ech pacientli pasivni pohyby provadél tyz vySetiujici.

Vysetieni magnetickou rezonanci bylo provedeno na pfistroji Siemens Symphony 1.5
Tesla (Erlangen, Germany). Vysetieni fMR byl provedeno pomoci gradient echo planarni
T2*—vazené sekvence o nasledujicich parametrech: TR = 2900 ms; TE = 56 ms; FA = 90st.
Béhem kazdé sekvence fMR, ktera trvala 6 minut a 11 sekund, bylo ziskano 128
dynamickych snimkt, které¢ se skladaly z 27 axidlnich ezl o tloustce 4mm. Dale byla u
kazdého pacienta doplnéna T1 vazena sekvence o 160 axialnich snimcich pii tloust’ce snimku
1.6 mm s témito parametry: TR = 2140 ms; TE = 3.93 ms; FA = 15st; TI = 1100 ms.

Pro piesnou detekci pocatku a konce kazdého pohybu i zptsobu jeho provedeni jsme
vytvortili specidlni metodu videomonitorace synchronizované se signdlem magnetické
rezonance. Preprocesing dat fMR a jejich statisticka analyza byly provedeny pomoci SPM 5
softwaru (Institute of Neurology, University College London). Preprocesing se skladal
Z odstranéni pohybovych artefaktl jednotlivych snimki (realignment), dale z jejich ¢asového
uspofadani (slice — time correction), z normalizace dat do jednotného standartizovaného
stereotaktického prostoru (Montreal Neurological Institute) (normalization) a z izotropického
rozostieni na 8mm Gaussova filtru (smooth).

Do dalsi analyzy byly vybrany pouze pohyby, které trvaly ptiblizné¢ 5 sekund a
statisticky nebyl pozorovan Zadny rozdil v trvani pohybl pfed a po aplikaci rTMS. Vektor
aktivniho ¢i pasivniho pohybu obsahoval ¢as pocatku a trvani kazdého pohybu a tyto vektory
byly vlozeny do dalsi analyzy snimkt v ramci event — related designu.

Ctyfi regresory aktivnich pohybii a étyfi pasivnich pohybii byly pouZity pro individualni
analyzu. Pro skupinovou analyzu byla vyuzita random — effect analyza, kde byl porovnan stav
pied (V1) a po redlné ¢i placebo rTMS (V2) zvlast’ u aktivnich a pasivnich pohybt. Vysledky

analyzy byly zobrazeny na hladin€ vyznamnosti P<0.001 s korekci na urovni klastru.

Dynamické kauzalni modelovani (DCM)

V terapeutické studii byly navic diky metod¢ dynamického kauzalniho modelovani
(DCM — Dynamic Causal Modeling) studovany spoje mezi jednotlivymi oblastmi, které byly
aktivovany pti fMR ulohach.

DCM analyza umoziuje predikovat vnitini spoje mezi jednotlivymi oblastmi mozku,
sledovat zmény téchto spoju a jejich vliv na aktivitu mozkové kiry (Pleger et al., 2006). Do

DCM analyzy byly vybrany vysledky skupinové analyzy fMR pii aktivnich pohybech, které
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ukdzaly zvySeni aktivity vriznych korovych oblastech po redlné rTMS na hlading
vyznamnosti P<0.001 s korekci. V ramci zjednodusSeni jsme vytipovali Ctyfi korové oblasti,
které se ucastni kontroly pohybt i jejich percepce a jsou navzajem anatomicky propojeny.
V levé hemisféfe to byla primarni somatosensorickd kira, dale posteriorni parietdlni ktra
(PPC) a suplementarni motorickd area (SMA). V pravé hemisféie to pak byla pouze primarni
somatosensorickd kilira. Soutadnice téchto oblasti jsou uvedeny v tabulce €. 3. Z dat pacientl
byly vybrany Casové specifické série snimka z kazdé ze Ctyf sekvenci fMR zobrazené na
hladin¢ vyznamnosti P<0.01 bez korekce.

Nejprve jsme definovali model, ktery zndzortioval stav pfed provedenim rTMS.
S vyuzitim Bayesovského modelu vybéru jsme urcili nejvhodnéjsi z 11 modelt, které
vyjadfovaly riizna spojeni mezi ¢tyfmi nami definovanymi oblastmi (Pleger et al., 2006).
Vsechny testované modely jsou uvedeny na obrazku ¢. 4.

Model ¢. 1 predstavoval reciprocni spoje mezi oblastmi, zatimco dal$i modely
vyjadiovaly spoje pouze v jednom sméru. Hlavnim ptfedpokladem bylo, Ze dominantnimi
vstupy jsou SMA (iniciace volniho pohybu) a leva SI (percepce pohybu) u vSech modelt.

V dalsi analyze jsme pouzili konzervativni model pro srovnani (Penny et al., 2004).
Dtkaz pro kazdy model, zalozeny na Akaikovych a Bayesovskych informacnich kritériich byl
analyzovan pomoci Bayesovského faktoru (BF) pro kazdy par modelii a kazdého pacienta
zvlast. BF je pomér mezi odhadovanym dikazem dvou modelu, jenz vyjadiuje, ktery z nich
Iépe hodnoti skute¢nou situaci. Nejlepsi model byl nakonec vybrdn pomoci skupinového
Bayesovského faktoru (GBF) a poméru pozitivnich dikazi (PER). GBF byl vypocten jako
vysledek individudlnich Bayesovskych faktori. PER vyjadiuje pocet srovnani, ve kterych BF
dosahne hladiny pozitivniho dtikazu pro jeden z porovnavanych moded.

Poté byl analyzovan model pro nejvyhodnéjsi modulacni efekt rTMS na skupinové
urovni. Wilcoxontv test jsme pouZili pro srovnani interindividudlnich spojl pfed a po redlné
rTMS. Stejny postup byl pouzit i pro analyzu placebo rTMS. Tyto testy byly pouzity pro
kazdy spoj zvlast. Vysledky byly zobrazeny na hladin€ vyznamnosti P<0.05 s korekci na

mnohocetna srovnani (Bonferroni).
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4.3. Vysledky

Pilotni studie

Pii vizité ¢. 2 (V2) ihned po skonceni pétidenni série redlné rTMS, pozorovaly Ctyii
z deviti pacientek subjektivni zlepSeni pisma (SEP). Tyto pacientky jsme oznacili jako
respondéry. Zlepseni bylo u vSech respondérti patrno i pii nasledujici vizité ¢. 3 (V3) o tyden
pozdéji a u dvou z nich i pii vizité €. 4 (V4) o dalsi dva tydny pozdé&ji. Po placebo rTMS jedna
pacientka pozorovala mirné zhorSeni pisma pii vizité¢ V3.

Objektivni efekt stimulace na kvalitu pisma (OEP) prokazal jasné zlepSeni pisma u
vSech respondéri. Po placebo stimulaci nedoslo k objektivnimu zlepSeni pisma u zadné
z pacientek.

Pozice hot - spotu stimula¢ni civky vSech pacientt byly pievedeny do
standartizovaného stereotaktického prostoru (Obrazek ¢. 1). A je patrné, ze zatimco hot -
spoty civky u respondéri byly umistény v tésné blizkosti sulcus postcentralis, hot spoty u
ostatnich pacientd (non — respondéri) jsou rozptyleny v okoli. Praimérna poloha hot - spotu
civky respondérii ma soutadnice: x = -44, y = -42, z = 60. Tyto soufadnice pak byly vyuzity

pfi navigaci stimulaéni civky v terapeutické studii.
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Obrazek €. 1. Pozice hot — spotu stimula¢ni civky pacientil zafazenych do pilotni studie

RESPONDERI
NON-RESPONDERI

Pilotni studie — pozice hot — spotu stimulaéni civky u 4 respondérii se zlepSenim pisma po realné rTMS a 5
pacientli beze zmén pisma po rTMS. Pouze respondéfi méli umistény hot — spot civky nad sulcus postcentralis
(PO S.) (zluté body). Non — respondéii méli hot — spot umistény v okolnich oblastech (¢ervené body). Primérna

pozice hot — spotu respondérii byla vyuzita jako cil stimulace v terapeutické studii.

Terapeuticka studie
Subjektivni parametry

Témer vSichni pacienti zafazeni do terapeutické studie vykazovali signifikantni
subjektivni zlepeni kvality pisma (x*=36, P<10 s korekci) (Tabulka &. 1) po skonéeni
pétidenni série redlné rTMS. Toto zlepSeni bylo patrné v pribéhu vizit V2, V3 i V4.
Nejvyraznéjsi zlepSeni SEP bylo patrno v pribéhu vizity V2 (zlepSeni SEP o 30% =+
(SD)18%, variance 0-75%, P<0.01), kde 8 pacientti popisovalo maximalni efekt. Jeden
Z pacientll popsal maximalni SEP pfi vizité V3, dalsi pii vizité V4. Posledni z pacientti nem¢l
pocit subjektivniho zlepSeni pisma po realné rTMS. Rukopisy pacientd pied a po realné
rTMS jsou ukazany na Obrazku €. 2.

U zadného z pacientli se pismo po realné¢ rTMS subjektivné nezhorSilo a nebyl patrny

ani efekt potadi jednotlivych stimulaci.
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Po placebo rTMS byly patrné pouze nesignifikantni zmény SEP u pacientl. Subjektivni
parametry funkce ruky pii psani a bolest ruky pii psani nevykazovaly signifikantni zmény

mezi redlnou a placebo stimulaci.

Tabulka €. 1. Pacienti zafazeni do terapeutické studie, jejich charakteristika, sledované

parametry a jejich zmény po rTMS

Realna rTMS placebo rTMS
SEP OEP SEP OEP
¢ m/z v&k trv. typ btx pof. R/N V2 V3 V4 V2 V3 V4 V2 V3 V4 V2 V3 V4
1 7 53 3 S n 1 R +25 +25 +30 +42 +33 +25 +25 +25 0 -17 0 -8
2 Z 42 3 s a4 1 R +50 +50 +50 +25 0 +17 0 -25 -25 0 0 -8
3 7z 43 8 d a24) 2 R +25 +25 0 +50 +50 +25 0 0 0 0 -8 -25
4 7 58 11 d a(5) 1 R +70 +25 0 +58 +58 +50 +25 +25 0 +17 +8 +8
5 Z 42 10 d n 1 R +25 +25 +25 +8 0 +25 0 0 0 25 -33  -42
6 Z 41 2 s n 2 R +25 +50 +25 +25 +25 +17 0 0 0 8 -8 -8
7 Z 38 2 d n 2 R +25 +25 +25 +33 +17 +25 0 0 0 0 0 0
8 Z 51 6 s a@d) 2 N 0 0 0 +25 +25 +33 0 0 0 -17  -25 -25
9 M 57 10 d n 1 R +25 +25 +25 +33 +8 +33 0 0 0 0 0 0
10 M 58 6 d n 2 R +25 +25 +25 +17 +17 -8 0 0 0 0 0 -17
11 M 42 4 S n 1 R +25 +25 +25 +25 +25 +25 0 -25 0 -7 -8 -17

m/z — muz/Zena trv. — délka trvani choroby typ — simplexni(s)/dystonicka(d) forma pisaiské kiece

btx — botulotoxin ano(a)/ne(n) — jestlize ano (pied kolika mésici) pof. — pofadi - redlna rTMS poté placebo
rTMS (1) nebo placebo rTMS poté realna rTMS (2) R/N — respondér (R), non respondér(N)

SEP — subjektivni efekt na psani (%) — hodnoceno pti V2, V3, V4 — porovnavan stav s V1 ktery hodnocen jako 0
OEP — objektivni efekt na psani (prumér hodnoceni 3 nezavislych hodnotiteli) (%) — hodnoceno pii V2, V3, V4
— porovnavan stav s V1 ktery hodnocen jako vychozi hodnota - 0

V2 — kontrola ihned po ukonceni realné ¢i placebo rTMS V3 — kontrola tyden po ukonéeni realné ¢i placebo

I'TMS V4 — kontrola 3 tydny po ukonceni realné ¢i placebo rTMS
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Obrazek €. 2. Zmény pisma dvou pacientti pied a po redlné rTMS

PACIENT 3 PACIENT 4

M%%M

Mbriec . fﬂﬁv ’}(},M
Wq«
A.(,a,

Mne /‘L%Msu& W%@v
Vi M&/ ()03@ 6 -
e, Mvmm}

v2 e /MZP(U/R Mewhe i ke

4/1,0{4 /PLLW 4{'1’6&/ Mé /4‘/4,, /J(/MZZA/
J NI Gk Tidda fag b

M/ AAM/‘M/%M%,

W»UM Unidw Al ke o, !
it 4 QZZW e g, Loy ot

e o ok ol
Il @ To%, Ww@

Zlepseni kvality pisma po realné rTMS cilené na primarni somatosensorickou kiiru u dvou pacientt s pisaiskou
kieci v terapeutické studii. Pismo pied redlnou rTMS u pacienta ¢. 3 a 4 (V1), ihned po skonceni rTMS (V2) a

tyden po skonceni stimulace (V3).
Objektivni parametry

Zlepseni OEP bylo zaznamenano u vSech pacientl po realné rTMS pfi vizitach V2, V3,
V4 (x2=44, P<10® s korekei). Nejlepsi efekt byl zaznamenan ve shod¢ s SEP pfi vizite V2
(zlepSeni o 31£(SD)14%, variance 8-58%, P<0.01), kdy u deviti pacientd bylo patrno
maximalni objektivni zlepSeni pisma (Tabulka ¢. 2). U dvou pacientll byl patrny maximalni
efekt OEP pfi vizit¢ V4 a u jednoho pacienta bylo patrné mirné zhorseni po realné rTMS pfi
vizit¢ V4.

Jak vyplyvéa z analyzy interindividudlni variability jednotlivych hodnotitelt, OEP lze
povazovat za spolehlivy ukazatel zmény pisma po rTMS (korelace mezi FR a PD p=0.62,
P<10'6; korelace mezi PD a SH: p=0.44, P<0.001; korelace mezi FR a SH.: p=0.36, P<0.01).
Pti testu dvouminutového opisovani textu byly nejlepsi vysledky patrny u deviti pacientl pti
vizit€ V4 po redlné rTMS. Nicméné tyto zmény nebyly statisticky signifikantni.

Po placebo stimulaci byly nejlepsi vysledky opisovani textu patrny pii riznych vizitich
(pfi V1 u 5 pacientq, pti V2 u 1 pacienta, pii V3 u 3 pacienti a pii V4 u 2 pacienti).
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BMFDS skore kleslo u péti z jedendcti pacientll po realné rTMS, po placebo stimulaci

se nezmeénilo u deseti pacientii. Tyto zmény vSak opét nebyly statisticky signifikantni.

Tabulka €. 2. Statistické zpracovani vysledkii subjektivnich a objektivnich parametri

terapeutické studie

Realna rTMS placebo rTMS

Subjektivni hodnoceni P V1 V2 V3 \Z V1 V2 V3 \Z
SEP 10° +29(18)**  +27(13)**  +21(15)** +5(10) 0(16) -2(8)
Funkce ruky n.s. 3.7(2) 4.4(2) 4.0(2) 3.8(2) 4.1(2) 3.7(2) 3.8(2) 3.6(2)
Bolest ruky n.s. 2.9(3) 2.0(3) 2.2(3) 2.1(3) 2.6(3) 1.9(2) 2.4(2) 2.9(3)
Objektivni hodnoceni

OEP 10° +31(14)**  +23(19)** +24(14)** -6(12) -7(12)  -13(14)
Pocet napsanych slov n.s. 170(68) 174(70) 172(74) 189(73)* 178(73) 178(71) 173(69) 174(71)
BFMDS n.s. 30(1.2) 25(05)  25(05)  2.5(0.5) 28(1.2)  28(12) 28(12) 27(1.2)

V tabulce jsou uvedeny vzdy prumérné hodnoty vSech pacientli (+smérodatna odchylka) subjektivnich a
objektivnich parametrti psani 11 pacientd s pisafskou kieci pred a po realné nebo placebo rTMS.

P — hladina vyznamnosti vypoétena Friedmanovym testem ** (P < 0.01), * (P < 0.05) — hladina vyznamnosti
urena hodnotou Wilcoxonova neparametrického testu, ktera porovnava korespondujici kontroly po realné
versus placebo rTMS

V1 — kontrola pied zahajenim realné ¢i placebo rTMS V2 — kontrola ihned po ukonéeni realné ¢i placebo rTMS
V3 — kontrola tyden po ukonéeni realné ¢i placebo rTMS V4 — kontrola 3 tydny po ukonéeni realné ¢i placebo
rTMS

SEP — pramérny subjektivni efekt na psani (%) — hodnoceno pii V2, V3, V4 — porovnavan stav s V1 ktery
hodnocen jako 0

Funkce ruky — subjektivni hodnoceni postizeni funkce ruky pfi psani — hodnoceno pomoci subjektivni analogové
Skaly (0 — ruka neni schopna psat, 10 — normalni psani) Bolest ruky — subjektivni hodnoceni bolesti ruky pfi
psani - hodnoceno pomoci subjektivni analogové skaly (0 — zadna bolest-10 — nejhorsi mozna bolest)

OEP — objektivni efekt na psani (primeér hodnoceni 3 nezavislych hodnotitelit) (%) — hodnoceno pii V2, V3, V4
— porovnavan stav s V1 ktery hodnocen jako vychozi hodnota — 0 Pocet napsanych slov — pocet slov napsanych
za 2 minuty

BFMDS —Burke — Fahn — Marsdenova $kala

70



fMR vysledky

Do skupinové analyzy fMR bylo zahrnuto devét zjedenacti pacientli (respondérii)
terapeutické studie.

Pacient ¢. 5 (téz respondér) byl vyloucen pro Cetné pohybové artefakty v prubéhu
vySetteni, které¢ nebylo mozné odstranit béZznymi postupy pii analyze. Pacient ¢. 8 byl vyfazen
jako non — respondér.

Skupinova analyza fMR vysledkt ukazuje, ze po aplikaci realné rTMS oproti vySetieni
pred stimulaci doslo pfi aktivnich pohybech k vyssi aktivaci v riznych oblastech obou
hemisfér. Zvysena byla aktivita jednak v oblasti levé SI (blizko mista stimulace), ale podobna
aktivita byla patrna i kontralaterdln¢ v oblasti SI pravé hemisféry, dale byl oboustrann¢
zvySeny BOLD signal v PPC a SMA a v oblasti pfedni ¢asti inzuly vpravo (Obrazek ¢. 3 a
Tabulka ¢. 3). Snizena aktivace nebyla patrna v zadné ze sledovanych oblasti.

Pti uloze s pasivnimi pohyby byla po redlné rTMS patrna vyS$i aktivita oboustranné
pouze v oblasti lobulus parietalis superior (Obrazek ¢. 3 a Tabulka ¢. 3).

Po aplikaci placebo rTMS nebyly patrny ani pii jedné z uloh zadné zmény aktivace

sledovanych korovych oblasti.
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Obrazek €. 3. Skupinova analyza zmén BOLD signélu pfi Gloze s aktivnimi a pasivnimi pohyby

Terapeuticka studie - Skupinova analyza efektu redlné rTMS pfti tloze s aktivnimi a pasivnimi pohyby pacientti s
pisafskou kie¢i (N=9). Obrazek ukazuje nartist BOLD signalu po realné rTMS (V2) v porovnani se stavem pied
realnou rTMS (V1). Vysledky jsou zobrazeny nezavisle pro aktivni pohyby (Zlutooranzova skala) a pro pasivni
pohyby (modrozelena $kala). Hot — spot civky byl u vSech pacientd umistén v podobné pozici (sulcus
postcentralis — oznacen hvézdickou). Vysledky jsou zobrazeny na hladin€ vyznamnosti (P < 0.001) s korekci na

urovni klastru a promitnuty do normalizovaného obrazu mozku pacienta €. 1.
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Tabulka €. 3. Statistické vysledky zmén BOLD signalu po redlné a placebo rTMS

BA X y z k T P nekor.
Hot - spot civky:
sulcus postcentralis 1.sin. ® 2,5 44 -42 60
realna rTMS:
aktivni pohyby levou rukou: po versus pied rTMS
sulcus postcentralis sin. 2,57 -32  -48 60 10.3 0.00001
+ lobulus parietalis superior sin. 7 } 697
lobulus parietalis inferior sin.e 40 46  -52 42 6.5 0.0001
precuneus sin. 7 -6 -58 62 245 5.7 0.001
gyrus frontalis medius (SMA) e 6 4 -22 68 173 6.9 0.0001
gyrus postcentralis dx. e 3,1,2 26 -36 64 3842 9.4 0.00001
sulcus postcentralis dx. 2,57 46 -40 58 6.4 0.0001
+ lobule parietalis superior dx. 7 } 805
lobulus parietalis inferior dx. 39, 40 50 -58 40 10.0 0.00001
insula dx. 32 18 6 400 8.9 0.0001
pasivni pohyby levou rukou: po versus pred rTMS
lobulus parietalis superior sin. 7 -36  -56 60 160 5.3 0.001
lobulus parietalis superior dx. 7 40 -54 58 166 6.2 0.001
placebo rTMS:
aktivni pohyby levou rukou: po versus pted rTMS

beze zmeny aktivace

pasivni pohyby levou rukou: po versus pied rTMS

beze zmény aktivace

Terapeuticka studie - Oblasti se signifikantnim naristem BOLD signalu u pacientt s pisafskou kie¢i po realné ¢i
placebo rTMS (P < 0.001 s korekci na trovni klastru). Tabulka ukazuje vysledky kontrastii po versus pied
realné nebo placebo stimulaci (t.j. porovnana tyto dva stavy) pti aktivnich nebo pasivnich pohybech levou rukou.
Pfi porovnani stavu pred versus po stimulaci nebyly patrny zadné signifikantni vysledky. Po placebo stimulaci
nebyly téz patrny zadné zmény kontrastt

® — oblast pouzita pro DCM analyzu BA — Brodmannova area X, Y, Z — soufadnice ve standartizovaném
stereotaktickém prostoru (Montreal Neurological Institute — MNI) k — velikost clusteru T — t-hodnota

P nekor. — P hladina bez korekce na velikost voxelu
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Vysledky DCM analyzy dynamického kauzalniho modelovani (DCM)

Bayesovsky parovy model porovnani 11 modeli (Obrazek ¢. 4) ukazuje jako nejlepsi
model MS8. Tento model popisujici chovani aktivovanych oblasti pfed rTMS ukazal jasnou
preferenci na bazi parametru GBF u viech pacienti: M8 vs. MI (GBF>10); M8 vs. M2
(GBF>10%); M8 vs. M3 (GBF>10%), M8 vs. M4 (GBF>10%, M8 vs. M5 (GBF>10"); M8 vs.
M6 (GBF>10°%); M8 vs. M7 (GBF>10%: M8 vs. M9 (GBF>10"); M8 vs. MI0 (GBF>10°%); M8
vs. MI1 (GBF>10%). S ohledem na parametr PER, byl t6Z model M8 ur&en jako vyhodng;si
nez modely MI — M7 u vsech deviti pacientd (PER 9:0). Modely MI0 a MI1 byl lepsi u dvou
pacientil (PER 7:2) a model M9 byl vyhodné;jsi pouze u jednoho pacienta (PER 8:1).

Statistickd analyza modelu M8 ukazuje modulacni efekt redlné rTMS nas spoje z SMA
do levé SI, které po expozici realné rTMS zesilily z 0.02+(SD)0.02s™ na 0.06+0.05s™ (Z=2.3,
P<0.05 s korekei). Naproti tomu po placebo stimulaci Zadny modulaéni efekt nebyl patrny.

Obrazek ¢. 4. Vysledky analyzy dynamického kauzalniho modelovani (DCM)
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Terapeuticka studie - Dynamické kauzalni modelovani. U respondér byl model ¢. 8 urcen jako nejpiesnéjsi ze
vSech 11 modelu. Po realné rTMS v porovnani se stavem pred rTMS se zvyraznily spoje z SMA do levé SI (t.].
mista stimulace) (0.06 £ (SD) 0.05s™). Naopak po placebo rTMS nebyly patrny Zadné zm&ny konektivity.

S| — primarni somatosensoricka ktira PPC — posteriorni parietalni kiira SMA — suplementarni motoricka area
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4.4. Diskuse

Klinicky efekt rTMS

Reélna rTMS cilend na kontralateralni primarni somatosensorickou kiiru méla pozitivni
subjektivni a objektivni terapeuticky efekt na klinické obtize pacientl s pisarskou kieci.
V pilotni studii byl tento pozitivni vliv pozorovan u Ctyi pacientd z deviti, v terapeutické
studii to bylo u deseti pacientii z jedenacti. Toto zlepSeni bylo pramérné 30% a bylo nejvice
patrné ihned po skonceni pétidenni série realné rTMS, ale u vétSiny pacientll pietrvalo po
dobu tfi tydnd. Sami pacienti oznacovali zlepSeni stavu nejéastéji jako mirné ¢i stiedni.
Pozitivni subjektivni efekt byl podpoien i objektivnimi vysledky, kdy tfi nezavisli hodnotitelé
oznacili pismo po realné rTMS jako zlepSené, a toto zlepSeni bylo také kromé jednoho
pacienta patrné po dobu tii tydnd (Tabulka ¢. 1).

Ostatni parametry se ukazaly jako nedostate¢né citlivé pro zachyceni efektu rTMS.
Funkce ruky pii psani a intenzita bolesti pii psani zaznamenané pomoci vizudlnich
analogovych Skal ukazaly po redlné rTMS jen staticky nevyznamné zlepSeni. PoCet pismen
napsanych za dvé minuty pfi opisovani textu a skore BFMDS se po aplikaci readlné rTMS
prakticky nezménily. U BFMDS nas to pfili§ neptfekvapuje, nebot’ se jedna o Skalu, kterd je
pouzivana piedevS§im pro pacienty s generalizovanou dystonii a pro task - specific fokalni
dystonie je jeji skore malo citlivé.

Jako u jinych klinickych studii mize byt samoziejmé pozitivni vliv rTMS ovlivnén
placebo efektem. Placebo efekt jsme se snazili omezit ndhodnym pofadim blokl realné a
placebo stimulace a informaci o mozném ucinku kterékoliv série rTMS. Vzhledem k t€émto
opatfenim véfime, Ze pozitivni terapeuticky efekt rTMS SI byl nezavisly na placebo efektu.
Tomu odpovida jednotny efekt realné rTMS v terapeutické studii. Kromé jednoho pacienta,
pocitovali efekt vSichni a tento efekt mél i pfiblizné stejnou délku. K velmi podobnym
zavérum navic dosli se vzdjemnou shodou i tfi nezdvisli hodnotitelé rukopisti pacientl. Po
placebo stimulaci pak signifikantni objektivni ani subjektivni zmény pisma patrny nebyly.

Samoziejmé lze namitnout, Ze vzhledem k provedeni obou typl stimulace u kazdého
pacienta mohlo dojit k efektu ptenosu, Ze efekt realné rTMS pietrvaval i po dobu placebo
stimulace. Tomu jsme se snazili Celit dvémi zplsoby: za prvé jsme meénili poradi — t.
polovina pacientil zacinala redlnou rTMS, ale druhd polovina zacinala placebo stimulaci
(efekt potradi na vysledky byl vyloucen i statisticky) a za druhé pied zahajenim druhé

stimulace byli pacienti podrobné dotazovani zda jiz neni ptitomny subjektivni efekt stimulace
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a téz byl hodnocen rukopis, zda jsou vyjadieny piiznaky pisaiské kieCe obdobn¢ jako pted
prvni stimulaci. Proto interval mezi zahajenim prvniho a druhého bloku rTMS kolisal u
pacientli v rozmezi 4 — 10 tydna.

Tento interval jsme povazovali za dostatecny, nebot v pfedchozich studiich
terapeuticky efekt rTMS trval maximalné dny (Siebner et al., 1999). I kdyz studie z posledni
doby (Borich et al., 2009) ukazuje, Zze doba trvani rTMS efektu je timérna celkové dobé
stimulace, po pétidenni stimulaci (stejny protokol jako v nasi studii) byl efekt pozorovan cca 2
tydny, tedy po vyrazné krats$i dobu nez byl na$ interstimula¢ni interval. V dalsi studii byl
pozorovan dlouhodoby efekt po elektrické somatosensorické stimulaci perifernich svali, kdy
po deseti dnech stimulace pozitivni efekt pietrvaval tii tydny. (Tinazzi et al., 2005)

Existuje n¢kolik klinickych studii, které testovaly efekt rTMS u pacientii s pisaiskou
kie¢i. V nékterych ptipadech bylo po aplikaci na oblast motorické ¢i premotorické kury
pozorovano zlepSeni pisma (Borich et al., 2009; Murase et al., 2005; Siebner et al., 1999),
Vv jiné vSak pozitivni terapeuticky efekt pfitomen nebyl (Siebner et al., 2003). Divodem pro
tyto rozporuplné vysledky je patrné odlisna metodika vcetné metody zaméieni cile a dale
zvolené parametry stimulace.

Pozitivni efekt rTMS wvnasi studii je patrné dusledkem zmén plasticity
sensorimotorického systému diky reorganizaci somatosensorické kiry. Nase vysledky
potvrzuji ulohu somatosensorické kury v etiopatogenezi pisaiské kieée, tak jak to uvadi
ptredeslé klinické studie. (Abbruzzese et al., 2001; Baumer et al., 2007; Berardelli et al., 1998;
Kanovsky, 2002; Quartarone et al., 2006; Tinazzi et al., 2000; Tinazzi et al., 2003)

Vliv pozice stimulacni civky

V pilotni studii jsme prokazali zavislost pozitivniho terapeutického efektu na pfesném
umisténi civky nad urcitou ¢ast somatosensorické kiry. U pacientek v pilotni studii byla civka
navigovana nad oblast s maximem BOLD signalu v S| v pribéhu pasivnich pohybl. Primarni
somatosensoricka kiira je rozsahla, ma pfesnou somatotopickou organizaci (Hlustik et al.,
2001) a je organizovana do receptivnich poli pro jednotlivé Casti t¢la (Bara-Jimenez et al.,
1998; Braun et al., 2003; Meunier et al., 2001). Vzhledem k tomu, Ze pozitivni efekt rTMS na
psani byl patrny jen u nékterych pacientl, podrobili jsme cile jednotlivych pacientd
retrospektivni analyze. A zjistili jsme pfi jejich promitnuti na standartizovany model (obrazek
¢. 1), Ze pozitivni efekt rTMS pacienti byl vazany pouze na stimulaci v oblasti podél sulcus

postcentralis. Pacienti, kteti nepozorovali klinicky efekt stimulace, byli stimulovani v jinych
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oblastech SI.

Tyto poznatky jsme dale vyuzili v terapeutické studii, kdy jsme cil stimulace umistili do
oblasti podél sulcus postcentralis, ktery se jevil jako optimalni misto pro stimulaci ze zavéra
pilotni studie. Tato oblast pfiblizné¢ odpovidd Brodmannovée aree (BA) 2, ktera tvofi predni
sténu sulcus postcentralis a z¢asti téz BA 40, ktera vytvaii zadni sténu sulcus postcentralis.
Zatimco BA 2 patii jeSté k oblasti SI, BA 40 se jiz fadi k parietdlnim asociaénim oblastem.

Jak je znamo z predeslych studii se zvifecimi modely, BA 2 integruje informace o
pozici jednotlivych prstl spolu s taktilnimi vjemy a dostdva komplexni informace z receptori
pokozky a svalovych vietének (Pons and Kaas, 1986). Brodmannova area 40 se zase
pravdépodobné podili na somatosensorické diskriminaci a ma bohaté spoje nejen s BA 2, ale i

S motorickymi oblastmi.

Zmeény aktivace mozkove kiiry po aplikaci realné rTMS

Pozitivni efekt na psani byl provazen zménami BOLD signalu rozsahlych oblasti
mozkové kiiry pacientii. Po aplikaci redlné rTMS doslo ke zvySeni aktivace SI oboustranné
véetné PPC, dale ke zvyseni aktivace SMA a pravé inzuly. Jedna z oblasti zvySené aktivace
Vv oblasti SI odpovidala pfiblizné hot spotu stimulacni civky v pribéhu realné rTMS t.j sulcus
postcentralis. VSechny tyto zmény byly patrny u respondérti terapeutické studie (Obrazek ¢.
3) a to v prubéhu aktivnich pohybt postizenou koncetinou (Tabulka ¢. 3). Naopak po aplikaci
placebo rTMS nebyly patrny zadné signifikantni zmény v aktivaci sledovanych mozkovych
oblasti. Zmény aktivace jsou v jasné souvislosti s pozitivnim efektem rTMS na psani
pacientq.

Task — specific fokalni dystonie, mezi néz patii pisarska kie¢, se pravdépodobné rozviji
u predisponovanych jedinci jakymsi ,,pfeu¢enim® urcité specifické ¢innosti napt. psani. To
patrné vede k nevyhodné reorganizaci SI, ktera je provdzena abnormalnimi motorickymi
projevy — dystonickou kieci (Byl, 2007; Sanger et al., 2001). Na druhou stranu pfi
dlouhodobém motorickém uceni také dochazi k reorganizaci sensorimotorické kiiry a v téchto
piipadech dystonie nevznikne (Floyer-Lea and Matthews, 2005). Rozdil je v charakteru
reorganizace — jak jiz bylo naznaceno, v piipad¢ dystonie je t0 reorganizace nevyhodna pro
organizmus, je maladaptivni. V na$i studii bylo po realné rTMS, prestoze byla
nizkofrekvenéni, kterda ma bézné inhibi¢ni G¢inky na motorickou karu (Chen et al., 1997a),
patrné zvySeni aktivace v somatosensorickych oblastech, coz povazujeme za projev

reorganizace Sl.
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Vliv fTMS na somatosensorickou kiru byl dokumentovan v praci, kterd prokéazala
zvyseni excitalibity SI kiry po aplikaci nizkofrekvencni rTMS u pacientii s pisafskou kieci
(Baumer et al., 2007). U zdravych kontrol bylo naopak zvySeni excitability SI kury
pozorovano po vysokofrekven¢ni rTMS (Ragert et al., 2004) spojené s hyperaktivaci v obrazu
fMR a téZ zménami taktilniho diskriminaéniho ¢iti (Pleger et al., 2006; Tegenthoff et al.,
2005).

Jak jsme ocekavali, rTMS ovlivnila rizn¢ obraz fMR pfi tloze s aktivnimi a pasivnimi
pohyby. Zmény aktivace byly daleko vyraznéjsi pii uloze s aktivnimi pohyby. Pii uloze
S pasivnimi pohyby bylo patrno pouze zvySeni aktivace v malé oblasti posteriorni parietalni
kiry (Obrazek €. 3). Zmény v SI zplisobené rTMS se tedy promitaji hlavné do zmén
motorického aktu, jeho pfipravy a provedeni, zatimco zmény aktivace v oblasti PPC souvisi
nejspiSe se zménami propriocepce, a proto jsou patrné pii aktivnich 1 pasivnich pohybech
(Mima et al., 1999; Reddy et al., 2001; Weiller et al., 1996).

To je jeden ze zakladnich vysledkl nasi studie, protoze jsme prokazali, Ze podstatné pro
ovlivnéni pisaiské kieCe jsou zmény somatosensorickych procest, které ale maji vyusténi
V ovlivnéni pifipravy a provedeni vlastniho motorického aktu a ne zmény percepce. V ptipade,
ze by podstatné byly zmény percepce, o¢ekavali bychom zmény aktivace hlavné pfi pasivnich
pohybech postizenou koncetinou. Nase vysledky dale svéd¢i pro velmi bohaté spoje mezi
primarni somatosensorickou a motorickou kirou.

Autofi predchozich PET ¢i fMR studii u pisaiské kiece se zaméfili hlavng na odlisnosti
mezi pacienty a zdravymi kontrolami. V fad€¢ studii pak uvadéli SI ktru dohromady
S primarni motorickou kirou vzhledem k hor§imu prostorovému rozliSeni. Zaznamenany byly
zmény receptivnich poli v SI (Butterworth et al., 2003), dale zmény aktivace v zavislosti na
intenzit¢ somatosensorické stimulace (Sanger et al., 2002). Primérna intenzita aktivace SI
byla bud’ nizsi (Tempel and Perlmutter, 1993) nebo stejna jako u zdravych kontrol (Peller et
al., 2006). Pti jednoduchych aktivnich pohybech bylo pozorovano sniZeni aktivity v Sl u
pacienttl, (Ibanez et al., 1999; Islam et al., 2009; Oga et al., 2002) naproti tomu pfi psani byla
patrna spiSe zvySena aktivita v SI (Ceballos-Baumann et al., 1997; Hu et al., 2006), ktera
pozitivn¢ korelovala s délkou psani (Lerner et al., 2004; Odergren et al., 1998). D4 se proto
fici, ze vys§i aktivita v SI kife je spiSe spojena se situacemi, které vedou k rozvoji
dystonickych obtizi. Na druhé strané¢ vysledky nejsou zcela jednozna¢né, nebot’ v dalSich
studiich nebyla vyssi aktivita pfi psani popsana. (Ibanez et al., 1999; Preibisch et al., 2001)

V nasi studii nebyly patrné zmény BOLD signalu pouze v oblasti, ktera odpovidala hot

— spotu civky, ale zvySena aktivace byla pfitomna v fadé jinych oblasti. To téz podporuje
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teorii o velmi bohatych spojich SI s ostatnimi korovymi oblastmi. Kromé zvysené aktivity
Vv kontralateralni SI jsme pozorovali 1 zmény aktivace v ipsilateralni PPC. To vSak neni pfilis
prekvapivé pii znalosti bohatych kortiko — kortikalnich a transkalosalnich spoju (Killackey et
al., 1983; Pons and Kaas, 1986). Piicemz PPC se podili pfevazné na integraci somestetickych
stimuld (Knecht et al., 2003), ktera je u pisaiské kiece porusena. (Butterworth et al., 2003)

Oblasti, ve kterych doslo ke zméné¢ BOLD signalu po realné rTMS jsou mezi sebou
anatomicky propojeny. Proto jsme predpokladali i zmény spojit mezi jednotlivymi oblastmi.
K tomu jsme vyuzili tzv. DCM analyzu (Pleger et al., 2006). Jak bylo prokazano v piedeslych
studiich, primarni motoricka kiira je vyrazné ovlivilovana primarni somatosensorickou kiirou
(Pleger et al., 2006) a SMA (Kasess et al., 2008). V nasi studii jsme testovali 11 modelt spoji
mezi ¢tyfmi zvolenymi oblastmi patficimi k sensorimotorickému systému. Spoje mezi témito
oblastmi pied rTMS nejlépe vyjadfoval model 8, ktery piedpokladal propojeni z SI do PPC a
z SI do druhostranné SI a dale reciprocni spoje mezi SI a SMA (obrazek ¢. 4). Tedy u
pacientl s pisafskou kie¢i SI kilira ovliviiuje ipsilaterdlni PPC a SMA a kontralateralni SI,
zatimco sama je pod kontrolou SMA. Po realné rTMS jsme pozorovali akcentaci projekce
zZ SMA do levé SI, zatimco po placebo rTMS nebyly zaznamenany zadné funkcéni zmény
(obrazek ¢. 4). Zesileni spoju z SMA do SI patrné vyjadiuje, Ze somatosensoricka kura je vice
pod vlivem SMA, coZ mize znamenat lepsi kontrolu volnich pohybii.

SMA se bézn¢ podili na piipravé volniho pohybu (Ibanez et al., 1999) a jeho spravném
nacasovani (Tanji, 2001). Dale je spojena s motorickych ucenim a kognitivni kontrolou
pohybu (Nachev et al., 2008). Zda se, ze zmény v SMA by se mohly podilet i na rozvoji
dystonie, i kdyZz neni zatim znam jasny mechanismus (Guehl et al., 2009). Nicméné pokud
byly pozorovany zmény v aktivaci SMA u pacienti s dystonii, vétSinou se jednalo o sniZzenou
aktivaci. (Ceballos-Baumann et al., 1995; Islam et al., 2009; Lerner et al., 2004; Oga et al.,
2002) Vyssi aktivita SMA byla patrna pouze po aplikaci botulotoxinu do postizenych svalt
(Ceballos-Baumann et al., 1997). Z elektrofyziologickych studii zvifecich modelt dystonie je
dale patrné, ze u dystonie jsou pfitomné zmény receptivnich poli SMA podobné jako v SI
(Guehl et al., 2009).

SMA se nepodili jen na ptipravé pohybl ale téZ na jejich potlaceni. Tento inhibi¢ni
efekt byl opakované prokazan u zdravych jedincti v ramci loh s potlacenim pohybu (Jaffard
et al., 2008), predstavy pohybu (Kasess et al., 2008) nebo sensorickou modulaci pasivnich ¢i
aktivnich pohybtd (Dinomais et al., 2009).

S timto jsou v souladu i naSe zavéry zmén funkcénich spojiu ze SMA do SI. Klinické

zlepSeni miiZze souviset s vyrazngjSim inhibi¢nim efektem SMA po rTMS, ktery vede
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k potlaceni nechténych pohybt (dystonické kiece).

V nasi studii jsme pozorovali zvySenou aktivaci po rTMS i v oblasti pfedni inzuly, ktera
téz byla v piedchozich funkéné zobrazovacich studiich pacientd s pisaikou kieci popsana (Hu
et al., 2006; Lerner et al., 2004; Peller et al., 2006). Tato zména aktivity mize byt disledkem
zmény nociceptivnich mechanismi u pacienti (Treede et al., 1999). Téz se vSak mize jednat
o vliv zménéného vnimani pohybu a ¢asti téla (Craig, 2009; Tsakiris et al., 2007). Zmény po
aplikaci rTMS mohou svédcit o napravé chybného vnimani postizené koncetiny pii psani a

podobné.

45. Zavér

V nadi studii jsme prokazali, Ze nizkofrekvencni rTMS cilend po pét dni na oblast
kontralateradlni primarni somatosensorické kiiry vede k dlouhodobému zlepSeni psani u
pacient s pisafskou kieci. Toto zlepSeni bylo patrno u deseti z jedendcti pacientl terapeutické
studie. U vSech trvalo zlepSeni n€kolik tydnti. Naopak po aplikaci placebo rTMS nedoslo
k signifikantnimu zlepSeni u zadného z pacientu.

Pilotni studie méla hlavni vyznam v tom, Ze nas upozornila na vhodny cil stimulace
Vramci primarni somatosensorické kiiry. Timto cilem byl uzky pruh podél sulcus
postcentralis.

Kromé klinického efektu na psani jsme pozorovali po aplikaci realné rTMS 1 zmény
aktivace rozsahlych korovych oblasti v obraze fMR hlavné v prubéhu aktivnich pohybi
postizené koncetiny. Tyto zmény jsou patrné vysledkem reorganizace mozkové kiry vlivem

ITMS.
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5. Studie ¢. 3. Efekt hluboké mozkové mozkové stimulace u pacienta s fenotypem

syndromu dystonie — hluchota

Souhrn

V této praci prezentujeme piipad uspésného vyuziti hluboké mozkové stimulace (DBS) globus
pallidus pars interna (GPi) u 30 letého pacienta s fenotypem syndromu dystonie — hluchota (dystonia —
deafness syndrome), ktery se projevoval generalizovanou dystonii a t€Zkou sensorineuralni poruchou
sluchu. Mutace genu DDP1/TIMMBA, ktera je typicka pro syndrom dystonie — hluchota, u tohoto
pacienta nebyla prokidzéna. DBS vedla k vyraznému zlepSeni dystonickych obtizi, 10 meésicti po

implantaci do§lo k poklesu skore Burke — Fahn — Marsdenovy Skaly dystonie (BFMDS) o 75%.

5.1. Uved

Syndrom dystonie — hluchota (dystonia deafness syndrome, Mohr — Tranebjaerg
syndrome) (Tranebjaerg et al., 1995) je vzacné X recesivné vazané neurodegenerativni
onemocnéni. Je charakterizovan Casnym rozvojem tézké sensorineuralni poruchy sluchu
(Bahmad et al., 2007), zpravidla jiz v kojeneckém ¢i batolecim véku, ktera mize ustit az do
uplné hluchoty. Dystonie se objevuje zpravidla pozdéji, vétSinou v puberté, adolescenci ¢i
mladé dospélosti (Mohr and Mageroy, 1960). Zacind nejcastéji jako fokalni, v nékterych
ptipadech je zpocatku vazana jen na urcitou ¢innost (task — specific dystonie) (Kreisel et al.,
2004), ale postupné generalizuje a vede k invalidizaci pacienta.

U nékterych pacientli se mohou v pribéhu zivota objevovat i jiné klinické ptiznaky. Je
to napt. porucha zraku (Mohr and Mageroy, 1960; Swerdlow and Wooten, 2001; Ujike et al.,
2001), spasticita, demence, psychiatrické symptomy (Tranebjaerg et al., 2000b; Tranebjaerg
et al., 1995) ¢i poruchy imunity (Pizzuti et al., 2004). Jak bylo zminéno vyse, onemocnéni je
dédicné, srecesivni dédi¢nosti vazanou na X chromozom (Tranebjaerg et al., 1995).
V poslednim desetileti byla prokazana fada mutaci genu DDP1/TIMMB8A na chromozomu
X@22 u pacientl s timto onemocnénim (Aguirre et al., 2008; Hayes et al., 1998; Jin et al.,
1996; Roesch et al., 2002; Swerdlow and Wooten, 2001; Tranebjaerg et al., 2000a; Ujike et
al.,, 2001) a nové mutace se stale objevuji. Gen DDP1 kéduje maly polypeptid o 97
aminokyselinach, ktery je jednim z proteinii v intermembranovém prostoru mitochondrie
(Koehler et al., 1999). Mutace genu zpravidla zpusobuje postizeni importu kodujicich

proteinii do vnitini membrany mitochondrie.

81



Kauzalni 1écba neni zndma, pacienti jsou odkézani pouze na symptomatickou lécbu
dystonie (Kreisel etal., 2004) a dalsich piidatnych pfiznaki.

V nasi praci prezentujeme pozitivni terapeuticky efekt hluboké mozkové stimulace
(DBS) globus pallidus pars interna (GPi) u pacienta s fenotypem syndromu dystonie —

hluchota.

5.2.  Popis kazuistiky

V této praci predstavujeme piipad 30 letého muze s negativni rodinnou anamnézou
dystonie ¢i poruchy sluchu. T¢€hotenstvi matky, porod i ¢asny postnatdlni vyvoj pacienta
probihaly bez komplikaci. Pfiblizné ve 3 letech véku byla zjiSténa t€zk4 sensorineurdlni
porucha sluchu, ktera se ale az do ¢asné dospé€losti nezhorSovala.

Ve veéku 24 let pacient prodé¢lal bézny stomatologicky zakrok v lokalni anestézii a od té
doby zacal pozorovat obCasné staceni hlavy na levou stranu, které bylo spojeno s mirnou
poruchou polykani tuhych soust. Ptiblizné v této dobé doslo i k zhorSeni poruchy sluchu do
hluchoty. Tyto obtize zlstaly stabilni po dalsi 3 roky.

Ve véku 27 let, n¢kolik dnii po esofagoskopii v celkové anestézii pro obtize
s polykanim, doslo ke zhorSeni staceni hlavy na levou stranu, které od tohoto okamziku bylo
jiz permanentni a téZ se pridalo staceni hlavy nazad. V souvislosti s anestézii nedoslo
k aplikaci neuroleptik ¢i jejich derivatd. Se zhorSenim staceni hlavy u pacienta doslo i ke
zhorSeni poruchy polykani a objevily se dychaci obtize. Klinicky byla u pacienta ptitomna
hluchota s tézkou dysartrii, t€zka forma cervikalni dystonie s pocinajici i trupovou dystonii,
dysfagie a obcasna dyspnoe.

Neuropsychologické vySetieni neprokazalo kognitivni postizeni. Na vizualnich
evokovanych potencidlech byla patrna oboustrannd demyelinizaéni 1€éze zrakové dréhy, ale
o¢ni vySetfeni neprokazalo patologicky nalez. MR mozku prokdzala tézZ normalni nalez
intracerebralné. V této dobé byl proveden rozsahly biochemicky screening véetné vySetteni
k vylou¢eni Wilsonovy choroby. Ten zahrnoval zjisténi hladiny ceruloplasminu, jaternich
testl, volné médi v séru a mnozstvi vyluCované meédi v moc€i za 24 hod, vSe s normalnim
nalezem. Geneticka vySetfeni vyloucila DYT1 dystonii, deficit pantotenat kinazy (PKAN,
diive Hallervorden Spatzova choroba), vSechny formy spinocerebelarnich ataxii (SCA)
geneticky vysetiitelnych v CR - typ 1,2,3,6,7 a Friedreichovu ataxii.

Kombinace klinickych ptiznakl néas vedla k podezieni na vzacny syndrom dystonie —

hluchota. Bylo vsak piekvapivé, ze genetické vySetfeni nepotvrdilo mutaci TIMM8A/DDP1
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genu, ktera je pro tento syndrom typickd. Negativni vysledek jsme postupné obdrzeli ze dvou
pracovist: 1. Ustav dédiénych metabolickych poruch I. LF UK v Praze, 2., Centogene GmbH,
Rostock, Némecko.

Symptomaticka farmakologicka 1écba nebyla u tohoto pacienta ptilis uspésna. Postupné
byly vyzkouSeny tyto preparaty (max. davka mg/den): biperiden (12mg/den), tiaprid
(300mg/den), amantadine (300mg/den) a clonazepam (2.25mg/den). Zadny z téchto preparatu
nem¢l dostateCny efekt na cervikalni dystonii. Pacient absolvoval také opakované lokalni
aplikace botulotoxinu do postizenych svali Sije, jednalo se o vysoké davky (200-250 IU
preparatu Botox® pii jedné aplikaci), které vSak mély pouze mirny efekt na staceni hlavy a
vedly ke zhorSeni poruchy polykéni.

Ve véku 28 let byla u pacienta zaznamenana ojedinéla psychoticka epizoda. Jednalo se o
paranoidni pfedstavu, Ze otec je jeho thlavni nepfitel a pacient se ho pokusil otravit. Proto byl
po psychiatrickém vysetieni nasazen sulpirid v davce 200 mg denné a podobné epizody se jiz
nevyskytly.

Ve véku 29 let doslo u pacienta k dalSimu zhorSeni stavu, zhorSila se cervikalni
dystonie, dale dystonie trupu a doslo 1 k rozvoji dystonie na dolnich koncetinach. Pacient jiz
nebyl schopen sam se najist, musel byt krmen a toleroval pouze tekutou stravu. V té dob¢ se
objevila téz anartrie. Staceni hlavy, trupu a dolnich koncetin vedlo k poruse chlize a progresi
poruch dychani, které se akcentovaly vleze.

Vzhledem ke generalizaci dystonie, ohrozeni zékladnich zivotnich funkci a vyCerpani
konzervativnich metod 1écby, jsme se u pacienta rozhodli pro 1écbu hlubokou mozkovou
stimulaci. Skore Burke - Fahn - Marsdenovy $kaly dystonie (BFMDS) (Burke et al., 1985)
dosahovalo kratce pied operaci 53 bodu.

U pacienta byla po pfedoperacni piipravé provedena implantace elektrod (Model 3389,
Medtronic, Minneapolis, MN). Elektrody byly implantovany do posteroventralni porce GPi
oboustranné (soufadnice distalnich kontakti: 19mm lateraln€ od stfedni cary v levé hemisféfe
a 21lmm v pravé hemisféfe, 3.5mm pod urovni interkomisurdlni linie v levé hemisfére a
2.5mm pod urovni v pravé hemisféie a 3mm vpied od jejich stiedu oboustranné) dle metodiky
pfedchozich studii (Coubes et al., 2002). S odstupem byl pacientovi implantovan
dvoukanalovy neurostimulator Kinetra® (Medtronic, Minneapolis, MN) do podklickové
krajiny, ktery byl propojen s obéma elektrodami.

Po implantaci elektrod a neurostimulatoru se BFMDS skore nezmeénilo. Vlastni
stimulace byla zahajena mésic po implantaci s nasledujicimi parametry: 0.7 V, 450 ps a 130
Hz v monopolarnim zapojeni (kontakt O[-], vi¢i plasti neurostimulatoru [+]). Za 3 mésice po
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implantaci BFMDS skore kleslo na 28.5 bodu (z ptivodnich 53). A za dalsi 2 mésice skore
kleslo na 18 bodu. Pacient i jeho rodina tuto zménu popisovali jako vyrazné zlepSeni stavu.
Zlepsilo se hlavné staCeni hlavy a trupu. Pacient byl znovu schopen samostatné chiize,
schopen se sam najist, vyrazné se zlepsily obtize s polykdnim a vymizely dychaci obtize. Téz
nalada pacienta se samoziejmé vyrazn¢ zlepsila. Dalsi uprava parametri stimulace vedla
k dalsim zmé&nam BFMDS skore (Obrazek €. 1).

Maximum efektu bylo dosazeno 10 mésicti po implantaci elektrod, BFMDS skoére kleslo
na 13 bodl s parametry stimulace 1.5 V oboustranné. V klinickém obrazu pfetrvava lehka
dysfagie, lehkd cervikdlni dystonie a dystonie trupu. Podafilo se 1 zredukovat
farmakologickou 1é¢bu, pacient nyni uziva 6 mg biperidenu, | mg clonazepamu a 100 mg
sulpiridu denné. Kvalita zivota pacienta je nyni, 16 mé&sici po implantaci elektrod vyrazné

zlepSena. Pacient je vSak samoziejmé limitovan v bézném zivoté poruchou sluchu.

Obrazek €. 1. Vyvoj Burke — Fahn — Marsdenovy skaly po implantaci DBS
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Klinické zlep$eni pacienta s fenotypem syndromu dystonie — hluchota po implantaci DBS GPi. ZlepSeni je
dokumentovano poklesem skore Burke — Fahn — Marsdenovy $kaly (nepferusovana kiivka) v ¢ase. PieruSovana
kiivka vyjadiuje vyvoj parametrtu stimulace v ¢ase (DBS napéti). Optimalniho efektu byla dosazeno 10 mésict

po implantaci.
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5.3. Diskuse

Tézka sensorineuralni porucha sluchu od batoleciho véku a postupné se rozvijejici
dystonie v ¢asné dospélosti vedou k podezieni na syndrom dystonie — hluchota (Mohr and
Mageroy, 1960; Tranebjaerg et al., 2000b). Nas pacient tato klinicka kritéria zcela splioval,
ale pfi genetickém vySetfeni nebyla prokdzana mutace TIMMSA/DDPI1 genu, ktera je pro
tento syndrom typicka. Vysvétlenim muze byt, Ze se u naSeho pacienta jedna o novou, dosud
nezndmou mutaci. Nové typy mutaci se v poslednich letech stale objevuji, byl popsan
frameshift (Jin et al., 1996), delece (Aguirre et al., 2008; Pizzuti et al., 2004; Sediva et al.,
2007), stop (Ujike et al., 2001) nebo missence mutace (Kreisel et al., 2004; Tranebjaerg et al.,
2000a). Téz byla popsana mutace v intronické ¢asti genu, ktera neni béznym genetickym
vySetieni detekovana (Ezquerra et al., 2005).

Obdobna kombinace klinickych pfiznakt - generalizované dystonie a hluchoty mize
byt asociovana s missence mutaci genu kodujiciho B-aktin (Procaccio et al., 2006) nebo s tzv.
Woodhouse Sakatiho syndromem (Schneider and Bhatia, 2008). Tyto syndromy se vSak
projevuji také vyvojovymi abnormalitami a vrozenymi malformacemi, které u naSeho
pacienta pfitomny nebyly.

Samoziejmé nelze vyloucit, Ze se zde jedna o komorbiditu — tedy 0 pacienta s primarni
dystonii, ktery nahodou trpi téz hluchotou. To vSak, vzhledem K ostatnim piiznakim
typickym pro syndrom dystonie — hluchota, povazujeme za velmi nepravdépodobné. Témito
ptiznaky jsou subklinickd porucha zraku objektivizovand pomoci vizuédlnich evokovanych
potencialii a psychoticka epizoda v anamnéze. Proto se stdle domnivame, ze se spiSe jedna o
syndrom dystonie — hluchota s neznamou mutaci genu.

Na rozdil od piedeslych praci o pfipadech pacientl s timto onemocnénim, jsme se
nezam¢éfili na patologii (Bahmad et al., 2007; Koehler et al., 1999) ani na typy mutaci genu
(Aguirre et al., 2008; Hayes et al., 1998; Jin et al., 1996; Roesch et al., 2002; Swerdlow and
Wooten, 2001; Tranebjaerg et al., 2000a; Ujike et al., 2001), ale soustiedili jsme se na novou
moznost symptomatické terapie téchto pacientt.

Po selhani dostupné farmakologické 1é¢by jsme piistoupili k implantaci elektrod do
oblasti globus pallidus. Tento postup jsme zvolili prakticky jiz pfi ohrozeni Zivota pacienta
zakladnim onemocnénim, kdy cervikélni dystonie vedla k té¢Zké poruse polykani a dychacim
obtizim. Vzhledem k tomu, Ze neexistuji jasnd indikacni kritéria pro aplikaci DBS GPi u
pacientt s dystonii, vychazeli jsme z piedeSlych empirickych pozorovani efektu (Volkmann

and Benecke, 2002). | v nasem piipad¢ se jednalo o mladého pacienta s pomalu progredujici
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generalizovanou mobilni dystonii, Snormalnim perinatalnim vyvojem, bez globalniho
kognitivniho deficitu a s normalnim nalezem MR nélezem mozku.

Tak jako u ostatnich pacientli s generalizovanou dystonii, se terapeuticky efekt DBS GPi
objevil postupné¢, mésice po zahajeni stimulace (obrazek ¢. 1). Maximum efektu bylo patrno
10 mésicti po implantaci, kdy BFMDS skoére kleslo o 75%. Tento efekt je srovnatelny
s efektem DBS GPi u pacientt s primarni DYT1 dystonii (Coubes et al., 2002).

Z nasi prace vyplyva, ze DBS GPi miize byt velmi vyhodnou symptomatickou terapii u
pacientd se syndromem dystonie — hluchota. Pacient i 16 mésici po implantaci elektrod
vykazuje stabilni efekt stimulace. Otazkou ziistava dalsi vyvoj klinického stavu. U pacientli
S primarni generalizovanou dystonii je popisovan dlouhotrvajici efekt DBS (Coubes et al.,
2002; Vidailhet et al., 2007), naopak u pacientt se sekundarnimi formami dystonie jako napf.
PKAN (Krause et al., 2006) nebo GMI — gangliosidoza (Roze et al., 2006) byva pozorovano
vyhasinani efektu, patrné¢ diky neurodegenerativnim procesim, které dale postupuji.
Vzhledem ale k zatim stabilnimu a dobrému efektu doufame, ze k jeho vyhasnuti v dohledné
dob¢ nedojde.

86



6. Studie ¢. 4. DYT 6 — nova mutace THAP1 genu s vybornym efektem DBS

Souhrn

DYT 6 je typ dystonie s casnym pocatkem obtizi, ktery je zplisoben mutaci genu kodujiciho
thanatos-associated protein (THAP1)(Fuchs et al., 2009). Klinické projevy obvykle zalinaji v
kranialni oblasti nebo na hornich koncetinach a postupné generalizuji. Uvadi se, ze DBS GPi nema u
toho onemocnéni dobry efekt (Groen et al., 2010; Zittel et al., 2010). V této praci je popsana nova
mutace genu THAPL u dvou sourozenct (chlapce a divky) s rychlou generalizaci dystonie vedouci u
chlapce az do status dystonicus. Na rozdil od sedmi pfedchozich pacientl s touto diagnézou (Groen

et al., 2010; Zittel et al., 2010), byl u naseho pacienta patrny vyborny efekt DBS GPi bilat.

6.1. Popis kazuistiky

Prezentujeme rodinu s dvémi nemocnymi jedinci a péti prenase¢i v predchozich dvou
generacich (Obrazek ¢. 1). Matka, dve¢ tety, dédeCek a prateta pacientd byli
asymptomatickymi pfenaseci mutace. Sekven¢ni analyza DNA z periferni krve odhalila v této
rodiné novou mutaci (NM_018105.2) ¢.89C>G v exonu 2 genu THAPL v heterozygotni

konstituci, kterd vedla k zaméné aminokyselin (p.Pro30Arg).

Obrazek ¢. 1. Rodokmen rodiny probanda
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U divky, nyni dvacetileté, se objevila v patnacti letech v€ku pisaiska kie¢. O dva roky
pozdé¢ji se pridala lehka dysartrie a od 18 let trpi dale té¢Zkou dystonii levé ruky. Nyni se tedy
jedna o multifokalni dystonii, ktera postihuje prsty u rukou, nohou, oromandibularni svaly

(BFMDS=8).
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U jejiho bratra, nyni ctrnactiletého, se pisafska kie¢ objevila v osmi letech véku, a
postupné doSlo ke generalizaci a ve dvanacti letech se rozvinul status dystonicus
(BFMDS=41).

V piedchozi préaci byl u tohoto pacienta ukdzan vyborny efekt DBS na ptiznaky status
dystonicus. U tohoto pacienta i 2,5 roku po implantaci ptetrvava excelentni efekt DBS GPi
(BFMDS=3)(Jech et al., 2009) s témito parametry: délka pulzu 450us, frekvence 130Hz a
amplitude vlevo 1.6V; vpravo 1.8V. Pfi neoCekdvaném vypnuti stimulatoru vlevo doslo k
znovuobjeveni cervikalni dystonie. Po opétovném zapnuti stimulatoru dystonie opét vymizela.

Nyni je pacient stimulovan dobijitelnym RC stimuldtorem (Medtronic, Minneapolis,
MN). Pfi vyméné stimulatoru doSlo po probuzeni z anestézie u pacienta k nékolika
generalizovanym dystonickym zaSkubim trupu a koncetin, které pfipominaly zaSkuby pfi
status dystonicus. Tyto zaskuby vymizely nékolik minut po zapnuti stimulatoru. V soucasné
dobé¢ u pacienta pretrvava pouze lehka dystonie pravé ruky a mirna dysartrie (BFMDS=6).

Od objeveni mutace THAP 1 genu ¢.89C>G, je toto prvni piipad vyborného efektu DBS
u pacienta s DYT 6 dystonii a téZ patrné prvni pfipad status dystonicus u této diagnodzy. Je
fada divodt, pro€ je u naseho pacienta patrny tak dobry efekt DBS (98% zlepSeni za 1 mésic,
85% 32 mésicu po implantaci) na rozdil od pfedchozi prace Groen et al.(Groen et al., 2010)
(33% prameérné zlepseni 6 mésict po implantaci) nebo dvou pacientt z dalsi studie - Zittel et
al.(Zittel et al., 2010) (mirné zlepSeni). Kromé& rozdild v klinickém obraze a DBS
parametrech, muaze byt dalSim divodem pravé specifickd mutaceTHAP1 genu. Mutace
THAPI genu maji velkou variabilitu a jejich pocet stale roste. V r. 2009 bylo popsano prvnich
patnact mutaci genu, 0 rok pozdéji uz bylo uvadéno dalsich 25 mutaci. (Burke et al., 1985;
Groen et al., 2010; Houlden et al., 2010; Van Gerpen et al., 2010; Zittel et al., 2010) Na rozdil
od osmi ptfedchozich pacientt, mél nas pacient (Jech et al., 2009) mutaci lokalizovanou v
prvni poloving exonu 2. Ctyfi pacienti (Groen et al., 2010) mé&li mutaci v druhé poloving
exonu 2, dva (Groen et al., 2010; Zittel et al., 2010) v exonu 3 a jeden pacient (Zittel et al.,
2010) v exonu 1.

Mizeme se pouze domnivat, ze kazdy exon ovliviiuje klinickou manifestaci a i

odpovéd’ pacienta na DBS.
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7. Zavéry

. U pacientit s pisarskou kieci je pritomen odlisny vzorec kortikdlni aktivace pri provideni pohybui,
které mohou dystonii indukovat (komplexni pohyby) a pohybu, které ke kieci obvykle nevedou
(jednoduché pohyby).

Hypotéza potvrzena

Prokazali jsme, Ze u pacientl s pisafskou kieci dochdzi oproti zdravym osobam

K rozsahlym zménam aktivace mozkové kury pii provadéni komplexnich (potencialné

dystonii vyvolavajicich), ale nikoliv jednoduchych pohybl postizenou rukou. Tyto zmény

byly pfitom nezavislé na obsahu psaného projevu ¢i pfitomnosti vizualni zpétné vazby. Na
rozdil od ptedchozich studii jsme pouzili parametricky design fMR s pouzitim kinematickych
parametrd, které umoznily potlacit interindividualni rozdily v pohybu ruky a vyjadfit hlavni

podstatu odlisného kortikalniho motorického vzorce pacienti.

. SI ¥rTMS je schopna pozitivné terapeuticky ovlivnit klinické projevy pisarské krece. Efekt
terapie je patrny pri subjektivnim i objektivnim hodnoceni pisma pacientii a jejich pocitii pri
psani.

Hypotéza potvrzena.

Prokazali jsme, Ze nizkofrekvencni SI rTMS vede k dlouhodobému zlepSeni psani u
pacienti s pisafskou kieci. Toto zlepSeni bylo patrno u deseti z jedendcti pacientl terapeutické
studie. U vSech trvalo zlepSeni n€kolik tydnli. Naopak po aplikaci placebo rTMS nedoslo
k signifikantnimu zlep$eni u zadného z pacientd. Pilotni studie méla hlavni vyznam v tom, ze
nas upozornila na vhodny cil stimulace V rdmci primarni somatosensorické kliry. Timto cilem
byl Gzky pruh podél sulcus postcentralis.

Nase studie tedy ukazuje na rTMS jako na novou uspé€Snou metodu 1écby pisaiské kiece

a zaroven podtrhuje vyznamnou roli somatosensorické kliry v patogenezi tohoto onemocnéni.

.  Efekt rTMS je doprovazen zménami aktivace mozkové kiry v obraze fMR.
Hypotéza potvrzena

Po redlné SI rTMS jsme pozorovali rozsahlé zmény aktivace korovych oblasti
v obraze fMR hlavné v prub¢hu aktivnich pohybu postizené koncetiny. Jednalo se predevsim
o zmény Vv primarni somatosensorické kulie, posteriorni parietalni kife a suplementarni
motorické oblasti. Tyto zmény jsou patrné vysledkem reorganizace mozkové kury vlivem

rTMS. Placebo rTMS naproti tomu neindukovala zadné zmény.
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V. DBS je ucinnou terapeutickou metodou i u vzacnych dystonickych syndromii, pokud se jednad o
mobilni formy dystonie, vzniklé v détstvi a bez kognitivniho deficitu. Ucinek DBS je patrny pii
objektivnim vySetieni pacienta pomoci Burke Fahn Marsdenovy skaly (BFMDS).

Hypotéza potvrzena.

U pacientli se vzacnymi dystonickymi syndromy (fenotyp syndromu dystonie —

hluchota a DYT 6 dystonie) doslo po implantaci DBS GPi k vyraznému subjektivnimu a

objektivnimu zlepSeni klinického stavu. ZlepSeni klinického stavu bylo jasné priikkazné pfi

vysetieni BFMDS.
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8. Seznam zkratek pouzitych v textu

EMG
TSFD
GF
DYT1
Sl
GABA
SSEP
GA
SMA
SM
TENS
PM
TMS
MEP
pTMS
SP

ISI
BOLD
DBS
rTMS
fMR
PET
MR
LED
GPi
BFMDS
PKAN
SIrTMS

FWE
Sl
Mi

elektromyografie

task — specific fokalni dystonie

pisafska kie¢ (grafospasmus)

idiopaticka torzni dystonie typ 1

primarni somatosensoricka kira

kyselina gama — aminomaselna
somatosensorické evokované potencialy
geste antagoniste

suplementarni motoricka area

primarni sensorimotoricka ktira

perkutanni elektricka stimulace nervi
premotoricka kiira

transkranialni magneticka stimulace
motorické evokované potencialy

parova transkranialni magneticka stimulace
perioda utlumu (silent period)

interstimulacni interval

blood oxygenation level dependent

hlubok4 mozkova stimulace

repetitivni transkranidlni magneticka stimulace
funkéni magnetické rezonance

pozitronova emisni tomografie

magneticka rezonance

svétlo emitujici

globus pallidus, vnitini ¢ast

Burke — Fahn — Marsdenova dystonicka skala
deficit pantotenat kindzy (diive Hallervorden Spatzova nemoc)
repetitivni transkranidlni magneticka stimulace primarni
somatosensorické klry

family — wise error korekce

sekundérni somatosensoricka kira

primarni motorick4 ktira
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DCM dynamické kauzalni modelovani

PPC posteriorni parietalni kira

BF Bayesovsky faktor

GBF skupinovy Bayesovsky faktor
PER pomér pozitivnich dikazl

BA Brodmannova area

SCA spinocerebelarni ataxie

THAP thanatos — associated protein
DYT6 idiopaticka torzni dystonie typ 6
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Abstract

Objective: Patients with writer’'s cramp (WC) were studied for differences in cortical
activation during movements likely to induce WC (complex movements) and movements which
rarely lead to dystonia (simple movements).

Methods: Eleven WC patients (10F, 1M, mean age 41.5%(SD)7.2 years) and eleven age
matched controls were examined for Blood Oxygenation-Level Dependent (BOLD) 1.5 T fMRI. The
complex task consisted of writing a single letter or random drawing using an especially adapted
joystick with the line of trajectory visualized or hidden. The simple task consisted of self-initiated
fingers flexion/extension using the affected hand.

Results: Unlike the controls, WC patients performing complex movements exhibited a lower
BOLD signal in the primary sensorimotor cortex and in the posterior parietal cortex bilaterally. A
hypoactivation was also observed in the right secondary somatosensory area, in the right anterior
insula and in the left premotor cortex (p<0.05 corrected). No significant intergroup differences were
found for simple movements.

Conslusions: Although WC patients’ complex movements during fMRI were never associated
with dystonic cramp, they exhibited an abnormally low cortical activity. This phenomenon was not
observed in simple movements and was unrelated to the character of handwriting or to visual
feedback.

Significance: Our results support the dualistic behavior in the sensorimotor system in WC.

Highlights:
1) We showed that patients with writer’s cramp (WC) as compared to healthy subjects exhibit
major changes in cortical activation during complex but not simple movements when using
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the affected hand. This supports the theory of dualistic behavior in the sensorimotor cortex
of WC patients where the execution of voluntary movement can occur in two ways —
physiological or pathological.

2) The observed fMRI changes were independent of character of graphic expression (writing or
scrawling) and the presence of visual feedback.

3) Unlike previous studies, we have chosen a parametric event-related fMRI design using
kinematic parameters of writing for compensation of inter-individual variability of hand
movements and thus better visualization of differences in the cortical motor pattern
between WC patients and controls.

1. Introduction

Writer’s cramp (WC) is the most common type of task-specific focal dystonia. Manifested by
involuntary muscle contraction of agonists and antagonists of the forearm and hand, it is usually
associated with writing as it is the most frequent complex movement (Marsden and Sheehy, 1990).
Predisposed individuals are likely to develop WC with a combination of risk factors and excessive
writing effort (Roze et al.,, 2009). However, the pathophysiological mechanisms of WC remain
unclear. WC is probably underpinned by the involvement of the motor as well as the sensory system
and their aberrant mutual integration (Abbruzzese et al., 2001; Vidailhet et al., 2009).

WC arises from a selective disorder of motor programming for writing as a result of impaired
motor learning. The execution of all other movements is little or unaffected. This supports the theory
of the motor system dualistic behavior in task-specific dystonia in which the execution of a specific
(dystonia-inducing) movement is associated with a different cortical pattern than other movements.
The motor pattern of cortical activation in WC has repeatedly been studied with methods of
functional imaging — functional magnetic resonance (fMRI) and positron emission tomography (PET)
(Table 1). Execution of movements unaffected by WC usually revealed hypoactivation in the primary
sensorimotor cortex (SM1), the supplementary motor area (SMA) (Butterworth et al., 2003; Islam et
al., 2009; Oga et al., 2002; Wu et al., 2009) and the posterior parietal cortex (Butterworth et al.,
2003; Wu et al., 2009). Conversely, these areas were found to be hyperactivated during signs of WC
(Hu et al., 2006; Lerner et al., 2004; Odergren et al., 1998). Other studies brought rather different
results (Ceballos-Baumann et al., 1997; lbanez et al., 1999; Preibisch et al., 2001) perhaps due to a
different task design or technique of functional imaging. Some authors used parametric designs to
describe quantitative relationships between the intensity of dysfunctional motor areas and the
extent of the movement performed, e.g., the number of words written (lbanez et al., 1999; Odergren
et al., 1998) or the severity of dystonia (Lerner et al., 2004). This suggested that fMRI parametric
analysis with use of other quantitative variables may further improve our understanding of the
pathophysiological mechanisms of focal dystonia.

We employed the parametric approach as well. Using two motor tasks with complex and
simple movements performed by patients and healthy controls, we searched for the motor system
dualistic behavior in WC. It was necessary to make sure that the selected complex movement should
be short enough to not induce WC during the experiment. Rather than obtaining a fMRI correlate of
focal hand dystonia, we expected to detect an inter-group difference in the cortical pattern during
the execution of complex but not in simple movements. The latter consisted of the opening and
closing of a hand, for the former we chose writing with a specially adapted joystick held as a pen. In
contrast to most of the previous fMRI studies, we used an event-related design which offers the
advantage of correct assessment from the start and duration of each single movement.

This may not be completely precise because the fMRI motor pattern may depend heavily on
other factors, such as writing content or the presence of sensory feedback. It has been reported that
drawing lines doesn't necessarily lead to dystonic cramp (Odergren et al., 1998). Similarly, there are
only a few reports of focal hand dystonia in painters. Moreover, the process of writing depends on
somatosensory proprioception and visual control. While somatosensory perception is known to be
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altered in WC patients (Bara-Jimenez et al., 2000b; Nelson et al., 2009; Sanger et al., 2001) visual
feedback is probably not crucial for the clinical manifestation of WC (Chakarov et al., 2006; Prodoehl
et al., 2006). Conversely, when WC patients see someone’s hand writing it leads to significant
changes in motor cortex excitability (Fiorio et al., 2010) suggesting that visual input may play certain
role in WC.

Hence, we studied the execution of complex movements from two aspects. One was the
“character” of writing with the subject writing a predefined letter or just freely doodling. The idea
was to find out whether the motor pattern for writing, i.e., the motor activity which is usually
associated with WC, is different from healthy subjects when compared to the motor pattern for
random scrawling. The second aspect was the presence or absence of “visual feedback” with the
subject seeing or not seeing the line trajectory on the screen. Unlike previous studies, we included
several quantitative motor parameters in the fMRI parametric analysis such as the speed of writing,
the line length and its tortuosity since the handwriting of WC patients is marked by kinematic
differences from healthy subjects (Schneider et al., 2010).

2. Method

2.1. Subjects and clinical examination

Eleven WC patients (10F, 1M; mean age 41.5%(SD)7.2 years) and 11 healthy volunteers (5F,
6M; 44.619.3 years) were enrolled in the study. All the subjects were right-handed, and the WC
patients were affected by dystonia in their right hand. We included only patients who had developed
WC in adulthood and in whom a secondary origin of dystonia had been excluded. Prior to enrollment
in the study, five had been treated with botulinum toxin A — with the last dose applied at least 4
months previous to the study. The mean duration of the disease was 4.7+2.7 years. The WC patients’
demographic data are presented in Table 2.

The clinical extent of dystonia was rated objectively with the Burke-Fahn-Marsden Dystonia
scale (BFMDS)(Burke et al., 1985) and subjectively with visual analogue scales concentrated on the
hand function (0 — completely disabled function; 10 —normal function ) and on hand pain during
writing (0 — no pain; 10 — maximal pain) and also with the 2-minute writing test. Before enrollment,
all the participants were given detailed information and signed an informed consent. The study was
approved by the local ethics committee and was conducted in compliance with the Helsinki
declaration.

2.2 Complex motor task

The subject was lying supine in the MR scanner with his/her right hand on the adapted joystick
held like a pen, and facing the screen in order to watch the line written during the fMRI task. In half
the cases (=events) the subject was instructed to write a letter (B, L, M, P, R, U, V or Z), in the other
half — to scrawl a random figure. While in 50% of the events the joystick line trajectory was
continuously visualized, the line was hidden in the other 50%.

The task took 11 minutes to complete. Its course is described on the Fig. 1. Each event began
with a symbol displayed on the left side of the screen for a period of 500 ms expressing instruction
what to write during this event (a specific letter or figure for random scrawling). The subject was
informed by the “yellow ink” of the letter/figure that the line would be visible; “grey ink” indicated
that the line would not be displayed. Disappearance of the symbol directed the subject to start
writing/scrawling. The time interval reserved for the writing/scrawling was always 14 s, whereupon
the red fixation cross in the center turned black announcing the end of time and the need to return
the joystick to its neutral position. During the subsequent 26 sec of resting phase, the subject was
waiting for the next event.

Each subject was trained to finish writing the letter/scrawling the figure well before the time
limit and try to do it at approximately the same speed. The writing/scrawling area was defined by a
dot grid in order to make a comparable size of the letters/random figures. The symbols of
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letters/figures for random scrawling with the instruction about presence/absence of visual feedback
were ordered pseudo-randomly to reach all combinations equally (out of the total number of 16
events, a letter was written 4 times in the presence (25%) and in the absence (25%) of visual control;
likewise, a random figure was scrawled 4 times in the presence (25%) and in the absence (25%) of
visual control. The relative size of the dot grid allowing each subject to identify the symbol and
perceive the trajectory line upon visual fixation of the central cross.

2.3 Simple motor task

Each subject was instructed to make a voluntary movement, in this case the opening and
closing of the fingers on their right hand. The beginning of each movement was solely up to the
subject. Emphasis was laid on correct performance of the movement (slow flexion followed by slow
extension of the metacarpophalangeal and proximal interphalangeal joints of digits II-V, lasting about
5 s). During the 6-minute task, the subject was expected to make roughly 10 such movements
without counting them. Throughout the fMRI experiment, the eyes remained closed, both upper
extremities extended on armrests in the semi-pronated position.

fMRI protocol and statistical processing

A 1.5 T Siemens Symphony scanner (Erlangen, Germany) was used for magnetic resonance
imaging. For Blood Oxygenation-Level Dependent (BOLD) fMRI, a gradient echo planar T2*-weighted
sequence (TR=2900 ms; TE=56 ms; FA=90 deg) was employed using 31 axial sections covering the
entire brain and cerebellum. The matrix size was 64x64 with an in-plane resolution of 2.6 x 2.6 mm?.
The slice thickness was 3 mm with an inter-slice gap of 1 mm. A total of 224 dynamic scans were
acquired during the complex task and 128 during the simple task. Morphological brain imaging was
carried out by magnetization-prepared rapid gradient echo acquisition (3D MP-RAGE) T1-weighted
sequence (TR = 2140 ms; TE = 3.93 ms; FA = 15 deg; Tl = 1100 ms) with 160 axial sections with 1.6-
mm thickness.

We used a Trust Predator XK100 joystick of 100 Hz sampling frequency with continuous
recording of the x, y cursor co-ordinates synchronized with fMRI acquisition for movement detection
during the complex task. During visually controlled movements, the cursor position and the drawn
trajectory line were projected immediately on a screen. The functions of the MR scanner, LCD
projector and joystick were coordinated with our E-Seng software (J. Wackermann & T. Sieger). The
joystick-recorded movements were used for the computation of three kinematic parameters of
writing/scrawling which were subsequently employed in statistical analysis. The writing/scrawling
duration was determined from the beginning of the movement to the cursor stabilization at the end
of the movement. The trajectory length was calculated as the relative cumulative distance between
all the actual states of the cursor defined by the writing/scrawling duration. For tortuosity
estimation, the trajectory was first approximated with a fractional line consisting of N vectors of
length A/10 (where A was the length of the cursor area edge) and subsequently defined as the ratio
of the sum of angles between the successive fractional line vectors and the right angle.

= —_— >
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TR

In the simple task, hand movement was detected using a digital video camera (Canon MV20i)
synchronized with fMRI acquisition. This was done using a flashing LED synchronized with TR MRI
pulses and placed in the camera field as well as the subject’s hand. For analysis we used our software
(fMRI synchro software, G. Operto) which permits automatic detection of the LED flashes and expert
assisted detection of the beginning/end of each hand movement with 40 ms precision. Only
movements lasting 4-6 seconds were selected for statistical analysis.
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fMRI from both tasks were analyzed using the SPM5 software (Wellcome Trust Centre for
Neuroimaging, UCL, London, UK) and Matlab 6.5 (The MathWorks, Inc, Natick, MA). In the
preprocessing phase, image data were corrected for motion artifacts, normalized (Ashburner and
Friston, 2005) and blurred using Gaussian kernel 8-mm full width at half maximum. Statistical
analysis was based on the general linear model. For individual statistics, the design matrix was
constructed with use of canonical hemodynamic response function (Friston et al., 1998) in respect to
the start and duration of each movement. Individual contrasts were calculated from BOLD signal
differences between the movement and resting phases. As for the complex motor task, contrasts
were determined for each type of movement separately, depending on writing/scrawling and the
presence of visual control.

For fMRI group analysis of the complex motor task, we used a full factorial design with two
factors: (i) character of graphic expression (letter/random figure), and (ii) visual control (presence/
absence) and three covariates: (i) drawn line length, (ii) duration of time of writing/scrawling and (iii)
tortuosity line. The group statistics were based on the contrast between WC patients and healthy
controls (and vice versa) for complex and simple movement tasks separately. Finally the results were
visualized at the p<0.05 level of significance and corrected for family-wise error (FWE).

Behavioral data from the joystick was subject to a separate statistical analysis comparing the
patients” and the controls’ movements from the perspective of individual length, duration and
tortuosity of the line. For that purpose, ANOVA with a repetition in the software SPSS 14.0.1 (SPSS
Inc, Chicago, IL) was used.

3. Results

According to visual analog scales, the function of the dystonic hand was disabled in WC
patients at 4.7+(SD)2 points and its pain reached an average of 3.7+3 points. The number of letters
written during copying of the text (2-minutes writing task) was significantly lower in WC (145472)
than in healthy subjects (2404£58)(T=3.3, P<0.01). No objective or subjective signs of dystonia were
noted during fMRI in any of the patients performing motor tasks with complex or simple movements.

3.1 Complex motor task

Neither letter writing nor random scrawling movements showed any statistical differences
between the two groups of subjects in terms of writing duration, line length or tortuosity. Distinct to
healthy controls, complex movements in WC patients were marked by significantly lower BOLD signal
intensity in a cluster covering nearly all of the rolandic area (SM1 cortex) of the right hemisphere (Fig.
2a). After compensation of the results for all three kinematic parameters (writing duration, line
length and tortuosity), the existing results became more emphasized along with the appearance of
new cortical clusters in both hemispheres. The BOLD signal was significantly lower in WC patients as
compared with controls in all these areas (Fig. 2b) whereas a BOLD signal increase was not observed
in any of the brain regions.

A diffuse insufficient BOLD signal activation during the complex motor task was noted in the
patients group regardless of the character of writing or the presence of visual feedback, i.e., when
analyzing all of the complex movements together (Fig. 3 — top). Reduced BOLD signal intensity was
present bilaterally in the primary sensorimotor cortex (SM1), predominantly in its sensory part, and
also in the posterior parietal cortex (PPC). These areas exhibited prominent asymmetry with marked
BOLD signal reduction in the right hemisphere. In addition, significant BOLD signal reduction was
noted in the right secondary somatosensory area (S2) and anteriorly in the right insula. In contrast,
premotor cortex activity was found to be reduced solely in the left hemisphere (Table 3). The inter-
group differences in BOLD signal intensity were conditional upon different phenomena (Fig. 3 —
bottom). In patients, this difference arose from insufficient activation in the right SM1 cortex
alongside with relative signal decrease in the left SM1 cortex, right S2 cortex and insula. The patients’
premotor cortex on the left remained practically inactivated and just like healthy subjects had no

99



activation in the right anterior insula or S2 cortex.

Modulation by the factors of character (writing/scrawling) and visual feedback (presence/
absence) had a similar impact in both groups of subjects (Table 4) with no factor-group interaction.
Both the patients and the healthy controls developed similar BOLD signal increase in the left S1
cortex with writing compared to random scrawling. Under visual control both groups of subjects
showed similar hyperactivation in the secondary visual cortex accompanied by concurrent
deactivation of the prefrontal cortex (Fig. 4).

3.2 Simple motor task

The number and duration of the task movements revealed no inter-group differences. The
execution of movements in both WC patients and healthy subjects was associated with an expected
BOLD signal increase in a number of motor and sensory areas. However, a comparison of the two
groups showed no significant differences in cortical activation.

4. Discussion

Complex movement in WC patients was associated with a significant BOLD signal change in a
number of motor and non-motor areas in both hemispheres, despite a lack of differences in
kinematic parameters of motor performance between the patients and the controls during the task
(Table 3). However, this finding does not reflect any clinical manifestation of dystonia since no
dystonic cramp was observed during the fMRI experiment in any of the patients. This finding is
probably a consequence of functional reorganization of the cortex in WC patients solely for situations
where a complex movement had been executed, i.e. even before first signs of WC occurred. As
expected, patients exposed to prolonged exertion of complex movements during the 2-minutes
copying task induced the WC, which deteriorated their writing performance by 40% against the
control group. In contrast, during simple movements, which never induced focal hand dystonia, the
functional brain image of the WC patients did not differ from healthy controls (Table 3).

Hence, our results are in agreement with the dualistic behavior of the sensorimotor cortex
where the preparation for and execution of voluntary movement can be realized in two ways —
physiological or pathological. Our study thus aligns with some previous works describing correlates of
dystonic cramp in WC patients (Ceballos-Baumann et al., 1997; Hu et al., 2006; lbanez et al., 1999;
Lerner et al., 2004; Odergren et al., 1998; Pujol et al., 2000), or searching for changes in cortical
activation during a movement with no signs of WC during the experiment (Butterworth et al., 2003;
Ibanez et al., 1999; Islam et al., 2009; Odergren et al., 1998; Oga et al., 2002; Peller et al., 2006; Wu
et al.,, 2009). Movements that didn’t induce dystonic cramp were often associated with lowered
activity in premotor and motor areas, while those which provoke WC were usually accompanied by
abnormally increased cortical activity (Table 1).

Unlike several published studies (Table 1) on functional imaging in WC, we employed a
parametric fMRI design, in which we considered the time spent by writing, the length and the
complexity of the line drawn. We anticipated that use of covariates comprising the basic kinematic
parameters of movement would suppress inter-individual variability of cortical activation resulting
exclusively from the physical properties of movement, thus enhancing inter-group differences based
more on movement planning and control. This assumption proved to be correct as the use of
kinematic covariates highlighted the existing results and visualized other areas in both hemispheres
which would otherwise have remained undisclosed (Fig. 2).

While performing complex movements (regardless of writing or scrawling), our WC patients
exhibited exclusively reduced cortical activity when compared with healthy controls (Fig. 3 — top,
Table 3). This apparent uniform pattern of the BOLD signal reduction was caused by several different
phenomena (Fig. 3a-f) — insufficient activation, absence of activation or even deactivation. Firstly, the
right SM1 cortex (ipsilateral to the movement) was activated in WC patients too little when
compared to controls. Secondly, there was either no BOLD response or even deactivation in areas
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which were activated in healthy persons. This absence of BOLD response affected mainly the
patients’ premotor cortex in the left hemisphere (contralateral to the movement), and the posterior
parietal cortex bilaterally. The BOLD signal deactivation was found only in the lateral parts of the
SM1 cortex, in the right Sl cortex and in the insula — i.e., in areas which were uninvolved during
complex movements in healthy individuals.

Hence, the complex movement control in WC patients is probably organized in an entirely
different way. It is hard to decide whether this different cortical pattern in WC patients is only a sign
of pathological involvement preceding dystonic cramp or a sign of brain adaptive compensation,
which the dystonia is being suppressed or even prevented.

As expected, the greatest BOLD signal differences were found in the sensory part of the SM1
cortex and in the Sll cortex in our WC patients. This is in agreement with aberrant involvement of the
receptive fields in the somatosensory cortex (Bara-Jimenez et al., 2000b; Braun et al., 2003; Elbert et
al., 1998; Fiorio et al., 2006; Meunier et al., 2001; Nelson et al., 2009), with the hypothesis of
disordered sensorimotor integration at the cortical level (Abbruzzese et al., 2001; Roze et al., 2009;
Vidailhet et al., 2009) or with the results of several functional imaging studies (Butterworth et al.,
2003; Hu et al., 2006; Ibanez et al., 1999; Islam et al., 2009; Lerner et al., 2004; Odergren et al., 1998;
Oga et al., 2002; Wu et al., 2009). As also confirmed by our previous study, the somatosensory cortex
has an important role in the pathogenesis of dystonia since repeated transcranial magnetic
stimulation of the S1 cortex proved to have an unambiguously positive effect on WC patients
(Havrankova et al., 2010).

Lower BOLD signal intensity was identified in both hemispheres of our WC patients. This is not
surprising, as complex movement are more likely associated with bilateral activation of sensory and
motor areas (Catalan et al., 1998) which are conditional upon rich transcallosal connections (Killackey
et al.,, 1983; Pons and Kaas, 1986). Hence, the connections between the two hemispheres can
facilitate the development of dystonia even on an unaffected extremity (Sheehy and Marsden, 1982).
Bilateral hypoactivation in our patients was also observed in the posterior parietal cortex which is
part of the somatosensory association cortex responsible for the integration and analysis of
somesthetic stimuli (Knecht et al., 1996), and whose dystonia-related dysfunction had already been
described previously (Butterworth et al., 2003). Functional changes in the primary motor cortex (M1)
were found notably less affected than the somatosensory areas. More prominent changes in M1
activity usually do not occur until the appearance of dystonic cramp (Lerner et al., 2004; Odergren et
al., 1998).

The aberrant pattern of motor control in our patients was accompanied by an insufficient
activation of the premotor cortex and SMA which are known to participate in preparation of
voluntary movement (lbanez et al., 1999) and its correct timing (Tanji, 2001). The SMA function is
associated with motor learning and cognitive control of movement (Nachev et al., 2008) and even
engaged in suppression of unwanted movements (Dinomais et al., 2009; Jaffard et al., 2008).
Consequently, the SMA hypoactivation in WC patients may relate to its impaired ability to suppress
the overflow and generation of dystonic movements. The SMA dysfunction has already been
suggested as contributing to the development of dystonia (Guehl et al., 2009) as corroborated by
frequent findings of abnormally decreased SMA activity in dystonic patients (Ceballos-Baumann et
al., 1995; Islam et al., 2009; Lerner et al., 2004; Oga et al., 2002).

Why deactivation in our patients should affect also the anterior part of the insula is not
completely understood. Anterior insula hypoactivation in WC has been observed repeatedly
(Havrankova et al.,, 2010; Hu et al., 2006; Lerner et al., 2004; Peller et al., 2006). We can only
speculate whether this was due to nociception (Treede et al., 1999) or to altered self-perception of
the actual movements (Craig, 2009; Tsakiris et al., 2007) which may accompany dystonia.

Both graphic expressions (writing and random scrawling) were processed by the
somatosensory system in WC patients and healthy controls in a similar way. We consider this to be
one of the main outputs of our study. This was not surprising as both types of the complex
movement were too short to provoke dystonia. It seems then that the writing or scrawling — at least
in the initial phase — does not predetermine whether or not dystonia will appear. This happened
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despite the fact that writing requires more effort from the contralateral SM1 cortex (Fig. 4) than
scrawling and perhaps carries more risk for dystonic cramp development. Higher activation in the
SM1 cortex induced by writing compared to random scrawling occurred in both groups of subjects
(Table 4) and has already been described as being connected to writing (Brownsett and Wise, 2010).

There was no difference in the cortical pattern of our WC patients and healthy controls in
terms of visual feedback. This concurs with the outcome of previous studies failing to confirm any
significance of visual feedback in WC (Chakarov et al., 2006; Prodoehl et al., 2006). In our subjects the
presence of visual control during movement caused a major bilateral activation in the extrastriatal
visual cortex encompassing the V5 — an area involved in motion perception. (Bartels et al., 2008)
When the complex movement was performed in the absence of visual feedback, the control function
appears to have been supplied by the anterior medial frontal cortex (Fig. 4) which engages in tasks
involving self-control, selective attention and error corrections (Meunier et al., 2001; Paus, 2001) and
which was activated in the both groups of subjects to a similar extent.

5. Conclusion

We showed that WC patients exhibit major changes in cortical activation during complex but
not simple movements with the hand affected when compared to healthy subjects. The changes
were independent of the character of writing and the presence of visual feedback. Unlike in previous
studies, we chose a parametric event-related fMRI design using kinematic parameters for
compensation of inter-individual differences of hand movements and thus better visualization of the
cortical motor pattern. All the changes in WC patients were expressed solely by BOLD signal
reduction and were found in the primary sensorimotor and premotor cortices, in the SMA and other
areas important for voluntary movement preparation and control. As the fMRI changes did not
reflect the clinical manifestation of focal hand dystonia during the fMRI experiment, our observations
support the theory of a dualistic behavior of sensorimotor areas in writer’s cramp.
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Fig. 1
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Complex motor task with writing and scrawling. The task consisted in events, each beginning with a
symbol displayed on the left side of the screen which informed the subject what to write
(letter/random figure) and whether the visual feedback will be present or absent: in events a), b)
scrawling of random figure (50%), in events c), d) writing an alphabetical letter (50%); in events a), c)
the line trajectory was continuously displayed (50%), in events b), d) the line was invisible (50%). The
time limit for writing/scrawling and was marked by the disappearance of the symbol and by a color
change in the central cross.
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Fig. 2
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Improvement of the BOLD signal contrast between healthy subjects (N=11) and WC patients (N=11)
using kinematic parameters of writing/scrawling. a) — without these parameters, BOLD signal
reduction in WC patients occurred solely in the right rolandic area, b) — using the duration of writing,
line length and trajectory as covariates, BOLD signal reduction was emphasized and notable in other
areas of both hemispheres (P<0.05 with FWE correction).
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Fig. 3
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BOLD signal decrease in WC patients (N=11) performing active complex movements regardless of
the character of writing or the presence of visual feedback as compared with healthy controls
(N=11); Top: Results of fMRI group analysis in selected axial and sagital projections (P<0.05 with FWE
correction). Bottom: fMRI group analysis with contrast estimates (¥90% confidence interval) in
selected clusters from the upper part of the figure relative to the character of writing (W — writing, R
—random scrawling) and to the presence of visual feedback (V — present, N — absent). White columns
denote contrast estimates in healthy controls, gray columns in WC patients; a — premotor cortex, b —
anterior insula, c — S1 cortex, d, g — SM1 cortex, e, h — PPC, f —S2 cortex, i — SMA
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Fig. 4
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Character of writing and visual feedback effects on BOLD signal during active complex movement
task in both groups of subjects (N=22); Top: results of fMRI analysis in selected sections (P<0.05 with
FWE correction). Bottom: fMRI group analysis with contrast estimates (+90% confidence interval) in
selected clusters from the upper part of the figure relative to the character of writing (W — writing, R
—random scrawling) and to the presence of visual feedback (V — present, N — absent). White columns
denote contrast estimates in healthy controls, gray columns in WC patients; a — S1 and PPC, b — V4
and V5 cortex bilaterally, ¢ — paracingulate sulcus
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Table 1

study N type imaging task results cramp
Ceballos-Baumann etal. 1995 6 ID* PET (ED) joystick movements N PMC, SMA, DLPFC, ant. cingulate Y1
J caudal SMA, posterior cingulate, mesial
parietal c.
Ceballos—-Baumannetal. 1997 6 WC PET (ED) writing N S1, PMC, mesial parietal c., vermis Y
J M1, caud. SMA, mesial parietal c.,
ant. cingulate, mesial prefrontal c.,
thalamus
Odergren et al. 1998 4 WC PET (PA) writing N SM1*, cerebellum Y
{ supramarginal g., angular g.
drawing no changes N
Ibdfiez et al. 1999 7 WC PET (ED)  writing J PMC Y
wrist+finger flexion J SM1 N
tapping no changes N
Pujol et al. 2000 5 MC fMRI(ED)  music instrument playing I SM1 Y
J PMC
Preibisch et al. 2001 12 WC fMRI (ED)  writing  cerebellum Y?
{ sup.+middle temporal g., lingual g.
Oga et al. 2002 8 WC fMRI (ERD) right wrist relaxation J SM1, SMA N
right wrist contraction J SM1, SMA N
Butterworth et al. 2003 9 WC fMRI (ED) 2™ digit vibrotact. stimul. S2, PPC N
5™ digit vibrotact. stimul.  {, S2 N
Lerner et al. 2004 10 WC PET (PA) writing ™ Sm1 Y
J SMA
tapping no changes Y7
Hu et al. 2006 10 WC fMRI (ED)  writing with pen N cerebellum Y
J thalamus
writing with finger no changes Y
mental writing no changes Y
Peller et al. 2006 17 WC fMRI (ED) 2" digit tactile stimul. N BG, insula, parietal c., N
posterior visual c., frontal operculum
Islam et al. 2009 17 wcC fMRI (ED)  tapping J SM1, SMA, S2 N
2" digit flexion ds1 N
median nerve stimul. no changes N
Wou et al. 2009 11 WC,MC fMRI(ED) complex tapping J PPC, SMA, cerebellum N
simple tapping J SM1, SMA, cerebellum N
Havrdnkovd et al. (this study) 11 WC fMRI (PA)  complex (writing/drawing) , SM1, S1, S2, SMA, PMC, PPC, insula N

simple (hand grips) no changes N

Summary of previous functional imaging studies on task-specific focal dystonia.

N — number of patients; type of dystonia: ID — idiopathic dystonia, WC — writer’s cramp, MC — musician cramp;
functional imaging method: fMRI — functional magnetic resonance imaging, PET — positron emission
tomography; study design: (ED — epoch design, ERD — event related design, PA — parametric analysis); type of
study task; results — () higher or (J,) lower activity in patients relative to controls (PMC— premotor cortex,
SMA — supplementary motor area, DLPFC — dorsolateral prefrontal cortex, SM1 — primary sensorimotor cortex,
S1 - primary sensory cortex, M1 — primary motor cortex, S2 — secondary somatosensory cortex, PPC — posterior
parietal cortex); cramp — dystonic cramp during the task: Y —yes, N —no, Y1,7 — reported number of patients
with dystonic cramp during the task, Y? — presence of dystonic cramp during the task not reported; *one
patient with writer’s cramp only; *positive correlation with writing duration.
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Table 2

case age sex duration type botulinum BFMDS hand funct. pain
1 53 F 3 simple no 3 7.8 3.2
2 30 F 9 complex no 3 5.2 0

3 42 F 3 simple yes (4m) 2 4.9 2.7
4 43 F 8 complex yes (24m) 4 4.8 9.6
5 39 F 4 complex yes (5m) 3 3.0 7.2
6 38 F 3 complex yes (12m) 3 2.2 0.6
7 50 F 4 simple no 4 7.8 5.6
8 30 F 2 simple no 3 2.2 4.9
9 42 F 10 complex no 3 2.0 0

10 47 F 2 simple no 3 6.9 0.4
11 42 M 4 simple no 3 4.6 6.7

Group of 11 patients with writer’s cramp (WC) enrolled in the study.
M/F — male/female; duration — duration of WC (years); type — type of WC: simple/complex;
botulinum — previous treatment with botulinum toxin: yes/no — if yes, time since last injection in
months; BFMDS — motor Burke Fahn Marsden dystonia scale; visual analogue scale of hand function
(0 — normal, 10 — completely disabled); visual analogue scale of hand pain (0 — no pain, 10 — maximal

pain)

Table 3

The BOLD signal reduction in writer’s cramp patients (N=11) as compared to healthy subjetcs
(N=11); group analysis with FWE corrected results at P<0.05 level.
BA —Brodman’s area; x, y, z— MNI coordinates; k — size of cluster; T — statistics, P — uncorrected

complex movement task: BA X y z k T P

left superior frontal g. (premotor) 6 -16 -8 62 106 6.78 0.00002
left central s. (SM1) 4,3,1,2 -50 -16 44 40 5.68 0.003
left paracentral lobule (SMA) -10  -22 49 161 5.93 0.001
left superior parietal lobule (PPC) 7 22 -60 62 28 5.23 0.01
right postcentral g. (S1) 3,1,2 54  -26 44 6.99 0.00002
right central s. (SM1) 4,3,1,2 4  -20 44 } 1057 6.60 0.0001
right postcentral g. / parietal operculum (S2) 50 -4 14 6.02 0.0009
right inf. frontal g. / anterior insula 34 34 8 376 6.59 0.0001
right superior parietal lobule (PPC) 7 22 -46 58 79 5.90 0.001

simple movement task:

no signifiant results

108



Table 4

Character of writing and visual feedback effects on the BOLD signal during complex movement task
in both groups of subjects (N=22); group analysis with FWE corrected results at P<0.05 level.
BA —Brodman’s area; X, y, z — MNI coordinates; k — size of cluster; T — statistics, P — uncorrected

complex movement task: BA X y z k T P

WRITING > RANDOM DRAWING:

left postcentral g. (S1) 3,1,2 -16 -32 68 ] 54 4.43 0.002
left superior parietal lobule (PPC) 7 -20  -40 66 4.56 0.002
RANDOM DRAWING > WRITING:

no signifiant results

VISUAL FEEDBACK > NO VISUAL FEEDBACK:

left occipital cortex V4, V5 42 72 -6 3147 11.24 10°
right occipital cortex V4, V5 30 -94 8 4668 15.64 10°
NO VISUAL FEEDBACK > VISUAL FEEDBACK:

right paracingulate s. 12 54 12 26 5.57 0.005
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Abstract OBJECTIVE: Since the somatosensory system is believed to be affected in focal
dystonia, we focused on the modulation of the primary somatosensory cortex
(51 induced by repetitive transcranial magnetic stimulation (rTMS) in order to
improve symptoms of writer’s cramp.

PATIENTS AND METHODS: Patients with writer’s cramp (M=% in the pilot study
and M=11 in the advanced study) were treated with 30-minute | Hz real- or sham-
rTMS of the SI cortex every day for 5 days. Before and after rTMS, 1.5 T fMRI
was examined during simple hand movernents. While in the pilot study the rTMS
coil was navigated over the SI cortex with a maximum of blood oxygenation-level
dependent (BOLD) signal induced by passive movement, patients in the advanced
study had the coil above the postcentral sulcus.

RESULTS: After real-1TMS, 4 pilot study patients and 10 advanced study patients
experienced subjective and objective improvement in writing, while only minimal
changes were observed after sham-rTMS. Patients involved in the active mowve-
ment task exhibited a rTMS-induced BOLD signal increase bilaterally in the 51
cortex, posterior parietal cortex and in the supplementary motor area (p<0.001
corrected). After sham-rTMS, no BOLD signal changes were observed.
COMCLUSIONS: | Hz rTMS of the SI cortex can improve writers cramp while
increasing the cortical activity in both hemispheres. Handwriting improved in
most patients, as well as the subjective benefit, and lasted for 2-3 weels. The ben-
eficial effects of 'TMS paralleled the functional recrganization in the 51 cortex and
cnnnev.ited areas, reflecting the impact of somatosensory system on active motion
contro
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INTRODUCTION

Writer'’s cramp (graphospasm) is the most frequent
form of task-specific dystonia and is manifested as
excessive involuntary co-contractions of the agonists
and antagonists in the forearm and hand, and expe-
rienced mainly in writing (Marsden & Sheehy 19900,
Comventional treatment consists of local botulinum
toxin induced denervation of the dystonic muscles
(Cohen et al. 1989). In addition to the local effects of
botulinum toxin, motor systern changes have also been
demonstrated at a central level (Byrnes et al. 1998
Ceballos-Baumann et al. 1997, Senkarova at al. 2009).
Other treatment techniques are rather experimental
in nature and comprise of special rehabilitation proce-
dures using sensory (Zeuner & Hallett 2003) or motor
training (Zeuner et @l 2008; Zeuner et af. 2005). Suc-
cessful use of deep brain stimulation has also been
reported (Fulaya e al. 2007).

Another approach invelves repetitive transcranial
magnetic stimulation (rTMS) based on a series of
high-energy magnetic pulses applied to the cerebral
cortex. While botulinum toxin affects the brain indi-
rectly through newrcmuscular junction chemodener-
vation causing a change in propricceptive feedback
i Trompetto e al. 200&), rTMS interacts with motion
control directly at a cortical level. After the application
of 1 Hz 'TMS to the contralateral motor cortex, several
patients showed subjective improvement of writer's
cramyp (Siebner e al. 1999). When rTMS was focused
on the contralateral premotor cortex, PET revealed
functional changes in the premotor cortex, basal gan-
glia and cerebellum. However no positive therapeutic
effect was observed (Siebner et al. 2003). In contrast,
another study produced quite opposite results. Thera-
peutic improvernent of dystonia was achieved by rTMS
of the premotor rather than the motor cortex (Murase
et al. 2005),

As follows from the choice of the rTMS targets made
in previous studies, these efforts focused on therapeuntic
intervention in the motor system. Although focal dysto-
nia is primarily considered to be a movernent disorder,
a number of authors have also suggested the possible
involvernent of the somatosensory system. Besides the
positive effects of somatosensory tricks - peste antago-
niste, long-term somatosensory training (Zeuner &
Hallett 2003), or percutaneous somatosensory electric
stimulation of the hand (Tinazzi ef @l 2005), this is
also supported by other findings. Writers cramp also
affects the somatosensory spatial (Sanger et al 2001),
temporal (Bara-Timenez et al. 2000; Fiorio ef al. 2003)
and somatognostic (Fiorio et @l 2008) discrimination
of the hand.

Furthermore, abnormal somatotopy and abnormal
size of the receptive fields of the fingers (Bara-Timenez
et al. 1998; Braun et al. 2003; Elbert et al. 1998; Meunier
et al. 2001; Melson et al. 2009) and significant changes
in somatosensory gating (Murase ef @l 2000) have

been abserved. As docwmented by imaging studies, the
somatosensory cortex of patients with writer’s cramp
exhibits bilateral thickening (Garraux et a!. 2004), vari-
ous functional abnormalities (Butterworth et al. 2003
Hu et al. 200&; Lerner et al. 2004; Peller et al. 200&;
Sanger e al. 2002) and changes in its subcortical con-
nectivity (Delmaire et al. 2009).

Co-responsible for the development of focal dystonia
miay be disordered sensorimotor integration in long-
term motor learning or a somatosensory system abnor-
mity due to overlearning a specific motion { Abbruzzese
et al. 2001; Roze et al. 2009; Tinazzi e al. 2000; Vidail-
het et al. 2009). Historically speaking, the name writers
cramp lends support to the theory. Originally, the term
referred to a cramp experienced by professional indi-
viduals who performed a specific activity (writing) for
several hours per day. Long-term motor learning is
being associated with hyperactivation, disintegration,
enlargement and overlapping of the receptive tields of
the contralateral somatosensory cortex (Candia et al.
2003; Elbert et al. 1995 Floyer-Lea 8 Matthews 2005;
Earni et al. 1995). Such manifestations have also been
found in animal models based on long-term repetition
of active limb movements (Blake et al. 2002; Byl et al.
1997). Some animals developed dystonia-like move-
ments even after prolonged execution of repetitive
movements in a passive way (Byl 2007). This suggests
that in predisposed individuals dystonia can develop by
overloading the somatosensory or propricceptive input
leading to an abnormal rebuilding of first the somato-
sensory and then the motor cortices.

All this led us to the hypothesis that focal dysto-
nia might be therapeutically influenced through the
sommatosensory system. Patients with writers cramp
underwent rTMS focused on the contralateral primary
somatosensory cortex of the hand (510 as part of a sham-
controlled, single-blind study. High-frequency 1TMS
of the SI cortex had previously been used on healthy
subjects, in whom an increase in cortical activation was
abserved (Pleger et al. 2008; Tegenthoff ef al. 2005). We
chose low-frequency (1 Hz) r'TMS for its known inter-
ference with tactile discrimination (Knecht et al. 2003,
Satow et al. 2003) and for its assumed interaction with
inhibitory mechanisms observed in healthy subjects
(Ogawa et al. 2004). It has also been shown, that low-
frequency rTMS may affect somatosensory integration
in patients with writer'’s cramp. After 1Hz exposure
aof the SI cortex there was a reduction of short-latency
afferent inhibition not seen after rTMS of the primary
motor cortex (Baumer ef al. 2007).

Besides the clinical effects, we searched for any
functional changes in the cerebral cortex that may have
occurred from applying the 30-minute sessions of ITMS
over a 5 day period. For this purpose, event-related
functional magnetic resonance imaging (fMEI) was
employed during the execution of a simple movement
- closing and opening of the palm of the affected hand.
For better understanding of the 1TMS-related effects on
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sommatosensory circuits, the movement was executed
actively and passively. Active and passive movements
are known to be accompanied by activation of similar
cortical areas even if those are controlled by different
mechanisms (Dinomais ef al. 2009; Guzzetta et al. 2007,
Mima et al. 1999; Reddy et al. 2001; Weiller et al. 1996).
While active movement has to be planned, controlled,
execited and perceived; passive movement is associ-
ated primarily with kinesthetic perception and volun-
tary muscle relaxation. In our assumption, if the motor
systemn function isinfluenced by SIrTMS, MBI change
will be manifest exclusively in active movement task. On
the other hand, if ST rTMS mostly affects the kinesthetic
perception, we should notice similar fMRI changes in
the execution of active and passive movements because
proprioceptive feedback is common to both types of
movement. Assuming that 81 rTMS interferes with the
clinical manifestation of dystonia, i.e. with functional
medulation of metor circuits, we predict to see more
pronounced rTMS-related changes in fRI with active
movement rather than with passive movement task.

MATERIAL AND METHODS

Fifteen patients with writers cramp in the right hand
participated in two experimental protocols (piot study
andfor advanced study). Nine patients (all women)
of mean age 42.5+(5D) 9 years were enrolled in the
pilot study. The advanced study comprised 11 patients
(8 women, 3 men; mean age 40.3x3 years), five of

TS of the S improves writer's cramp

whom had taken part in the pilot study (Table 1), All
patients were right-handed, and their hand dysto-
nia had first occurred between 2 and 11 years before
entering the study. Four patients in the pilot study and
five patients in the advanced shudy had cramps which
were manifested only during writing (simple dystonial,
while the others were affected during other hand mowve-
ments as well (complex dystonia). Four patients in bath
studies had already been treated with botulinum toxin
in the past, the last injection having been received at
least four months prior to the study. Mo dinical effect
of botulinum toxin was detectable in any of the patients
during enmllment. Only patients with adult-onset
dystonia were enrolled and all were otherwise healthy.
All confirmed their participation in the study by sign-
ing their informed consent. The study received the
approval of the local ethics committee.

Design of the study

Each patient completed two four-week treatment
blocks - one with real-rTMS, the other with sham-
rTMS, in random order. Each (real- or sham)-rTMS
lasted 30 minutes and was administered every day for
the first five consecutive days of each block. In order
to minimize the effect of placebo, all patients were
informed that both would be therapeutical blocks dif-
fering only in technical details. The severity of dysto-
nia was assessed subjectively and objectively before
the first {real- or sham)-rTMS block (day 0, visit V1),
after its termination (day 5, visit W2), and subsequently

Tak. 1. A group of 11 patients with writer's cramp enrclled in the Advanced studly.

real-rTMS sham-rTMS
SEW DEWQ SEW QEWQ

N MF age dur. type bte. ord. MT RN VZ W3 V4 VI W3 W4 VI VI V4 VI vi w4
1 F 53 3 5 n | 43 B 425 +25 +30 +#82 +33 425 425 +28 0 -17 0 -B
2 F 42 3 5oy 1 35 FE +50 450 +30 +25 0 417 0 =25 -25 0 0 -8
3 F 43 B c w2 4 B 425 425 0 450 450 425 0 0 1] 0 4 -5
4 F @B/on o yis 1 34 B 475 +25 0 458 +58 450 425 +25 0 417 +8 4
5 F 42 1M« n | 35 R 425 +25 +25 + 0 425 0 0 o -5 -33 -4
& F 47 5 n 2 EH R 425 450 +25 425 +25 417 0 o o 4 & -8
7 F 38 [= n 24 R 425 +25 +25 433 +17 425 0 0 0 1] 4] 4]

3 F 51 sy 2 39 H 0 0 0 425 +25 +33 0 o 0 -17 25 -5
] M 5FOOm o« n | 47 R 425 +25 +25 433 +8 433 0 0 0 1] 4] ]

m MW 58 & [ n 2 43 R 425 +25 +25 417 +17 -8 0 0 0 1] o -7
n M4 4 5 n 1 42 R 425 +25 +25 425 +25 425 0 25 o0 17 -8 -7

SEW - subjective effect of (TMS on writing (%), OEW - cbjective effect of rTMS on writing quality (%);V2, V3, W4 - state at end of real- or
sham-rTM5 (visit V2 at a week aftereards (visit V31, at another two wesks (visit V41 in comparison with state prior real- sham-rTMS (visit
W11 MF - male/female; dur. - duration of writa r's cramp (yrs); typs - type of writar's cram pe simplefcom plex; b - previous traatment with
batulinum toxin: yesino - if yes, pericd of time from last injection in renths; MT - motor threshold (% of masimal cutput of stimulator);

R¢M - respardennon-respondear
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one week (day 14, visit V3) and three weeks (day 28
visit V4] after the end of the treatment block. Patients
were then re-tested before and after the second (real-
or sham)-r'TMS block in the same intervals as in the
first treatment block (repeated visits V1, W2, V3, V4).
Continuing in the 5&'(0]1\5 block was conditional upon a
phone call inwhich each patient reported the ineffective-
ness or extinction of the effect of the first rTMS block.

The hot-spot coil position was defined in two ways
i for more detail see rTMS procedure):

In the pilot study, the 51 cortex of each patient was
visualized using fMRL The coil was then navigated on
the local maximum of the activated cluster within the SI
cortex: contralateral to the affected hand.

In the advanced study, the coil position was deter-
mined using the results of the pilot study. The position
was calcuwlated by averaging the normalized coordinates
of the coil positions obtained from patients-responders,
ie., only from those who manifested clinical improve-
ment in the pilor study. Rated as responders were
patients showing post-real-rTMS subjective as well as
objective improvement of writer’s cramp of at least 25%
while their dystonia changed only little or not at all
after sham-rTMS. Four fMRI sessions were held in the
advanced study: betore and after real-rTMS and before
and after sham-rTMS.

Clinical assessment
The severity of writer’s cramp was evaluated during all
eight visits. For objective assessiment, the Burke-Fahn-
Marsden dystonia scale (BFMDS) and the 20M-Writing
test in which transcribing a text within a 2-minute time
limit were used. For subjective assessment, self-evalua-
tion of hand function (HF) and pain intensity (P1) using
visual analogue scales were employed. The subjective
effect of treatment on writing (SEW) and the objective
effect of treatment on writing quality (OEWGQ) were
assessed during visits V2, V3 and V4, after real- or
sharn-rTMS. While the SEW was rated by the patients
themselves, OEW was assessed by three independent
blinded raters (ER., PI. and S.H.). While objective
measures for evaluation of writing is difficult to define,
qualitative change in tidiness of writing {improvement
or worsening) of the same subject is easier to recognize.
To avoid bias, the raters were instructed to assess a
change in quality of writing without knowledge of rTMS
state (real or sham). A semi-quantitative scale was used
for SEW and OEWQ) rating (maximal (+100%), large
(+75%) , moderate (+50%) or mild (+25%) improve-
ment; no change (0%); mild (-2 5%), moderate {-50%),
large (-75%) or maximal (100%) worsening) against the
state before real- or sham-rTMS at visit V1. Agreement
among raters was calcwlated by Spearman’s correlation
analysis. For subsequent evaluation we used the average
OFEW scores from all three raters.

The clinical data was evaluated using SPSS 11.5
software (SPSS Inc., Chicage, IL). While the results of
the pifot study were assessed with descriptive statistics

only, those of the adwanced study were tested for nor-
mality of distribution and then rated with nonparamet-
ric tests. Each of the subjective and objective clinical
meastires was tested with the Fridman test for all visits,
for the effect of order and for either of the two 1TMS
techniques (real- or sham-) corrected for muliple com-
parisons (Bonferroni). Significant results were further
analyzed post hoc with the Wilcoxon signed ranks test,
in which each parameter was cornpared relative to real-
and sham-rTMS for each visit separately (eg. SEW
(visit V2) after real-1TMS was compared with the SEW
(visit W2} after sham-rTMS).

1TMS procedure

rTMS was performed using a figure-eight 70-mm air-
cooled double coil attached to a Magstim Rapid stimu-
lator (Magstim, Whitland, UEK). Biphasic stimulation
was used ata frequency of 1 Hz and at 90% intensity of
the active motor threshold. The threshold was based on
the intensity of motor cortex stimulation during 300
isometric contraction of the abductor pollicis brevis
mitscle, in which only 50% of the motor responses
reached an amplitude of 150pV. Over the five-day
block, a total of 9000 stimuli were delivered (each day a
series of 1800 stiruli were applied within a 30-minute
period). The position of the coil was reached with the
frameless stereotaxy navigation systern Brainsight
iMagstim, Whitland, UK using the co-registered f5RI
restults obtained prior to rTMS. For real-1TMS, the coil
was positioned tangentially to the skull surface with its
handle directed posteriorly. For sham-rTMS, the coil
was tilted by 90 degrees, and the rest of the stimulation
parameters being identical. Throughout real- or sham-
rTM S, the coil was firmly fived in the required position
using a gripping arm.

In the pilot study, the coil was focused on the SI
cortex contralateral to the affected hand with the hot-
spot placed above the postcentral sulcus or posterior
bank of the postcentral gyrus near the local maximum
of the activated cluster of each individual fMRI elicited
by passive hand movements.

In the advanced study, a relatively identical position
of the coil was used in all patients. The position was
defined in a standardized stereotactic space { Montreal
Mewrological Institute) by means of averaging the nor-
malized coordinates of the positions of the coil hot-spot
in the responders from the pilor study. The averaged
position was then transformed through reverse nor-
malization back into the native space of each patient
enrolled in the advanced study. The SPMS5 software
iThe Wellcome Department of Imaging, London, UE)
was employed for forward and reverse normalization
procedures.

MR procedure

During fMREI, each patient performed a simple move-
ment with the fingers of the right (dystonic) hand. The
active movement task required voluntary flexion and
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extension of the 204-5th fingers in the metacarpopha-
langeal and proximal interphalangeal joints. During the
six-minute task, each subject was instructed to execute
about ten such motions, each lasting approximately
5 seconds, and to avoid counting the movements per-
formed or the intervals between them. The motion
during the passive movement task was performed in the
same rmanner as in the active movement task except that
the subject’s hand was moved passively by the investiga-
tor. In the resting phase, the irvestigator held the sub-
jects fingers mildly semiflexed. Each subject was asked
to keep the hand relaxed throughout the investigation
without assisting or hampering the execution of the
movements. To standardize the procedure, all of the
passive movements were executed by the same investi-
gator wearing a rubber glove. The investigator watched
for any muscle tone variation caused by voluntary co-
activation or passive resistance from insufficient muscle
relaxation. Since great emphasis was laid on practicing
relaxation in the training phase, the investigator never
noticed any voluntary or dystonic contraction of the
hand mus':‘[es during fMRI.

The investigation was made with a 1.5T MR Sie-
mens Symphony scanner (Erlangen, Germany). The
blood oxygenation-level dependent (BOLD) signal was
detected using gradient echo-planar T2*-weighted
sequence of the following parameters: TR=2900ms;
TE=S6ms; FA=%0deg. During each fMRI session,
lasting & minutes and 11 seconds, 128 dynamic scans
were abtained consisting of 27 axial slices 4-mm thicl.
For morphological imaging, a T1-weighted sequence
was added (TR=2140ms; TE=3.93ms; FA=15deg;
TI=1 100 ms) to obtain 160 axial 1.6-mm thick slices.

For exact hand movement detection, we developed
a method of video-monitoring using a digital video
camera (Canon MWV20i) linked to the fMRI scanner.
A detail of each subject’ right hand was taken during
each fMRI session. The video recording was synchro-
nized during the course of fMRI using a light emit-
ting diode (LED) placed in the camera visual field.
The video records were then analyzed using our own
software permitting antomatic LED flash detection as
well as timing for any videotaped event with a 40ms
time resolution. The beginning and the end of the hand
movement were detected visually by the investigator
during slowed-down frame-by-frame projection. This
procedure enabled us retrospectively to exclude any
incorrectly executed movements.

fMEI data preprocessing and statistical analysis
were made in the SPMS. The preprocessing irvolved
realignment of images distorted by motion artifacts,
slice-time correction, normalization into standard-
ized stereotactic space (Montreal MNeurological Insti-
tute), and isotropic smoothing with a 8-mim Gaussian
FWHM (full-width at half-maximum} filter. For stereo-
tactic navigation over the SI cortex, the source image
data for individual fMRI analysis of passive movement
was left in the native space.

TS of the 8 improves writer's cramp

Only active and passive movemnents lasting for
close to 5 seconds were selected for analysis. Hence,
there was no statistical difference in the average dura-
tion of the selected movements before and after rTMS.
The vectors containing the beginning and duration of
each single movement were subsequently convolved
with the expected haemodynamic response func-
tion as an input to the general linear model using an
event-related design. Four regressors of active move-
ments and four regressors of passive movements (ie.
one from each fMRI session) were used for individual
analyses. Random-effect analysis was employed for

oup results processing, in which contrasts between
the condition before real- or sham-rTMS (visit V1) and
after real- or sham-rTMS (visit V2) were calculated for
active and passive moverments separately. The results
of group analyses were at a threshold of p<0.001 level
of significance and corrected at non-isotropic adjusted
cluster-level.

Diynamic Causal modeling

Connectivity between active movement-related brain
regions was analyzed in an advanced shugdy using
Dynamic Causal Modeling (DCM). Whether or not
this connectivity could be changed by exposure to
rTMS was also analyzed. DCM analysis makes it pos-
sible to estimate intrinsic connectivity between brain
regions, the modulation of connectivity induced by
experimental conditions and the influence of direct
external input on regional brain activity (Friston et
al. 2003). Local cluster maxima of group-level fMRI
analysis showing the impact of real-1TMS on execu-
tion of active movement (ie. contrast: after vs. before
real-1TMS treatment) with a threshold of p<0.001 cor-
rected at cluster level were selected for DCM analysis.
To make the mode] as simple as possible, we chose from
armnong the four cerebral areas known to be involved in
movernent control or perception and to be anatomi-
cally interconnected. In the left hemisphere, we chose
the SI cortex {defined by the rTMS coil position), the
posterior parietal cortex (PPC), and the supplementary
motor area (SMA). In the right hemisphere, we chose
the SI cortex. The coordinates of those areas are given in
Table 3 and Figure 4. Cluster-specific time series were
extracted from each patient for each of the four fMRI
sessions at the uncorrected threshold of p<0.01. The
time series were the first eigenvariate from all woxels
within a 4-mm diameter centered on each position of
the above mentioned regions.

First, we defined the modsl which reflected the
brain areas behavior before exposure to rTMS. Using
Bayesian model selection, we selected the best from
amnong 11 models, which reflected various connections
between all four brain regions (Stephan e al. 2007).
The DCM module in SPMS was used for the Bayesian
model estimation and selection. All the tested models
are described in Figure 4. While model 1 made use of
reciprocal connections between the areas, each of the
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Tab. L. Advanced study: maan clinical resubts (£500 of subjective and objective parameters in 11 patients with writars cramp befors and
after real’shar-rTs.

real-rTMS sham-rTMS

Subjective measures p-valus Ll Vi Vi L] Ll Vi LE L]
SEW 105 H2O0TE"™ LT3 420015 +5(10 0i16) -2(8)
Funicticen of the hand (FH) M5 3702 4.4i2) 4.0(2) 1821 4.112) ENIN 3.8(2) 36(2)
Pain intensity (P1) n.s 2.9(3) 2.0i3) 123 2.103) 2&(3) 1525 2.4(2) 2.9(3)
Objective measures

QBN (-5 HAT014™ 423190 2401407 -6{12) -7 =13{14)
2M-Wiriting test .5 1 7058} 17470} 172{74) 18573 178473 178713 173(65) 174713
BFMDS n.s 2.00.2) 2.5(0.5) 2.510.5) 2.5(05) 2.8(1.2) 28(1.2) 2.801.2) 2712

SEW - Subjective Effect on Writing and CEWG - Objective Effect on Writing Cuality give per-cent rating at end of real- or sham-rTMS (V2),
ata week thereafter (V3), ard at another two weeks (V4) in comparison with the state before real- or sham-rTMS (V1). FH - Functicn of the
hand and Pl - Pain intensity in the hard are subjective visual analogue scales (0 - worst, 10 - best). 2M-Writing test - number of letters
written within 2 min. interval; BFMDS - Burke-Fahn-Ma sden dystonia scale; p - corrected significance level of Friedrman test; ** (p<001) -
significance level of Wilcoeon signed ranks test comparing corresponding visits beteesn real- ard sham-ITMS

Tab. 3. Advanced study: regions with significantly increased BOLD signal in patients with writer's cramp (N=%) exposad to real- orsham-
TS (p<0.001 corractad at non-isot opic adjusted cluster level) with the coil positioned on the left postcentral sulcus.

EBA b ¥ z k T B URCOTF.
hot spot of the coil:
laft posteentral sulbous 2.5 44 42 &l
raal-rTMS:
right hand active movemanit: after vs. before treatment
laft postcentral subus 2,57 -3 -4 &l 9 10.3 Qe
+ eft superior parietal lobule 7 }' 687
laft infarior parietal lobule ® 40 46 -2 42 J 6.5 G
laft precunaus 7 - 245 57 aa
rrdial frontal gyrus (SMA) » [ 4 -1 &8 173 B9 Q0007
right postoantral ayrus 31,2 26 -3 A 3842 9.4 e Lel]
right postoantral sulcus 2,57 46 -4 L8 “ 64 G
+ right suparicr paristal lobule 7 |l- 805
right inferior parietal kxbule 39,40 50 =58 40 -JI 1040 [ Lel]
right insula £ 18 & 40 89 Gt

right hand passive moverment: after vs. before treatment

laft superior parietal lobule 7 -3 -he &l 180 53 o
right superior parietal lobule 7 40 -i4 58 185 B2 i
sham-rTMS:

right hand active movemanit: aftar vs. before treatmenit

no activation

right hand passive movernent: after vs. before treatment

no activation

The table shows results ofthe contrast: after vs. before real-rTM5, ie. state after real-rTMS (visit V2) as compared to the state before real
TTM S (visit V1) for active and passive movements separately. Mo significant results were found for the contrast before v, after real-rTMS,
For sharm-rTM S treatment, i clustars have baen detected for any contrasts. ® - region usad for DCM analysis; BA - Brodmann area; x, v, -
coordinates in standardized steractactic space (Montreal Neurslogical Institute — MHI); k - cluster size; T - t-score, P uncorm. - uncarrectad
significance at voxel level
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other models preferred connections in a particular
direction. The general assumption was that the driving
inputs directly influenced the SMA (voluntary maove-
ment initiation) and the left 5I (performed movement
perception) in all the models.

In DCM analysis, we followed the conservative
mode]l comparison strategy (Penny et al. 2004). Evi-
dence for each model, based on Akaike’s and Bayes-
ian information criterion, was analyzed by Bayes
Factors (BF) for each pair of models and each patient
separately. BE is the ratio between the estimated evi-
dences of the two models and indicates which between
the two better explains the data. The best model was
finally chosen by using a Group Bayes Factor (GEF)
and Positive Evidence Ratio (PER). The GBF was com-
puted as a product of the individual Bayes factors. The
PER. counts the number of comparisons which the BF
passed the threshold for positive evidence for either of
the compared modsls.

During the second step, we analyzed the rTMS
modulatory effects at the group -level for the bestmadel
anly. The Wilcoxon signed ranks test was carried out
to compare individual intrinsic connections before and
after real-rTMS. The same procedure was applied to
analyze the effects related to sham-1TMS. These tests
were wsed separately for each connection. The results
were thresholded at the p<0.05 significance level with
correction (Bonferroni).

RESULTS
Pilot Study

On the day of visit V2, ie after the end of the Sth
series of real-rTMS, four of the nine patients noted a
sibjectively positive effect on writing (SEW). Subjec-
tive improvement was present in all four a week after
(V3), and in two of them for three weeks after real-
rTMS ended (V4). After sham-1TMS, only one patient
noted a mild deterioration in writing one week atter the
series (V3), while the rest reported no change in writ-
ing. The objective quality of writing (OEWQ) showed
clear improvement in response to real-rTMS in these
four responders. After sham-1TMS, the quality of writ-
ing showed no visible improvemnent.

The actual coil positions for each patient were plot-
ted in a standardized stereotactic space (Figure 1),
Unlike the non-responders, the coil hot-spot positions
of these four responders were remarkably close to each
aother. Their averaged position with coordinates x=—44,
y=—42, z=60 was then used for coil navigation in the
advanced study.

Advanced Study
Clinical results

Subjective parameters: The group of patients enrolled in
the advanced study exhibited significant SEW improve-
ment (}2=36, p<10-5 corrected) (Figure 2} which was
observed at every visit (V2, V3, V4) after exposure to

rTME of the 8 improves writer's cramp

real-1TMS. The best result was noted during visit V2
(an improvement of 30%x(SD)18%, variance 0-75%,
p<0.01) when 8 patients showed maximal effect.
Another patient reached maximum SEW improvement
during visit V3 and another one at V4. SEW was unaf-
fected in one patient.

Mone of the patients showed SEW worsening in
response to real-rTMS (Table 1 and 2), and there was
also no effect caused by the order of treatment blocks.
After sham-rTMS, only non-significant SEW changes
of SEW were noted. Hand function (HE) and its
pain intensity (PI) expressed by means of visual ana-
logue scales showed no ditferences between real- and
sham-1TMS.

Objective parameters: OEWQ improvement was noted
in all patients during every visit (V2,V3, V4)in response
to real-rTMS (2=44, p<10-¢ corrected). The best effect
was found at visit V2 (improvernent of 31% £ (SD)14%,
variance 8-58%, p<0.01), when 9 patients showed maxi-
rwm improvemnent (Table 1 and 2). Maximuwm OEWQ
improvement was seen in two patients at V4. Only one
patient experienced slight worsening after real rTMS
ivisit W4, 8% worsening) despite improvements seen
during two previous visits. Both sham-rTMS and the
order of treatment blocks resulted in only non-signif-
icant OEWO) changes. As follows from the inter-rater
variability analysis, the QEWOQ) parameter can be con-
sidered a reliable measure of tidy handwriting (corre-
lation ER. vs. PD.: p=i.62, p<10-5 correlation PI. vs.
S.H.: p=0.44, p<0.001; correlation ER. vs. 3.H.: p=0.35,
p<0.01). After real-rTMS, the largest number of letters
written (2M-Writing test) was noted during visit 4 in
9 out of 11 patients. After correction, however, no sta-
tistical significance was reached. In response to sham-
rTMS, the maximum nuwmber of written letters occurred

Fig. 1. Pilot study - positions of the coil hot-spot in 4 responders
with real-rTMS-related improvemant and in 5 patients with
nio effact. Onlythe responders had the hot-spat (yellow
dots) positioned over the posteantral sulcus (PO 5.0 In non-
responders, the hot-spot was entirely outside this area (red
dats). An averaged hot-spot position of responders from pilst
study has bean used for coil targeting in advanced study.
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Fig. 2. Improved quality of writing after real-rTMS of the prima ry somatosensory cortex in two responde s with writer's cram p in Advanced
study. The hardwriting of patiert 3 (kft colurnn) ard patient 4 (right column) before (TMS (V1) immediately after the last session of

M5 (V2), and one weak latar (V3]

during different visits (at V1 in 5 patients, ¥2in 1, V3 in
3and V4 in 2 patients).

The BFMDS score dropped in 5 out of 11 patients
after real-rTMS but after sham-rTMS remained unal-
tered in 10 of them. Nonetheless, the BFMDS change
was not significant.

MR results

Mine responders out of the 11 patients in the advanced
study were enrolled in the group-level fMRI analysis.
Patient 5, also a responder, had to be excluded for high
contunination with head motion artifacts. Patient 8
was withdrawn due to failure of subjective improwve-
ment, thus falling short of the criteria for responders.

Group-level fMRBI results showed that the active
movernents performed after the end of real-rTMS (visit
W2) were associated with greater activation in several
regions of both hernispheres as compared to the period
before rTMS (visit V1), in particular the left ST cortex
near the site of stimulation but also the SI cortex in the
right hemisphere (Table 3 and Figure 3). In response to
real-rTMS there was a bilateral BOLD signal increase
in the posterior parietal cortex, SMA and in the right
anterior insula. No rTMS-related hypoactivation was
noted in any area.

Real-rTMS effect on the cortex during passive move-
ment was manifested by bilateral BOLD signal increase
in a small part of the superior parietal lobule {Table
3 and Figure 3). Conversely, sham-1TMS caused no
change in cortical activation in either motor task.

DICM results

Pairwise Bayesian model comparisons of 11 models
shown in Figure 4 supggested model M& as the best
aption. This model which describes the behavior of the
activated brain areas before the rTMS was given showed
clear preference on the basis of parameter GBF in all
patients: M3 vs. M1 (GBE=107); M8 vs. M2 (GRF=107);
M2 vs. M3 (GEF=104), M& vs. M4 (GBF=»10%), Ma
vs. M5 (GBF=104); M8 vs. Mé& (GBE=10%); M8 vs.
M7 (GBE=104); M8 vs. M2 (GBF=10t); M8 vs. M1D
(GEF=100); M8 vs. M1l (GBE=102). With respect to
parameter PER, the M8 model was found to be more
advantageous than models M1-M7 in all nine patients
(PER. 9:0). The models M10 and M11 were better for
two patients (PER 7:2) and the model M9 was better in
one patient only (PER 8:1).

Statistical analysis of model M8 showed the modu-
latory effect of real-rTMS solely on connectivity from
the SMA to the left ST which, after exposure to real-
rTMS increased from (mean) 0.02+(5D)0.02s-1 o
0.06 £ 0.05s-1 {(£=2.3, p<0.05 corrected). In contrast, it
was found that sham-rTMS had no modulatory effect
on any of the connections.

DISCUSSION

Clinical effects

Real-rTMS of the contralateral SI cortex had a posi-
tive subjective and objective effect on the manifesta-
tions of writer’s cramp in four patients (out of nine)
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Fig. 4. Dynamic Causal Modeling in Adwnced study. In responders,
WMiodel Swas found as the bestamong 11 models. Connection
frorn the SMA to the left 5| corbex (i.e. area of stimulation)
became stronger after real-rTMS 10.06215000.05 5-1) as
comparad to state before (TS (00022002 51, p<0.05 corrected).
Oin the contrary, no changes in connectivity were notad after

Fig. 3. Advanced study - group-level analysis of real-rTMS effects sham-rTMS. 51 - primary s2nsory corte; PPC - posterior parietal
on exacution of active and passive movements in patients with cortex; SMA - supplementary motor area.
writers cramp (M=9). Figura reprasents increase of the BOLD
signal after rearTMS (visit V2) as compared to state before real-

TR (visit V1), Results are shown independently for active (red-
yellow scale) and passive (blue-green scale) moverrents. The

coil hot-spot has baen positionad in the relatively same location Like p]‘mr]]lam]ﬂgjm] studies, those with rTMS are
{postcentral sukous) in all patients {green star). Results are P . - I . -

carrected at non-isotropic adjusted custer-kvel (<000 1) and ll_mlted by the .p.l:].LE:bl'.'l effect arising from the expecta-
projected on the normalized brain image of patiert 1. tion of the positive impact of treatment. Alternation of

blocks of etfective and ineffective therapies is one way
of suppressing this phenomenon. However, patients
may still subconsciously expect one of the blocks to be
naturally ineffective. To avoid this, our patients were
in the pilot study and in ten of eleven in the advanced  not told that placebo treatment would be used in this
stdy. This improvement reached an average of 30%  study. Before the study was launched, they received
and was already noticeable, after the five-day block of  information that both blocks would be therapeuti-
real-rTMS and persisted for the next three weels. The  cally effective. With the exceptions of two patients, one
patients themselves rated the improvement after real  patient (8) who could feel no changes in either block
rTMS as either mild or moderate. As confirmed by all  and another (1) who showed partial improvement in
three blinded-raters, objective effect of yTMS on writ-  both blocks, the rest of the cohort experienced subjec-
ing quality (OEWQ) was noted in all advanced study  tive improvement exclusively after real rTMS. Similar
patients and lasted with the exception of one patient for  conclusions were reached by blinded raters: qualitative
three weeks (Table 1 and 2). improvernent of handwriting after real rTM S was noted
Other parameters appeared to be insufficiently sen-  in all patients whereas after sham rTMS improvement
sitive. Hand function and pain intensity expressed in -~ was seen in only one patient (4), who notably showed
visual analog scales showed non-significant improve-  even more improvement after real 1TMS. We thus
ment because of higher variability. The number of let-  believe that positive effects on SEW and OEW) in
ters written within two minutes or the BEMDS subscore  our study cannot be attributed to placebo effect or bias
(Burke et al. 1985) remained almost unchanged after  since, sham-rTMS produced no or minimal changes.
real- or sham-rTMS (Table 2). The result of the BMFDS Studies, in which real- and sham-rTMS alternate, are
sithscore analysis was not surprising as the scale is oo limited by the cross-over effect, whereby the therapeuti-
broad and is intended for rating generalized dystonia. cal block effects may persist into the subsequent sham-
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rTMSblock. Wetried to prevent this in two ways: firstly
by administering the blocks in reverse order so that
nearly half the patients were exposed to sham-rTMS
first. Statistical analysis failed to prove that the order of
the blocks would have significant effect on any clinical
pararneter. The second prevention was to continue with
the second block only after any possible dinical effects
of the previous block had disappeared. & period of 4-10
weeks had passed between the last visit of the first block
(W4 and the first visit of the second block (V'1). We con-
sidered this to be a sufficiently long interval taking into
account that the longest after-effect due to motor cortex
ITMS in Entjents with writer’s cramp lasted only a few
hours or days (Siebner et @l 1999). Moreover, as well as
a different rTMS target, there were differences in the
total dose of low-frequency rTMS pulses aplied. Each
patient received a dose five times higher in our study.
We expected that the more stimuli applied the greater
chance of inducing long-lasting plasticity changes in the
brain. This apparently holds true not only for rTMS.
Electric somatosensory stimulation of the muscles of
the forearm applied repeatedly for a period of ten days
also improved writer’s cramp for as long as three weeks
{Tinazzi et al. 2005).

Several other attempts to treat writers cramp using
ITMS have been made previously. Whereas low-fre-
quency rTMS of the motor cortex was accompanied by
termporary improvement in some patients with writer’s
cramp (Murase et al. 2005, Siebner et al. 1999), stimu-
lation of the premotor cortex produced rather incon-
sistent results. According to one study, rTMS of the
premotor cortex exceeded the clinical effects of motor
cortex stimulation (Murase et al. 2005), and accord-
ing to another (Siebner et @l 2003) no positive effect
was observed at all. As pointed by Hosono et al., these
varying effects may result from different frequencies
and phases (monophasic/biphasic) of 1'TMS used in the
previous studies (Hosono et al. 2008).

rTMS-related improvement in certain aspects of
writing as observed in our study supgests that mal-
adaptive plasticity of the sensorimotor system may be
temporarily overcome by forced reorganization of the
1 cortex. Accordingly, our clinical results further sup-
port the involvernent of the somatosensory cortex in
the pathophysiology of writer’s cramp which isin agree-
ment with many previous clinical and electrophysi-
ological observations, which suggested that dystonia is
alsoa sensory disorder (Hallett 1995) with dysfunction
of the peripheral and/or central somatosensory systems
{ Abbruzzese et al. 2001; Baumner et al. 2007; Berardelli et
al. 1998, Kanovsky 2002; Quartarone ef al. 2006; Tinazzi
et al. 2000; Tinazzi et @l 2003),

Importance of stimulation coil positioning

The pilot study revealed the critical importance of accu-
rate coil positioning above the S cortex. As is known
from our experience with TMS of the primary motor
cortex, even a slight displacement of the stimulation

coil can cause a dramatic decrease in the amplitude or
even loss of motor evoked potential. In the pilot study
it was necessary to navigate the coil on the SI cortex
of the contralateral dystonic hand. This was done using
fMRI with the L[assl'-'e movemnent task. Admittedly, the
SIoccupies arelatively large part of the cortex and, like
the primary motor cortex, has a clear somatotopic orga-
nization (Hlutik et al. 2001} and is organized into vari-
ous reception fields (Bara-Timenez ef al. 1998; Braun
@l 2003, Meunier et al. 2001). Evidently then, different
parts of the ST may respond to rTMS in different man-
ners. Therefore, we retrospectively evaluated the nor-
mialized positions of the coil hot-spot for all patients
involved in the pilot study. After their simultaneous
vistalization (Figure 1), we noticed that an almost
identical position of the coil had been reached in four
responders along the postcentral sulcus. Conversely,
the coil was positioned in different locations in five
non-responders.

Consequently, a narrow strip of the SI cortex along
the postcentral sulcus seemed to be the optimal target
for rTMS. This proved to be the correct assumption.
Targeting the coil hot-spot at exactly the postcentral
sulcus, ie., relatively the same place in the brain for all
of the patients, accounted for substantially better clini-
cal results in the advanced study. Since TMS induces
currents in a plane paralle] to the coil (Rothwell 1997),
it is likely that the cortex deep inside the sulcus was
exposed to stimulation. This includes the Brodmann
area (BA) 2 constituting the anterior wall of the poste-
rior sulcus, as well as BA 40 forming its posterior wall.
While the BA 2 is still a part of the SI cortex, the BA
40 belongs to the parietal association cortex. As known
from animal studies, the BA 2 combines information
on finger position with tactile somesthetic information
(Kaas 2004 ) and receives complex projections from skin
receptors and muscle spindles {Pons & Kaas 1986). The
BA 40 adjoining the postcentral sulcus participates in
somatosensory discrimination by providing a mental
model of the extremity function {(Eaas 2004) and having
connections with the BA 2 as well as with the motor and
premotor cortices (Pons & Kaas 1936).

rTMS-induced cortical activation

Clinical improvement of writer’s cramp paralleled func-
tional reorganization of several cortical regions in both
hemispheres. As follows from comparison between
fMRI performed before and after the end of the five-day
series of real-1TMS, there was an activation in the bilat-
eral SI cortex including the adjacent posterior parietal
cortex (PPC), in the supplementary motor area (SMA)
and in the right insula. In addition, one cluster of acti-
vation in the contralateral postcentral sulcus (S cortex)
was localized close to the hot-spot of the coil (Figure 3).
All these changes were seen in the adwanced study
responders, and solely during the active movement task
(Table 3). In contrast, no cortical activity changes were
found after sham-rTMS. The increased activity in the
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sornatosensory and in adjacent areas is likely to have
been directly related to the effects of real-1TMS and
thereby to writer's cramp improvement.

Focal dystonia may develop in predisposed individu-
als by “overlearning” the repetitive complex movernent.
This may lead to 51 cortex enlargement and maladap-
tive reorganization accompanied by aberrant behav-
ior of the motor cortex and subsequently by clinical
manifestation of dystonia (Byl 2007; Guehl et al. 2009,
Melson et al. 2009; Sanger & Merzenich 2000). How-
ever, enlargement and hyperactivation of the primary
sensorimotor cortex is also seen in long-term motor
learning which does not lead to dystonia (Floyer-Lea &
Matthews 2005; Karni ef al. 1995 Rioult-Pedotti et al.
1998). In these cases, the primary sensorimotor cortex
is also subject to functional recrganization resulting in
functional integration of the new complex movement
in already existing motor patterns. In this process, the
areas of perception grow in size, differentiating better
and overlapping less, leading to their more specialized
interaction with the motor cortex and more accurate
movement execution. From this perspective, any plas-
tic reorganization of the 51 cortex — positive as well as
maladaptive - may be conditional upon its enlargement
and increased activation. Our results are in agreement
with this concept. Presumably enough, long-term
repetitive exposure by 1TMS may have been another
way of inducing plastic recrganization of the 51 cortex
as manifested by the local BOLD signal enhancement
and improved writing.

As documentad by previous studies, the SI cortex
can be greatly influenced by rTMS. The SI cortex of
patients with writers cramp manifested plastic changes
in response to low-frequency (1Hz) rTMS by increas-
ing its excitability due to reduced short-latency affer-
ent inhibition (Baumer et al. 2007). In healthy subjects,
increased S cortex excitability was observed with high-
frequency rTMS (Ragert et al. 2004) accompanied by
local hyperactivation in fMRI (Tegenthoff ef @l 2005)
and by improved tactile discrimination (Pleger et al.
2006, Ragert et al. 2003).

As expected, TTMS in our study influenced the SI
cortex activity during active and passive movements
in different ways. While 1TMS produced wide cortical
activations during active movements we noticed only
limited rTMS-related enhancement found in a small
portion of PPC during passive movemnents (Figure ).
This then means that the effect on the SI cortex was
related to more than just proprioception, otherwise,
rTMS would have produced a similar fMEBI pattern
regardless of whether the movemnent was active or pas-
sive since the process of proprioce ption is common for
both types of movement { Mima et al. 1999; Reddy et al.
2001; Weiller et al. 1996). We considered this finding as
one of the main results of our study, suggesting that SI
rTMS selectively influences somatosensory processing
especially in relation to active motion control and not
just to mechanisms of kinesthetic perception. This is

TS of the 8 improves writer's cramp

perhaps possible due to rich cortico-cortical connec-
tions arising from the ST and represents the main input
into the primary motor cortex (Asanuma f al. 1968),

Unlike our study, authors of previous PET and fMRI
studies focused mainly on differences between patients
with writer’s cramp and healthy controls. They reported
variable findings concerning the 51 cortex and some of
them evaluated the ST area together with the primary
motor cortex because of poor spatial resolution. Dis-
placement of the reception fields of the dystonic hand
on the 81 cortex { Butterworth et af. 2003) and abnormal
SI activation dependence on the intensity of sormato-
sensory stimulation were observed (Sanger et al. 2002).
The average intensity of SI activation was either reduced
(Termpel & Perlmutter 1993) or the same as in healthy
stbjects (Peller ef @, 2006). On voluntary contraction of
the muscles of the forearm the level of SI activation was
significantly lower in patients with writers cramp than
in the controls (Tbanez et al 1999; Islam et af. 200% Oga
et al. 2002). In contrast, writing was accompanied by
a distinct increase in SI activation (Ceballos-Baumann
et al. 1997; Hu et al. 2008) which was positively cor-
related with the duration of the task (Lerner e al. 2004;
Odergren et al. 1998). It has then been suggested that
for patients with writer’s cramp, increased 5I activation
is mostly related to situations provoking dystonia. Con-
versely, other authors found no such STactivityincrease
in patients during writing (Ibanez et al. 1999; Preibisch
et al. 2001).

In our study, real-rTM 5 was found to lead not only to
local BOLD signal changes in the SI cortex close to the
coil hot-spot but also to hyperactivation of a number of
cortical areas. This supports the idea that rTMS effects
were spreading from the SI cortex to remote corti-
cal regions. Apart from increased SI cortex activation
contralateral to the dystonic hand, we observed 1TMS-
induced co-activation of the neighbouring PPC and
mirror areas in the ipsilateral hemisphere. This was not
surprising because there are rich cortico-cortical and
transcallosal connections (Killackey et al. 1983; Pons &
Faas 1986). The PPC is part of the somatosensory asso-
ciation cortex participating in the integration and com-
prehensive processing of somesthetic stimuli {Knecht
ef al. 1998). Its aberrant involvement in writer’s cramp
wasreported previously (Butterworth et al. 2003).

Cortical areas co-activated after real-tTMS are
known to be anatomically interconnected. We stud-
ied the relevance of those connections using the DCM
(Friston et al 2003). As previously confirmed by
DCM analysis, the primary motor cortex is strongly
influenced by the SI cortex (Pleger et ol 2006) and
SMA (Kasess ef al. 2008). In owr study we tested 11
maodels with connections between four activated corti-
cal regions belonging to the sensorimotor systemn. As
we found out, the behavior of those areas before the
beginning of rTMS could best be explained by model
8 suggesting forward connection pointing from 51 to
PPC and from 51 to the contralateral SI, and containing
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reciprocal connection between SI and SMA (Figure 4).
Consequently, in patients with writer’s cramp, the SI
cortex modulates ipsilateral PPC, SMA and the con-
tralateral 51 cortex while being itself under SMA con-
trol. As expected, rTMS improved not only the clinical
manifestations of writer’s cramp but also changed the
functional connectivity of model 8.

After real-1TMS we observed enhancement of con-
nections projecting from the SMA to the left ST cortex
whereas in response to sham-1TMS no functional con-
nections were modulated (Figure 4). SI r'TMS-related
strengthening of functional connectivity from the SMA
implies that the 5I cortex was maore influenced by the
SMA, which may explain some of the therapeutic mech-
anisms of the treatment suggesting better voluntary
control of ongoing movernents. The SMA is involved
in the preparation of self-initiated voluntary motion
(Deiber et al. 1999) and in correct sequential move-
ment timing (Tanji 2001). Its function is associated
with motor learning and apparently with the cognitive
control of movemnent (Machev et al. 2008), In addition,
the SMA probably participates in the development of
dystonia. It is not understood what kind of mechanism
is involved (Guehl et al. 2009). Regardless of whether
or not the task may trigger the dystonic cramp, the
SMA is usually hypoactivated in focal dystonia patients
i Ceballos-Bauwrnann et al. 1995; Islam et al. 2009; Lerner
et al. 2004; Oga ef al. 2002). SMA hyperactivation was
only noted after local botulotoxin injections to dystonic
muscles {Ceballos-Baumann et al. 1997). As electro-
physiclogical recordings in animal models of dystonia
showed, the receptive fields of SMA proprioceptive
newrcns are abnormally enlarged (Cuny a ol 2008),
meaning that the ShA in dystonia undergoes changes
similar to those in the SI cortex.

Apart from voluntary movement preparation, the
SMA is also involved in the suppression of movements.
This may be essential for understating our results. The
inhibitory effects of the SMA on primary sensorimotor
cortex has been repeatedly demonstrated by imaging
studies on healthy subjects with stop-inhibition task
iTaffard et @l. 2008}, imaginary movements (Kasess et
al. 2008) or sensory modulation of passive and active
movernents (Dinomais et al. 2009). Owr finding of
rTMS-related strengthening of functional connection
pointing from the SMA to 5L as suggested by model
8, is in accordance with this. Clinical improvernent in
our patients with writer’s cramp then may have related
to the SMA exerting its inhibitory effect on the senso-
rimotor cortex by suppressing overflow and genesis of
unwanted aberrant movements.

In our study, 1TMS-related activation was seen even
in distant areas such as the anterior insular cortex,
whose activation had previously been noted in patients
with writer’s cramp when compared to healthy subjects
(Hu et al. 2006; Lerner et al. 2004; Peller et al. 2008).
This may be related to involvernent on the nociceptive
mechanisms which also belong to the somatosensory

system (Treede et al. 1999). It may also reflect a re-rep-
resentation of awareness of body movement because the
insular cortex probably holds a somatotopic representa-
tion of the subjective feelings of performed movements
and is involved in feelings of body ownership (Craig
200%9; Tsakiris et al. 2007). This may suggest that the
SI rTMS-related hyperactivation in the anterior insu-
lar cortex as seen in our study was related to a change
in subjective feeling or to improved discomfort in the
hand during writing.

CONCLUSIONS

We found that 30-minute low-frequency rTMS applied
for five consecutive days to the contralateral 51 cortex
of patients with writers cramp had favorable thera-
peutic effects. Subjective improvement of dystonia was
abserved in ten out of eleven patients of the advanced
study. All of them showed improvemnent in quality of
writing lasting, like the subjective effect, several weeks.
Conversely, no clinical improvement was noted after
sham-rTMS. The piot study highlighted the critical
importance of accurate 1TMS coil positioning over the
selected portion of the SI cortex. & narrow strip along
the postcentral sulcus was shown to be the optimal site
for therapeutic stimulation. Apart from the clinical
improvement, ST rTMS induced extensive functional
reorganization of the cerebral cortex was reflected in
BOLD signal increase in somatosensory areas of both
hemispheres. All this suggests new options for treat-
ment and, like in previous findings, supports the rel-
evance of the sensory system in the pathogenesis of
focal dystonia.
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Beneficial Effect of Deep Brain Stimulation
of GPFi in a Patient with Dystonia-Dealness
Phen oty pe

Video (<

We present the find case of the suoceninl reament of dyso-
niz-dealness syndrome by desp bran simulation (DBS) of
the glhbus pallides imema (GPiL

The cmte concerns a 3kyear-old male patient who had a
negative family higery of dystona or hesring logs. Al shout
3 years of age, he was fomd to have 3 severe s menne
nal hearing impatrment, which remained stable umil the ape
of 24. At that tme, the patient noticed oosadonal involmiary
twisting of his hesd toward left. The hearing impadrment pro-
pressed to folal deafness. Notably, there wat no previom es-
posune fo nenroleplics mil 28 yesrs of ape, when he had &
paychotic episode with paraneid deludons. The desfness and
sevene inmeal and cervical dystonia sccompaniad by dysphe-
iz and sevene dysanibris forther predom nated in the clinical
picture. Visnal evoked polentials werne significantly prolongesd
hilaterally. The ophthalmologic exsminstion snd magnetic
resonance imaging of the bran were nommal. Mearopgycho
logcal tests revealad no cognitive defict.

By clinjcal examinstion and geostic teding, we miled ot
the DYT1, FEAN, Wilson diiese, spnocenshellar stanias, o
well & rare syndromes of deafness with generaltzed dystonia
A comorbidity of primary speradic non-DYT1 dystonia com-
pomnded by desfness due do oher cames appeared rather
apeculative. Fnally, severe sensorinewonsl hesring digorder
from early childhood followed by generalized dystonia devel-
aping in exly sdulthood made us the dystomnia-deaf-
ness  (Mohr-Tranehjerg)  syndrome  Several  additional
sympioms such & history of behavioral disorder and subelin-
ical mnvalvement of the visnal sysem supponied his disgnosis
Even i genetic testing showed no evidence of mutstion®™
(lrammwshift, deletion, stop, missense, splice-sile, o inkonic
mudation) of the gene TIMMEA/DIFL a novel mutstion
could nd be excloded. Therefone, we still helieve that the
present came i the dysionia-deslnes syndnome.

The patient received repested local injectons of beulinuwm
toxin mio dysionic neck mumscles with enly partial relief. Cral
treatmenis by biperdens, tapride, smanisdine, amd cloname-
pamm were subsequently given with no or minor improvement.
At the age of 29, his cervical and truncal dystonia further
progresed with dystenic mvolvement spreading o his lower
exiremities Extreme retrocolli soon lad fo compromsed res-
piration forcing e patient (o skeep in 2 semdrecumbent posi-
tion. After the faled use of all available phermscological
treatment, we resoried to GPi DBS & to the ulitmate option.
The patient then had the electrodes {Maodel 3389, Medironc,
Minnespalis, MN) mmplanied into the posteroventral portion
of the GP lserally. The coordinstes of the disal (sctive)
coniacs wene &% follows: 1% mm lsteral Trom the mddline in

Adduioral Sepporting hiomatson may be oomd @ ge online
version of this andche.

Published omline @ [hecember 3ME in Wiley InterScience
(owwinterscincewileycoml DeOL 1O I0OEmMds EXRIT

it}

BFMDE maodar score
& - =— mpanison
e e
DES voltage

000 153 300 25D 30 30 M0 &S0 57

iy
FIG 1. Chirocal snpeo vement @ o paitent with the dystondo-deafness
prenctype & documented by o gradmal decrense of the B DE-mosor
scom (chosed arndes) i lowing bilateral GF DRES. To find opgmal pa-
ameas of nercamaldon, e vokige (opem damonds) was grade-
ally mcresed o 1.5W with the pulie dorasion @50 ps) md freguency
{1 30Hz} beimg comstan?. As a result of the slow stan of the chindcal
it g opSmmm was renched 10 mondkes affer enplandstion.

the left and 21-mm latersl in the rAght hemisphenes; 3 5-mm
hellow the level of the imencommiisural line in the kit and
2 5mm bellvw this e in the rght bemipherne; and 3-mm
anerior ti ils middle on both ddes. A Kinetra neunostmuls-
tor wist implanted mnto the subclavicular region.

Like in other generalmed dysionias, the antidysionic effect
of GP DHES began to show gradually over a cowrse of sev-
eral months (Fig. 1) Madmum improvement was expresed
by & 5% decreste in the motor score of the Burke-Fshn-
Mursden seale (BEMDS)® which was resched 10 months af-
fer surpery. This & comparshle with the effecs of GP DBES
crmmonly deen o patent with DYT1-positive primary dys-
fonis” There was marked abstement of cervical and truncal
dystonia s well as mprovement of gaif (see video) Swal-
bwing and spesch showed only litde improvement. The
hearing loss nemssined mchanged as expecied.

A our experienos suggeds, bilsteral (P DBS can be 2 snia-
e symplomatic therapy in patients with the dyssonts-desfnes
phenotype. Mow, 21 months after the implantstion, the patient &
experiencing the sahle clnical effects of neurost i tstion.

LEGENDS TO THE VIDEQ

Segment 1. Before the implantstion of DBS electrodes:
severe cervical and truncal dystonts, mpaiment of gait
L (me month after the mmplantstion, a day
helome the start of the chrome Gpd DBS: same elinical moture
i el B
Segment 3. Three monihe after the mplanstion: cervical
and iruncal dystoma shows mmprovesent.
Begmend 4. Ten months after the dmplantstion: minor cer-
vical dystonia, gait meskedly inproved.
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Cervical Dystonia Presenting as a Phenocopy
in an Irish SCA2 Family

Spinocerchellar ataxia type 2 (SCAZ) is an autosomal domi-
nant newrodeg enerative disorder caused by an unstable CAG
repeat in the atdn-2 gene on chromosome 12q.!

Ataxia is almost invariable and may he accompanised by
pyramidal and extrapyramidal signs, peripheral newrnopathy,
and oculomotor abnormalities. Cervical dystonia has heen
described in SCALY 3% and 6% as well as in genetically
undetermined cases® Recently a number of mepors have
described the association of SCA? with cervical dystonia ™
In a series of 11 patients with SCAZ and cervical dystonia,
seven had an isolated laterocoliz and in one case dystonia
procedad the onset of ataxia by 3 years,

Published online 11 December 2008 in Wiley InterScience
{wwrw interscience. wiley com). DO 10,1002 mds 22387

Movemem Disorders, Vol 24, No 5, JNR

Nommal SCA2 alleles contain between |4 and 31 CAG
repeats; the 22 repeat normal allele accounts for up to 86.4%
of alleles” Clinical signs compatible with SCA2 have been
described in a patient with 33 repeats'” We meport on an
Irish 8CAZ pedigree in which four members have varying
comhinations of adult onset dystonia and ataxia; one sibling
with cervical dystonia, originally presumed to have inherited
a pathogenic SCAZ2 allele, was later found to represent a dis-
ease phenocopy.

A muncabed pedigree drawing is provided in Figure 1. The
proband (I:9) iz a T4-year-old woman who meported the
gradual onset of shoulder pain and neck sfiffness at the age
af 57, There was no history of preceding trauma or newrole p-
tic exposure, At presentation, she had a moderate to severe
right laterocollis and a “no-no™ head tremor that prechded
MRI examination. Mo imb or laryngeal dystonia was identi-
fied, (Gait and saccadic eye movements were normal and
thene was no sensory newropathy or pyramidal signs, She has
been treated with botulinem toxin every 3 months with a
maderate response,

Baoth M:1 and M4 ane cousins of the proband cumently liv-
ing in the UK. They are both ataxic with onset afier 30 years
of age. The older of the pair, IL1, & now wheslchair bound.
I:5 s a T&-year-old woman who developad cervical dystonia
(laterocollis) of sudden onset af 40 years of age. At 69 years,
she reported deterioration of her gait with the need fo use a
atick due to imbalance, In the last decade, she has developad
a severely disabling spasmodic dysphonia {adductor type)
and writer's cramp of her right hand . Qlinically evident slow-
ing of saccadic eye movements was ohserved with a moder-
ate fruncal and limb ataxia, She has had a poor response o
hotulinum toxin treatment. 10 iz a 71 -year-old woman who
developad an nsidious onset of gait imbalance in her fourth
decade, She has required the assistance of a stick o walk
simce her late sixties. Since childheod she describes having
“poor writing” and cumently has evidenoe of a writer's
cramp on the right side as well a5 an adductor-type spas-
madic dysphonia since the age of 68 years. She has a moder-
ately sewere truncal ataxia, limb ataxia, and slow saccadic
eye movements on examination, Ankle jerks are absent and
there is distal loss of vibration sensation in fhe lower limbs,
Mo cervical dystonia is present. MRI brain showed moder-
ately severe cerehellar sirophy.

IL:1, M5, and IT: 10 wene found to have single pathaological
allelic expansions with 36, 34, and 35 CAG epeats nespac-
tively at the SCA2 locus on chromosome 12, Individual T4
alap had confirmed pathological SCAZ expansion althouwgh no
further details are available to us Gene sequencing on IT: 10
identified an unintermupted expansion suggesting a greater
possihility of instability of this region when transmitted
between generations, Analysis of the SCAZ gene in the pro-
hand, I1:9, swrprizingly revealed nommal alleles of 22 nepeats.
A further sample taken fior reanalysis confirmed the result, Tt
is therefore highly unlikely that she has inherited the SCAZ
genolype.

(Genetic testing for inheried newmological diseases has
hugely improved our ahility to provide pafients with a diag-
nosis and gemefic counselling. The ahility o test for known
mutations has also enabled the description of a more com-
plete phenotypic spectrum in some conditions, The pressnce
of phenoocopies within pedigrees is a well-known hazard of
linkage analysis and has the ability to confound genetic stud-
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with bromocriptine, Ouwr results are consistent with a previ-
ous study that also did not detect myocardial dysfunction
among patients treated with pergolide and cabergaline.” To
our best knowledge, no other zimilar sudy has been
performed.

Although assessment of LY longimdinal svstolic and dia-
stolic function has been widely wed o diagnose subdinical
diastolic LV dysfunction in various diseases assocated with
miyocardial fibrosis, it is recognized that a definite diagnosis
of myocardial fibrosis can only be made by histopathalogical
examnation of the myocardium,

We conclude that although bromocriptine use is associated
with an increased risk of developing valvular heart disease,*
hromocriptine does not have a detectable adverse impact on
miyocardial systolic and diastolic function.
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HEW TOPRPICS

D:rT 6—~A Novel THAP1 Mutation With
Excellent Effect on Pallidal DBS

DYTé 15 an early-onset dystonia caused by variable
mutations of the gene encoding the thamatos-associated pro-
tein {THAP1)." It usually stars in the cranial region or on the
upper extremities with subsequent generalization. It has been
reported that deep brain stimuladon of the internal globus
palliduzs {GPI-DBS) has moderate or unsatisfactory effectz in
these patienz. ™ We describe a novel mutation of the THAP1
gene in 2 siblings {a bov and a girl) with a rapid generaliza-
tion into a life-threatening stanes dystonicus {50 in the boy.
Unlike in the 7 previously reported patiens, ™ in his case, we
ol=erved excellent long-term effects from hilateral GPi-DBES,

We report an a Czech family with 2 affected members
with dystonia and 5 carriers in 2 preceding generations {Fig.
1). Asymptomatic mutaton was noted in the mother, 2
aunts, grandfather, and grandunde of the affected siblings.
A sequence analyss of genomic DNA from peripheral blood
leukocytes  revealed a pew  mutaton [NM_018105.2)
CHICHG in exon 2 of the THAPD gene in a heterozygote
state, leading to amino acid sulstimtion {p.Pro30Arg).

The girl, now 20 vears ald, started with writer's cramp in
her right hand when she was 135, Twao years later, she devel-
oped a slight dysarthria, and since the age of 18 she has suf-
fered from dizabling dystonia in the left hand Her acmual
clinical symptoms corresspond to mulifocal dystonia invole-
ing fingers, toes, and oromandibular musces (Burke Fahn
Marsden Divstonia motor score | BEMDS| = 8.

Her brother, now 14.35 years old, developed writer's
cramp at the age of & which gradually deteriorated into
severe generalized dystonia that lapsed into status dystoni-
cus (50 when he was 12 (BFMDS = 41). We have previ-
ouzly published details of the case {including video) as an
example of the excellent effect of GPi-DVBS in 51 occur-
ring in non-DYT1 dystonia (BFMDS = 3).* Subsequently,
30 monthe after the implantaton, with the DBS parame-
ters set on pulse duration 430 ps, frequency 130 Hz, am-
plitude left 1.6 ¥, and amplitude right 1.8 ¥V, cervical
dystonia suddenly reappeared becawse of repeated unpre-
dictable switching off of the left peurostimulator, probably
related to battery exhaustion. Soon  after DBS was
switched on  again, cervical dystonia  disappeared.
Recently, 2 Soletra stimulators were replaced by a rechar-
gable RO stimulator {Medtronic, Minneapolis, MN).
Awakening from propofol anesthesia was accompanied by
severe generalized dystonic jerks of the trunk and extrem-
ities resembling the original signs of S0 These symptoms
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FIG. 1. Pedigres o the DYTE allecied ndhvicdusls and relalives in he Czech famiy with the c83C=0G mutation (7 dencies nontested, cinically

asymplomats subjects polantialy al rak of having s mutation).

were suppressed within mimutes after restarting the DBS,
Mow 32 months after implantation, the patient is stable,
with only mild dystonia in his right hand and slight dys-
tonic dyzarthria (BFMDS = 6).

Since the discovery of the THAP1 mutation < 8900,
this iz the first documented case of excellent DBS effects in
a patient with DYTé and probably the first case of 5D in
DYT6. There may be a number of reasons why our patient
responded fairly better to GFi-DBS (98% improvement in
1 month, 83% 32 months after surgery) than the 3
patients of Groen er al® {33% mean improvement &
months after surgery) or the 2 patients treated by Zinel
et al* {mild o moderate improvement). Apart from differ-
ences in the dinical picture and in DBS parameters, this
may be because of the specfic THAP! mutation. THAP1
mutations are marked by considerable variability, Their
mumber iz steadily growing in 2009 the first 13 mutations
were reported, and by August 2010, another 25 new muta-
tions had bheen described (list of references limited). ™"
OF & DBS-weated DYTE patents, ours® is the only one
who has the mumtion in the first half of exon 2. Four
patients” have the mutation in the second half of exon 2, 2
patients* in exon 3, and 1 patient® in exon 1. We can
only speculate that each exon or iz part may influence dif-
feremt properties of the translation product, clinical mani-
festationsz, and perhaps also the patent’s response to DRES,
Therefore, patents with other THAP! muations may
improve after GPi-DBS to a similar extent as our patient
with S0, We thus believe that in advanced cases of DYTs,
deep brain stimulation of GPi should contnue being
regarded as a method of treatment,

Bobert Jech, MDD, PhD, ' * Martin Bared, MDD, Phi,*
Anma Kfepelova, MDD, PRD.* Dugan Urgesik, MDD, Phi, '
Petra Havrinkovi, MDD, and Evien RifiZka, MD, D&

! Department of Nesrology and Center of Clinical
Newroscience, First Faculty of Medicine, Charles
University in Prague, Czech Republic 2 General
University Hospital in Prague, Crech Republic;

*First Department of Newralagy, S1. Amne’s

Haspital, Faculty of Medicme, Masaryk University
Brno, Crach Republic; Ylnstitute of Biolagy and
Medical Genetics, Second Faculty of Medicine,

Charles University in Prague, Pragune, Credh
Republic: and *Department of Stereotactic and

Radiation Meuroswrgery, Na Homolce Hospital,
Prague, Czech Republic
*E-mail: jochiicesnat oz

References

1. Fuchs T, Gavarin 5, Saunders-Pullman R, et al Mutations in she
THAF1 gene are responsible for DYTH primary torsion dystonia.
Mar Gener 20084 1: 2 86-288.

2 Zimd 5 Mall CK, Biggemann N, et al. Clinical neurai ing and
electrophysiolgical assessment of three DYTS dystonia famibies.
Maov Disord 2000,25:2405-2412.

3. Groen JL, Riz K, Conmrno MF, et al DYTS dystonia: Mutation
screening, phenotype, and response to deep brain stimulation. Mov
Disord 2001025 242024217,

4. Juch R, Bares M, Urgosik 1, et al. Deep brain stimulation in acute
management status  dystmicus. Mov  Disord  20M:24:
2291-2292

i Van Gerpen JA, Ledoux M5 Waealek ZE. Adubonser kg dysonia
due to a missense magation in THAPL Mov Disord 2010:25:
1306=-1307.

6. Houlden H, 5%chnade 54, Paudel R, et al THAP] mutations
{DYT4] are an additional cause of early-omser dystonia. Neurology
20174 G- 50

7. Bremman 5B, Rayvmond 1, Fuchs T, Heiman GA, Owelim L],
Saunders-Pullman R. Mutations m THAFP] {DYTH} in CJ.IJ}'MSE‘I
dystonia: a genetic screening sudy. Lancet Meural 2008:8:
441445,

Caudate Glucose Hypometabolism in

a Subject Carrying an Unstable Allele

of Intermediate CAGaz Repeat Length
in the Huntington’s Disease Gene

Huntington's disease {HDY iz caused by an abnormal
CAG expanzion in the huntingtin (bt} gene. Current guide-
lines indicate that individuals with =36 CAG repeats will
inevitably develop HD, whereas thase with 27-35 CAG
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Abstract

OBJECTIVE: The pathophysiologic mechanisms of idiopathic tinnitus remain
unclear. Low frequency rTMS applied over the anditory cortex has been proposed
as a new and causally oriented treatment approach for pathological conditions
with abnormal, increased cortical activity including tinnitus with increased activ-
ity in the auditory cortex. However available studies are characterized by a positive
reports on the therapeutic effects of repetitive transcranial magmetic stimulation
(rTM S} for treatment of tinnitus, there are few details about the duration of spe-
cific treatment effects.

DES IGN: The design of the study was randomized, prospective, placebo-controlled.
Right-handed patients were treated with either real or sham 1 Hz frequency rTMS
over a period of two weeks. Fifty-two patients with chronic, treatment resistant
tinnitus and stable medication were enrolled in the study after giving written
informed consent and forty-two patients completed the study and were included
in data analysis.

RESULTS: The ability to reduce the symptoms of tinnitus appeared in both ran-
domized groups immediately after the 1 Hz rTMS and sham stimulation phase.
There was a significant reduction in both groups of the tinnitus total score on the
Tinnitus Handicap Inventory (THI) (real 1TMS p=0.005; sham rTMS p=0.049)
and Tinnitus Questionnaire (TQ) total score (real 1TMS p=0.003; sham 1TMS
p=0.049]. On the THI evaluation scale, in the real rTMS a mild worsening was
noted during week 6 in comparison with the state attained in week 2. During the
sibsequent course of the study a significant reduction of the total score persisted
in the case of THI (real rTMS week 14 p=0.033 and borderline week 26 p=0.058].

To cite this article: Neurcendocrine Lete 2000312 238-249
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The reduction of symptoms as evaluated using the TO)
was significant compared to baseline in the real rTMS
group at week 2, 6 and 14 (p=0.003; p=0.024; p=0.022.
The group treated with sham stimulation reached signif-
icant reduction of symptons only at week 2 (p=0.049).
A comparison of the difference in the recorded values of
the total score during follow-up in relation to baseline
expressed as a percentage demonstrates the difference
in the effect of rTMS and sham stimulation as evaluated
by both the basic scales. Graphical analysis of mean
patterns of treatment response according to stimulation
type shows a similarity between treatment response
patterns evaluated by reduction of the total scores using
THI and TQ.

CONCLUSIONS: The principal finding of this stady is
that real 1 Hz rTMS treatment was capable of signifi-
cantly reducing the total baseline score of basic scales
that reasure tinnitws severity. This result is important
as it proves that significant reduction of symptorms can
be achieved even in a group of patients with long-term
symptoms resistant to pharmacological treatment.

INTRODUCTION

Subjective tinnitus has been defined as a frequent
auditory sensation experienced in the absence of an
external or internal acoustic stimulus e.g. without any
corresponding mechanical, vibratory activity within
the cochlea (Sala 1997). Tinnitus affects about 10-15%
of the adult population (Demeester et al. 2007) and in
about 5% of cases, it has a significant impact on patient’s
lite, affecting sleep, concentration, emotional balance
and social life (Rizzardo et al. 1998; Langguth et al.
2007). It occurs more frequently in men than in women
and it is more frequent among Caucasians. The preva-
lence of this disorder increases with age. Almost 12% of
the population between the age of 65-74 years suffers
from chronic tinnitus.

Tinnitus is divided into a pulsatile and non-pulsatile
type. The pulsatile type has a mechanical cause, e.g.
A-V malformations, otitis media, partial stenosis of the
cervical artery, abnormalities of Eustachian tube size or
clonic contractions of the tensor veli palatini muscle. As
the underlying cause of this type of tinnitus is known,
it is usually amenable to treatment. This type is further
divided into a subjective and objective form. Objective
tinnitus can also be heard externally, while subjective
tinnitus is heard only by the patient. The non-pulsatile
type of tinnitus is cansed by disorders of the peripheral
or central anditory nervous system. It is abways subjec-
tive and is difficult to treat wsing currently available
therapeutic methods (Moell & Meyerhoff 2003). To date,
the etiology and pathophysiclogy of the various types of
tinnitus have not been cornprehensively clarified.

There is increasing evidence from electrophysiologi-
cal and functional neuroimaging studies that tinnitus
results from increased neuronal activity within central

auditory pathways (Moller 2003). It is presumed that
tinnitus may be the acoustic manifestation of pathologi-
cal neuroplastic processes within the brain that develop
as a response to abnormal conditions within the audi-
tory apparatus (Moller 2003). Electrophysiological
studies conducted in patients suffering from tinnitus
i Muhlnickel ef al. 1998; Langguth et al. 2005) as well as
data acquired from animal models (Kaltenbach 2000)
demonstrate an impairment of the excitation and inhi-
bition equilibrium within the central auditory cortex,
which leads to increased spontaneous activity and
structural recrganization.

Data collected to date work with the hypothesis that
excessive neuronal activity in both cortical and subcor-
tical auditory regions may cause phantom perception
of sound in the central nervous system (Arnold et al.
199¢6; Lockwood et al. 1998; Giraud ef al. 1999; Mirz et
al. 2000). Additional activation of non-auditory cere-
bral regions, such as the limbic system, indicates that
chronic tinnitus and chronic pain are associated at the
neuronal level. This potentially explains why tinnitus
catses its sufferers significant emotional discomfort.
This is why the investigation of other disorders involv-
ing similar neuroplastic changes such as eg. parallel
changes following amputation of a limb or experimen-
tal deafferentation is gaining in importance in the treat-
ment of tinnitus (Langguth ef al. 2005).

Recent neurcimaging studies point to a patho-
logically over-activated. distributed cortical network
involving the interior colliculus (Melcher et al. 2000),
the thalamus (Reyes et al. 2002) and the primary audi-
tory cortex CArnold ef al. 1996; Mirz et al. 1999; Lock-
wood et al. 1999). The pathophysiclogical importance
of this network has been demonstrated by transient
suppression of tinnitus after high frequency rTMS to
the temporopariental cortex (Plewnia et al. 2003, De
Ridder et al. 2005).

Analysis of available clinical studies shows that we
currently lack a well-established and fully efficient
treatnent leading to the long-term reduction of tin-
nitus. Experience is being sought using various proce-
dures and pharmacological interventions (Dobie 1999;
Talali et al. 2009; She et al. 2008).

Transcranial magnetic stimulation (TMS) is 2 nonin-
vasive means of inducing electric cwrrent in stimulated
brain regions. Repetitive e.g. oscillating transcranial
magnetic stimulation (rTMS) can induce alterations
of newronal activity that outlast the actual stimula-
tion period for a considerable amount of time. This
method has been experimentally tested in a range of
neurcpsychiatric disorders, especially in depression
alone or associated with a somatic comorbidity (Lang-
guth et @l 2005; Langguth et al. 2007). A subtype low-
frequency (=1Hz) rTMS is known to reduce neuronal
activity in directly stinwlated brain regions (Chen et al.
1997; Siebner et al. 2003) and in structurally connected
remote brain regions (May et al. 2007). Low frequency
rTM5 has been proposed as a new and causally oriented
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treatment approach for pathelogical conditions with
increased cortical activity (Hoffman & Cavus 2002),
including auditory hallucinations in schizophrenia
with increased activity in the anditory cortex (review
see Faman et al. 2008). Pased on the premise that mal-
adaptive cortical reorganization may promote tinnitus,
several investigators have studied the effect of slow
rTMS on tinnitus (Kleinjung et al. 2005; Plewnia et al.
2003; De Ridder et al. 2005) and they have shown that
low frequency rTMS applied over the auditory cortex
can armneliorate it, at least temporarily. This suggests that
rTMS may inhibit abnormal mrtlcu‘{ activity associated
tinmitus.

PATIENT POPULATION AND METHODS
Patients

Study participants were recruited amongst outpatients
seeking treatment at the Department of Otorhinalaryn-
gology, Head and Meck Surgery of the First Faculty of
Medicine and Motol Teaching Hospital, Charles Uni-
wersity in Prague from June 2006 to December 2008, All
participants were enrolled after having signed the study
informed consent that had been approved by the Ethics
Committee of the General Teaching Hospital Prague
{April 2004, registration number of the Ethics Commit-
tee of The Office for Human Research Protections at the
1.5, Dept. of Health and Human Services IRBOOD02705
and General Teaching Hospital IORGOD0Z175) in
accondance with the Helsinki declaration.

Inclusion criteria were: right handedness as assessad
by Annett’s questionnaire (Annett 1970), fermale and
male subjects aged 18 to 70 years naive with regards to
rTMS, written informed consent, unilateral or bilateral
tinnitus according to the International Classification
of Diseases (ICD-10) 10th Revision (H 93.1) of at least
& months duration, pharmacelogical treatment for at
least 3 months without significant clinical response,
identical doses of current pharmacological treatment
for at least & weeks, age-adjusted normal sensorineu-
ral hearing determined by audiogram within the last
& weeks before start of study, ie. no more than 5 dB
below the 10% percentile (DIN EM IS0 7029) of the
appropriate age and gender group in all measured
standard frequencies, a normal neurological exam and
normal cranial magnetic resonance imaging finding.
Mormal middle ear status was demonstrated by tympa-
nometry, stapedius reflex tests and otoscopy.

Exclusion criteria were: concurrent other forms of
tinnitus treatments, a history of newropsychiatric disor-
der (personal or family history of epilepsy, documentad
abnormal EEG, intracranial hypertension, history of
dizziness, significant head injury, stroke, aneurysm,
brain malfor mation, neuwrodegenerative disorder atfect-
ing the brain, previous cranial neurosurgery, presence
of acoustic neuroma, glomus tumor, brain tumor, pro-
found hearing loss »90 dB treshold at 4 000Hz or active
Meniére disease), pacemaker and other metal implants,

implanted medication pump, pregnancy, lactation,
presence of other significant medical condition (new-
roendocring, cardiovascular, cerebrovascular, systemic
autoimimune diseases), concomitant psychotropic med-
ication or medication that lowers seisure treshold (tri-
cyclic antidepressants or bupropion) or reduces cortical
excitation (anticomvulsants, benzodiazepines or other
sedatives). All patients also undewent a psychiatric
examination by an experienced psychiatrist to exclude
patients suffering from clinically relevant concomni-
tant axis I psychiatric disorders according to ICD-10
{especially diagnosis groups F 1-4 according to ICD-
10: affective and anxiety disorders, psychoactive sub-
stances dependency incuding alcohol and psychotic
disorders). Also excluded were patients unable to ful fill
the study requirements and those unable to commu-
nicate reliably with the investigators or those unlikely
to cope with the trial requirements. Participation in a
clinical trial within the last 30 days before starting this
trial was also an exclusion criterion.

Amongst the 124 patients who were screened for
inclusion in the study, 52 met the selection criteria
(see Figure 1). Three patients withdrew consent before
beginning treatment. Fifty-two patients were enrolled
in the study after giving written informed consent.
Patients were randomized (1:1) to receive either active
(N=26) or sham stimulation (N=26). In the group of
real rTMS, 4 patients withdrew during the course of
treatment. Two of these patients experienced a wors-
ening of tinnitus during the initial phase; one woman
could not withstand the pain at the site of stimulation
and the unpleasant twitching of the masseter muscle;
one man withdrew prematurely in the first week of
stimulation because of headache. A total of 6 patients
withdrew in the group of sham rTMS treatment. The
main reason for their withdrawal was a perceived lack
of efficacy at the end of the first week of treatment in
the case of 3 patients; headache in the case of 2 patients;
one patient did not return after two applications for
unkmnown reasons.

Forty-two  patients completed  the  study and
were included in data analysis. The real 1TMS
group (study completed by 22 patients, Table 1)
consisted of 10 women/12 men, tinnitus laterality
éright/3left/ 13bilateral; tinnitus duration 106.8£81.6
manths.

The sham 1TMS group (study completed by 20
patienits, Table 1) consisted of Iwomen/17men; tinni-
tus laterality 2right/4left/14bilateral; tinnitus duration
884+67.5 months.

Study desipn and tinnitus rating: Repetitive TMS proce-
dures and placebo conditions

After screening, written informed consent, baseline
assessments and randomization, patients underwent
structural magnetic resonance imaging. The Brain-
sight-Frameless neuronavigation system  (Magstim
Company Ltd, Whitland, UK) based on frameless

Copyright © 20710 Newroendocrinology Letters [S5N (72-780X - wwwneledu
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Tak. 1. Descriptive statistics of the age of study completars (N=42)
divided into the real treatment group (V) (N=22) and the sham
treatrrent group (51 (H=200.

AGE
v H Valid 2
Missing 1]
Maan 3.0
Madian 51.50
Maodde 1]
Std. Deviation 14.85
Minimum 20
Maximum (2]
5 H alid 20
Missirg ]
Maan 50.05
Madian 5600
Mode EEL]
Std. Deviation 13.97
Minirmum 27
Mad mium [

4 Multi ple modes exist The smallest value is shown

stereotaxy allowed navigation of the coil on the sur-
face of the skull over the auditory cortex (Brodmann
area 41 and 42) according to individual structural MRI
data (T1-weighted, 1.5-T system, Gyroscan MT, FPhilips
Medical Systems, Shelton, CT).

The resting motor threshold was determined at the
beginning of the study as the minimal intensity that
produced motor-evoked potentials of at least S0 pV in
the right abductor pollicis brevis muscle in five of ten
stimulations. This procedure was taken as the first step
of the stimulation process in all randomized patients.

The design of the study was prospective placebo-
controlled. Patients were treated with either real or
sham low frequency rTMS over a period of two weeks.
Bepetitive TMS was administered according to current
safety puidelines {Wassermann 1998). The Magstim
Super Rapid (Magstim Company Lid., Whitland, TK)
stimulator was used for stimulation. Active and sham
rTMS was delivered through a figure-eight coil. Sham
stimulation was carried out by tilting the coil 45 away
from the skull with one wing touching the skull. The
treatrnent group received real stimulation, 2 = 5 ses-
sions, 1Hz r'TMS, stimulation intensity 110% of the
individual resting motor threshold, 1500 stimuli per
session, coil position over the left primary auditory

Assasced for llgibility (N=124)

Excluded (N=TZ)

Host rresting Inclusion criterla
feft-handed, tnnitus

auration <émoniths, absence of short-
tamn pharmacdogca treatment,
abnormal neurdlogical andsor middle
ar status andior MREL M=29)

Meating exclusion criteda

iaf ggnificant ather medical liness,
alsallowed rredication: M=20)
Refused to participate M=3)

Randormnized 1:1 {N=52)

Group vV
Real TS
traatrmant iM=24)

Group §
Sham TS
reatrient t=26)

Last ta fallow-up N=4]
Suljective worsening of tinnitus M=2j
Unizzceptable pain In stimulation area N=1)
Hezdache MW=1}

Laost to fallow-up N=6)
Lack ofamoacy (N=3)
Headache (M=2)

Mat known =1}

Patlents completing N=22) |

| Patlents completing (N=20)

| Data analysls (N=42] |

Fig. 1. Study flow chart
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cortex (Broadmann areas 41 and 42) localized and
marked by a water-resistant pen during Brainsight
sterectaxy navigation session. Patients were enrolled
in the study on Monday and received five sessions of
1TMS on five consecutive business days.

The contral group received sham stimulation by dis-
tortion of the magnetic coil 457 away from the skull with
one wing touching the skull. The placement, coil posi-
tion and stimulation parameters were as in the treat-
ment growp. In both group, low frequency 1TMS was
administered over the left auditory cortex regardless
of tinnitus laterality. During both types of treatments,
the coil was held by a mechanical arms and the correct
position was periodically adjusted by a physician who
was present during the stimulation session.

Ablinding design was applied, whereby patients and
raters were blind to treatrment conditions. All patients
were naive regarding rTMS treatment and were not
informed about the technical details of specific rTMS
applications. The investigators performing all other
assessments were experienced physicians, not involved
in the yTMS treatment of the patients and not present
during the rTMS procedures. Self-rating instruments
were used for assessment.

The aim of the trial was to evaluate the efficacy of
1 Hz rTMS in the treatment of tinnitus. Based on previ-
ous findings, we hypothesized that two weeks of active
treatment are more efficient for alleviating symptoms
than sham treatment. Changes in the Tinnitus Handi-
cap Inventory (Mewman et al. 1996), the Goebel Hiller
tinnitus questionnaire (Goebel & Hiller 1994) and the
self rating Visual Analogue Scale (see hereinafter) were
used to evaluate the efficacy of real rTMS versus sham
rTMS in the treatment of chronic, treatment resistant
tinnitus. Another focus of the study was the investiga-
tion of the potentially lasting effect of rTMS.

Tinnitus severity was assessed before treatment
(baseline), at the end of treatment (week 2) and during
the follow-up period of 26 weeks after rTMS treat-
ment (weeks & 14, 26) by using the Tinnitus Handicap
Inventory and Goebel & Hiller tinnitus questionnaire.
Subjects were also asked to rate two Visual Analogue
Scales (VAS). The first instruction (VAS1) was “Flease,
indicate the current severity of your tinnitus, Scale 0 =
cornpletely insignificant problem to 10 = currently the
maost serions problem of my life”

The second (VAS2) was “How does your tinni-
tus disrupt your routine daily activities (work, caring
for yourself, rest, hobbies, fun)? 0- no disruption at
all.....10-disrupts them quite seriously”

Data analhsis

SP55 software version 15 was used for statistical analy-
sis. The level of significance was set at 0.05 for all cases.
As data collection did not meet the criteria for normal
distribution. nonparametric tests were applied for sta-
tistical difference assesment and comparison of groups.
Groups were created with respect to the type of treat-

ment {active stimulation - STIM (V) versus sham stim-
lation —-SHAMI(S)), assessment method and the time
of assesment (B-baseline, V1-V4 - follow-up period 26
weeks).

RESULTS

In the group actively treated with 1Hz 1TMS, two
patients withdrew during the stimulation phase due
o worsening of tinnitus, one patient withdrew due to
headache and one woman withdrew due to pain at the
site of stimulation and unpleasant, |.u1benral:|fe contrac-
tions of the neck muscles on the stimulated side. In
the actively treated group, we recorded in completers
during the stimulation phase transitory headache, mild
tongue paresthesia, transient worsening of tinnitus and
changes in quality of sleep. In the group treated with
sham stimulation, the spectrum of side effects during
the stimulation phase was very similar: two patients
withdrew because of headache, but three patients ter-
minated the study after one week becanse of a perceived
lack of efficacy. In those who completed the sham stim-
wlation phase of the study, we noted during the course
of the study mild headache (which did not require phar-
macological treatment), transient worsening of tinnitus
and changes in the quality of sleep. Mone of the patients
developead seizures or other serious side-effects.

The ability to reduce the symptoms of tinnitus
appeared in both randomized groups immediately
after the 1Hz rTMS and sham stimulation phase
{week 2). There was a significant reduction in both
groups of the tinnitus total score on the Tinnitus
Handicap Inventory and the 52-iterns Tinnitus Ques-
tionnaire modified by Goebel & Hiller (THI group V
p=0.005, THI group 5 p=0.049; Goebel Glob group v
p=0.003, Goebel Glob group S p=0.049). On the THI
evaluation scale, in the real rTMS group, a mild wors-
ening was noted during week 6 in comparison with the
state attained in week 2. During the subsequent course
of the study, though, a significant reduction of the
total score persisted in the case of THI (THI group W,
weel 14 p=0.033 and borderline week 28 p=0.058). The
reduction of symptoms as evaluated using the Tinnitus
Questionnaire modified by Goebel & Hiller was sig-
nificant compared to baseline in the real rTMS group
at week 2, 6 and 14 (p=0.003; p=0.024; p=0.022). The
group treated with sham stimulation reached signifi-
cant reduction of symptoms only at week 2 (p=0.04%)
i.e. immediately upon completion of the stimulation
phiase (Figure 2, Table 2, Figure 5, Table 3). A com-
parison of the difference in the recorded values of the
total score during follow-up in relation to baseline
expressed as a percentage demonstrates graphically
the difference in the effect of rTMS and sham stimu-
lation as evaluated by both the basic scales (Figure 4,
Figure 7). Graphical analysis of mean patterns of treat-
ment response according to stimulation type shows a
similarity between treatment response patterns evalu-
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Tak. L. Tinnitus Handica p Inventony total score (meantstandand deviation): comparison of basaline and week 2 week 6 waek 14 and waek 24
acoording to stimulation type (V-real stimulation, 5-sham stimulation; B-basaling, V1-week 2, V-week & Vi-wesk 14 V4-week 261
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Fig. 1. Tinnitus Handicap Inventory {THI maan total score in the 22 - e
patients treated with real stimulation (STIM) and the 20 patients ;:: ol
treated with sham stimulation (SHAM) who comp kted the study = [T— :,,
[B-baseline, V1-weak 2 V2-weak 6 Vi-week 14 Vi-week 26). Tusiu
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Fig. 3. Tinnitus Handicap Inventory araphical analysis of mean pat-
terns of treatmant response according to stimulation type (5tim-
ulation typeV - real stimulation; Stimulation typs 5 - sham stimu-
lation; B-baseline, ¥ 1-week 2 V¥ 2-wesk & V3-waek 14 Vi-waek 26).

ated by reduction of the total scores using THI and the
Tinnitus Questionnaire modified by Goebel & Hiller
(Figure 3, Figure 6.

Whereas the total score of the Tinnitus Questionnaire
modified by Goebel 8 Hiller is the sum of items, this
instrument also allows the computation of subscales.
The mast relevant of these include tinnitus associated
emotional distress, intrusiveness and audition. Within
the emotional distress subscale (Figure 8, Table 4), we
observed a reduction of the subscale score in the real
rTMS group during follow -up. Active treatment signifi-
cantly reduced baseline scores at week 2 {p=0.013), week

Fig. 4. albl: Mean percentual change according to the Tinnitus
Handicap Inventory baseline total score (Stimulation typeV - real
stimulation; Stimulation type 5 - sham stimulation; B-bassline,
E_V1- baseline vs. waek 2, B_V 2- basaline vs. week& B_V3- basa-
line vs. waek 14, B_V4-baseline vs. weak 26). ¢} A figure showing
the calculated upper and lower values (%) for each s=t of data
points, s that twao values are displayed graphically for each set.
Ini this case 0% represents the bassline whilz the other values
reprasant each follkow-up change (VIV4) expressad in percant.,

& (p=0.041) and week 14 (p=0.036). Sham treatment
demonstrated this ability at week 2 (p=0.015). These
findings are also supported by the graphical analysis of
mean patterns of treatment response (Figure 9). Within
the intrusiveness subscale (Figure 10), we observed a
modest reduction of the subscale score in the real 'TMS
group during follow-up. This sub score was significantly
reduced in the real rTMS group at week & (p=0.021),
weel 14 (p=0.032) and week 26 {p=0.045). Sham treat-
ment significantly reduced this subscale score at week 2
{ p=0.04 3), with no significant effect during weeks 6, 14
and 26 { Table 5, Figure 11).
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Tab. 3. Tinnitus Quastionnaire modified by Goebel & Hiller (Goebel Glok) total score (meantstandard deviation): comparison of bassline
and week 2, week 6, wesk 14, wesk 26 according to stimulation type (V-real stimulation, S-sham stimulation; B-baseline, ¥1-wesk 2,

V2-week 6,V 3-wesk 14 V4week 26),

244

B p-value V1 p-value V2 p-value Vi p-value V4
W
Goebel Glob 3501628 0003 27771751 0024 2B.55+18.30 Qu022 28051794 006 28731874
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Fig. 5. Tinnitus Quastionnaire madified by Goebel & Hiller (Goebel ad e
Global) total score: mean total score in the 22 patients treated %::::
with real stimulation (STIM) and the 20 patients receiving sham n [
stimulation (SHAM) all of whom completed the study (B-base- , Tisesien 59

line, V1-wesk 2, VZ-week 6, V3-wesk 14 V4week 26)..

P
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Fig- 6. Tinnitus Questionnaire modified by Goelbssl & Hiller: graphi-
cal analysis of mean patterns of treatment response according to
stimulation type (Stimulation type V - real stimulation; Stimula-
tion typ= S - sham stimulation; B-bassline, V1-week 2, V2-weak 6,
Vi-week 14, Vi-wesk 26).

We did not observe any significant reduction for the
andition subscale (Figure 12, Table 8) in either the real
or sham treatment groups. Graphical analysis of mean
patterns of treatment response shows a progressive
worsening trend for this subscale in the sham group
(Figure 13)

During the study, we did not record any significant
changes in the evaluated Visual analogue scale - VAS1
(0-100 points), which studies the perceived severity of
tinnitus (Table 7). In the actively treated group, there
was a slight decrease in the total VAS] score, which

e

Fig. 7. alb) Mean percent change according to baseline Tinnitus
Cuestionnaire modified by Gosbel & Hiller total score (Stimula-
tion type V - real stimulation; Stimulation type 5 - sham stim-
ulation; B-basaline, B_V1- baseline vs. week 2, B_V2- bassline
vs. weak 6, B_V3- baseline vs. week 14, B_V4-baseline vs. week
26). ¢} & figure showing the calculated upper and lower values
(%) for each set of data points, so that two values are displayed
graphically for each set. In this case 0% represents the baseline
while the other values represent each follow-up change (V1-V4)
expressed in percent..

continued until week 26, while in the sham treatment
group the subjective perception of tinnitus severity rose
from week 26.

Similarly, no significant changes compared to base-
line were recorded in the Visual analogue scale - VAS2
(0-100 points), which studies the disruption of routine
daily activities (Table 8). Graphical analysis of mean
patterns shows congruency between VAS1 and VAS2 in
the real treatment group but incongruence in the sham
treatment group.
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Tak. 4. Tinnitus Questionnaire modified by Gosbel & Hiller; emoticnal distress dimension mean subscore imeantstandard deviation):
comparison of basaline and wesk 2, wesk & weak 14, wesk 26 according to stimulation type (V-real stimulation, S-sham stimulation;

B-baseling, V1-waek 2 VI-wesk & V3-week 14 Vé-weak 26).
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; Fig. 9. Tinnitus Questionnaire modified by Goebel & Hiller ama-
o v vz vz va tional distress dimension: graphical analysis of mean pattarms of
treatment response according to stimulation type (Stimulation

Fig. &. Tinnitus Questionnaire modified by Goabel & Hiller: armo-
tional distress dime nsion (Goebel B} mean subscore imaximum
24 points) in the 22 patients treated by real stimulation (5TIM)
and the 20 patients receiving sham stimulation (SHAM) all of
whorn complated the study (B-baseline, V1-wesk 2, V2-week &,
Wi-week 14 Viweeak 261,

type V - real stimulation; Stimulation type 5 - sham stimulation;
B-basaline, V1-week 2, V2-week & Vi-waek 14 Vi4-wesk 26).

Tab. 5. Tinnitus Questicnnaire modified by Goabal & Hiller; intrusivenass dimension mean subscore {meantstandand deviation): comparison
of basaline and weak 2, week &, wesk 14, weak 26 according to stimulation type {V-real stimulation, 5-sham stimulation; B-baseline V1-wesk

2 \2-weak & V3-week 14, Vd-wesk 261
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.!. Fig. 11. Tinnitus Questicnnaire modified by Gosbel & Hiller intru-
B v v va i sivenass dimens izn: graphical analysis of mean pattarns of treat-
ment response according to stimulation type (Stimulation type

Fig. 10. Tinnitus Quastionnaire modified by Goebel & Hiller: intmu-
sivenass dimension (Goebel | mean subscore (maximum 16
points) in the 22 patients treated with real stimulation (STIM)
and the 20 patierts receiving sham stimulation (SHAM) all of
whom completed the study (B-baseling, V1-week 2, Vi-wesk &,
Vi-weak 14, V4-waek 28},

W - real stimulation; Stimulation type 5 - sham stimulation;
B-baseline ¥ 1-weak 2, V2-week 6, Vi-wea k 14, V4-waek 246,
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DISCUSSION

The principal finding of this study is that real 1Hz
ITMS treatment was capable of significantly reducing
the total baseline score of basic scales that measure tin-
nitus severity, namely in the case of patients with an
average age of 50 suffering from tinnitus for an aver-
age duration of nearly nine years and who moreover
did not respond to prior pharmacological treatment
administered for at least three months before random-
ization. A similar conclusion applies to some of the
subscales dealing with specific dimensions of patient
tinnitus symptoms. This result is important as it proves
that significant reduction of symptoms can be achieved
even in a group of patients with long-term symptoms
resistant to pharmacological treatment.

As to duration of the effect following stimulation,
we muay summarize that the positive effect evaluated
using the wvarious scales is chronologically limited
and that persistence of significant differences during
follow-up visits vs. baseline in our study is limited in
the case of the most positively atfected parameters up
to week 14, including the emotional distress dimension
(depression, anger, lrl'ltahjljgf, anxiety) subscale of the
Tinnitus Questionnaire modified by Goebel & Hiller.
This long-term improvernent cannot be attributed to a
placebo response, but rather to the true effect of rTMS
on reducing the activity of the stimulated region as
well as on newroplasticity and its effect on other brain
structures. The intrusiveness dimension (consisting
of symptoms such as continuous focusing on tinnitus,
difficulties concentrating) subscale of the Tinnitus
Questionnaire modified by Goebel & Hiller remained
significantly decreased up to week 26. The interven-
tion, though, practically failed to influence the andition
dimension (perceptual difficulties, hearing problems in
demanding social situations) subscale of the Tinnitus
Questionnaire modified by Goebel & Hiller. It could
thus be assumed that the effect of this treatment lies
primarily in its impact on itemns coming under the emo-
tional distress and intrusiveness subscale. Impact on
the audition subscale, which already demonstrates low
wvalues at baseline, is practically nil during follow-up.
Thus, in the actively treated group, there is a significant
reduction of emotional distress and intrusiveness, but
active treatment fails to impact on the audition subscale.

The situation differs in the sham group, where we
chserved a significant response in the THI total score,
the Tinnitus Questionnaire modified by Goebel & Hiller
total score and the intrusiveness dimension subscale
of the Tinnitus Cuestionnaire modified by Goebel &
Hiller only immediately after stimulation {weele 2) but
not during the follow-up phase. Though we recorded
a significant reduction of emotional distress at week 2,
at the end of the study patients evaluated this param-
eter as being worse than at baseline. This placebo reac-
tion surely invalves factors related to patient selection

for similar studies. These are patients who have been
unsuccessfully treated with pharmacotherapy, whose
symptoms persist or even worsen in time, patients
who have suffered disappointment and often harbor
excessive expectations. Treatment motivation and
acceptance can be a crucial point in the psychological
and also biclogical intervention for tinnitus sufferers.
During stimulation, there is an increase in the feeling of
subjective control for 12 days, a sense of "being treated”
and of “deing something” with the illness and “fighting
it" At the same time, there is intense contact with the
physician and the patient has a tendency to conduct a
dialogue regarding histher complaints (psychotherapy).
Within the study, patients receive greater attention than
is commen under conditions of routine care in outpa-
tient clinics. This may explain the significant reduction
of scores at week 2 in our sham growp. It may be stated
that despite the primarily expected degree of placebo
response, we found significant changes only immedi-
ately following stimulation.

We were unable to demonstrate neither in the real
nor in the sham group any changes in the subjective
perception of tinnitus using the Visual analogue scale
(WAS1) or any influence on daily activities (VAS2). It
is probable that these questions are too unspecific, too
general and thus we will no longer use them in further
studies.

Chur results converge with previous studies suggest-
ing that low-frequency rTMS can positively reduce
tinnitus perception in some patients, at least tempo-
rarily. Some authors demonstrated a positive effect in
approximately one half of patients with tinnitus treated
with single sessions of TTMS (De Ridder et al. 2005).
Similarly, further double blind studies (Kleinjung et
al. 2005, Marcondes et @l. 2010) have shown that slow
frequency rTMS administered for five consecutive days
could have a significant effect on tinnitus that persists
up to & months after treatment. Our results rather cor-
respond to the findings of the Smith et al. 2007 study.
This study found that a response to active (but not
sham) 1TMS occurred in all actively treated patients,
but tinnitus returned in all patients within four weels
following active treatmment. The authors also conclude
that there was a significant increase in the reaction time
and that it is unclear whether the improved reaction
times were caused by tinnitus reduction or a general
effect of rTMS. It may thus be presumed, and this is
confirmed by our results, that the duration of active
treatment efficacy is limited in time and the maximally
achieved effect decreases at a certain interval from the
study stimulation phase. It will be necessary to con-
sider developing a protocol of maintenance treatment
for suitable patients. One case report showed that it is
feasible to use maintenance 1TMS to manage chronic
tinnitus (Mennemeier et al. 2008).

Car study is limited due to many restrictions. We
did not use PET imaging (financial aspects and acces-
sibility in the Czech Republic) or functional magnetic
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Tak. &. Tinnitus Questionnaire modified by Goebel & Hiller; audition dimensicn mean subscore (meantstandard daviation): comparison of
basalina and wesk 2, week &, weak 14, wesk 26 according to stimulation type (V-real stimulation, S-sham stimulation; B-basaline V1 -weak 2,
Vi-weakhe Vi-week 14 Va-week 261
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points) in the 22 patients treated by real stimulation (5TIM)
and the 20 patients receiving sham stimulation (SHAM) all of
whorn completed the study (B-baseline, V1-wesk 2, V2-week &,
Wi-waek 14 Vi-weak 26).

Tak. 7. Visualanalxgue scale {0- 1080 points) (VAS1) mean score (meandstandard deviation i comparison of basaline and waek 2, waek & weaek
14 week 26 according to stimulation type {V-real stimulation, 5-sham stimulation: B-baseline V1-week 2 ¥2-weaek & V3-week 14 V4-weak 26).

B p-value Vi p-value Vi p-value L E] p-value L'L]
¥
VAS] SETIEMGT?  00SE  S145£2778 Q07 S0S527.48 0315 519542913 0127 495542004
5
VAS] 380142354 0237 3205+21.82 0504 3I5B4+17.85 0422 IT2£1945 0255 3089+2022

Tab. 8. Visual analogue scale i0-100 points) (VAS2) mean score (meantstandard deviation): comparison of baseline and week 2, waek s week
14 week 26 according to stimulatien type {V-real stimulation, 5-sham stimulation; B-baseline, V1-week 2 V2-week & V3-week 14 V4-week 26).
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resonance imaging in order to determine the exact
lecalization of asymmetric metabolic activity. Rather,
we localized BA 41 and 42 according to anatomical
conditions. It would certainly be interesting to deter-
mine the exact localization of metabalic hyperactivity,
especially in our sample that included individuals with
variously localized tinnitus (left, right and bilateral
localized tinnitus).

We nsed the 1 Hz stimulation protocaol at the typical
lecalization of BA 41, 42 in our active treatment. Lately,
though, there have been reports regarding the efficacy
of combined temporal and prefrontal 1TMS (1 Hz over
auditory cortex vs. 20Hz over DLPFC and then | Hz
over atditory cortex), which confirm that functional
abnormalities in tinnitus patients also involve brain
structures used for attentional and emotional process-
ing, such as the dorsolateral prefrontal cortex (Klein-
jung et a@l. 2008). One recent study (Khedr et al. 2009)
observed an efficacy of ten days of 1Hz, 10Hz, 25Hz
'TMS over the temporopariteal cortex, with some
patients showing a lasting benefitat 1 year after 10 days
of 'TMS treatment.

Although we analyzed the results for the whole
gl:n:nups, we are aware that patient age plays a role and
that it would be appropriate to divide the sample into
age clusters. Sirnilarly, we could. naturally in the case
of a larger sample of probands, analyze the groups
according to tinnitus severity or to the average disease
duration. Diata regarding the extent of response in these
stibgroups are either few or completely lacking. Some
authors recornmend that a stable baseline of tinnitus be
established before starting a clinical trial. Scoring and
rating should also be conducted daily, as relying on pre-
experiment and post-experiment measurements may
fail to detect real changes that occur during the course
of the study. The most likely reason for pretreatment
and post-treatment measurements failing to detect
change was that tinnitus returned shortly after treat-
ment was concluded (Smith et al. 2007).

Another limitation that frequently occurs in similar
studies is the control conditions. Although sham stimu-
lation takes place under the same laboratory conditions
and the sham positioning of the coil is accompanied
by the typical sound of active stimulation, it lacks the
somatosensory sensation. Some authors are attempt-
ing to verify this original placebo condition (Rossi et
al. 2007) and have shown that the rTMS effect on tin-
nitus is not mediated by somatosensory stimulation.
We believe that subjects can easily distinguish the dif-
ference between real and sham stimulation, especially
during stimulation of the temporal region, which
strongly biases their judgments regarding eventual clin-
ical benefits. In our stu%’, we did not examine whether
patients, who were all naive for rTMS, identified the
active or sham method of treatment.

In swrmmary, our study of rTMS in patients suffering
frommn chronic tinnitus confirms earlier studies by dem-
onstrating tinnitus redoction after active rTMS treat-

ment but not after sham rTMS. An important, clinically
significant fact emerging from our study is that the
effect of real rTMS treatment persisted for 3 months
of follow-up assessment. It is thus necessary to seek a
further optimnal chronological design of the stimula-
tion protocal, especially in the group of patients with
clinical characteristics similar to those of the patients
included in our sample.

ACKNOWLEDGMENTS

This study was supported by research grants IGA
MZER NR/AS05-4 and MEM (021620849,

We especially thank Berthold Langguth (Department
of Psychiatry and Psychotherapy, University of Regens-
burg, Interdisciplinary Tinnitus Clinic, University
of Regensburg, Regensburg 93053, Germany) for his
advice and helpful communication during all phases of
this study.

REFEREMCES

1 Annatt M. (19701 A classification of hand preferance by associa-
tion analysis, British Journal of Psychology. 61: 303-321.

2 Amckd W, Bertenstein P Oestreicher E, Romer W, Schwaiger
W (1996), Focal matabolic activation in the pradominant left
auditory cortex in patients suffaring from tinnitus: a PET study
with [18F]decayglucose. ORL J Ctorhinolaryngol Ralat Spec 58:
150164,

3 De Ridder D, Verstraetan E, Van der Kzlen K, De Mulder G, Suna-
ert 5, Verlsoy J, Van de Hayning P, Moller A, (2005). Transcranial
ragretic stimu lation for tinnitus: influence of tinnitus duration
on stimulation parameter choice and maximal tinnitus su ppras-
sion. Ctol Meurotol. 16: 616-619,

4 De Ridder D, Verstraetan E, Van der Kzlen K, De Mulder G, Suna-
ert 5, Verksoy ), Van de Hayning P, Moller A, (2005). Transcranial
magretic stimu lation for tinnitus: influence of tinnitus duration
on stirmulation parameter choice and maximal tinnitus suppres-
sion. Ctol Meurotol. 26: 616-619,

L Demeaster K van Wieringen A Hendricks 1), Topsakal ¥V, Fransen
E Wan Laer L, De Ridder D, Van Camip G, Van de Heyning P (2007},
Pravalence of tinnitus ard audiometric shape. B-ENT. 3{5uppl7:
3749,

& Dobie RA. (19920, A raview of randomizad clinical trials in tinni-
tus Laryngoscope, T0%: 1202-1211.

7 Giraud AL, Chéry-Croze 5 Fischer G, Fischer C, Vighetto A, Gré-
goire MC_ Lavenne F, Collat L. {19990, A selective imaging of tin-
nitus. Neurorepart. 10: 1-5.

8 Goebel G, Hiller W, (19945, Tinnitus-Fragebogen (T HNO, 42:
166-T2.

9 Hoffrman RE, Cavus | (2002}, Slow transcranial magnetic stimu-
latizn, leng-term depotentiation, and brain hyperexcitability
disondars, Am J Psychiatry. 158 1083-1102.

10 Chen B, Classen ), Gerloff C Celnik P, Wassarmann EM Hallett
W, Cohen LG, (19975 Depression of motor cortex excita bility by
low-frequency transcranial magnetic stimulation. Heuralogy. 48:
1308-1403,

11 Jalali MM, Kousha & MNaghavi 5E, Seleimani B, Banan R. (2009},
The effects of alprazzlam on tinnitus: a cross-over randomized
clinical trial. Mad Sci Monit. 15{1 1) PIS5-&0,

12 Kaltenbach JA. {20000, Neuraphysiologic mechanism of tinnitus,
JAm Acad Audicl. 11: 125-137

13 Ehedr EM, Rothwell JC, El-Atar A, (2000% Cne-year follow up of
patients with chronic tinnitus treated with lkft te mporoparietal
rTMS. Eur J Heurol. 16(3): 434-3.

Copyright © 2010 Neuroendocrinology Letters [S5N 0172-780X « wwweneledu

141



Twva-week 1 Hz rTMS treatment in patients with pharmacotherapy refractory chronic Bnnitus

14 Klzinjung T, Eichhammer F, Landgrebs M, Sand P Hajak G, Stef-
fens T, Strutz ), Langguth B { 2008). Combined temporal and pra-
frontal transcranial magnetic stimulation for tinnitus treatrmernt:
a pilot study, Otolaryngal Head Neck Surg. 138i4): 497-501.

15 Klzinjung T, Eichharmmer P, Langguth B, Jacob P, Marienhagen J,
Hajak G, Wolf 5K, Strutz 1, (2005): Long-term effects of repetitive
transcranial magnetic stimulation (FTMS) in patients with chronic
tinnitus Ctolarynael Head Neck Surg. 132: 566564

16 Langguth B, Braun 5, Aigner JM, Lardareba M, Weinerth J, Hajak
G, Eichhammer B (2005). Repetitive transcranial magnetic stimu-
lation in a patient suffering from depression ard rheurnatoid
arthritis: evidence for immunomodulatory effects. Neurs Endo-
crirl Lett, 2604): 314-6.

17 Langguth B, Eichhammear P, Zowe M, Kleinjung T, Jacob P Binder
H, 5and F Hajak G. (2005} Alared rrotor cortes: excitability in
tinnitus patients: a hit at crossmodal plasticity. Meurosci Lett,
38003): 326-329,

18 Langguth B, Kkinjurd T, Marienhagen 1, Bindar H, 5and PG,
Hajak G, Eichhammer P. (2007). Transcranial magnetic stimula-
tien for the treatmant of tinnitus: effects on cortical excitablity.
BMC Neurosci. B: 45,

19 Langguth B, Wiegand R, Kharraz A, Landarebe M, Marienhagen
1, Frick L), Hajak G, Eichharmmer P, (20075, Pre-treatment anterior
cingulate activity as a predictor of antidepressant response to
repetitive transcranial magnetic stimulation (TMS) Neurcendo-
crirel Lett, 28050 633638,

20 Lockwood AH, Salvi RJ, Burkard RF, Galantowicz I, Coad ML,
Wack DA, (1998), Naurcanatomy of tinnitus. Scand Audicl Suppl.
51:47-52.

21 Lockwood AH, Salvi B, Coad ML, Towsley ML, Wack DS, Murphy
BW. {1998, The functional neurcanatomy of tinnitus evidence
for limbic system links and neural plasticity. Meurology. 50:
114-120.

22 Marcondes RA, Sanchez Ta, Kii MA, Ono CR, Buchpiguel CA,
Langguth B, Marcolin MA. (2010). Repetitive transcranial mag-
netic stimulation improve tinnitus in rormal hearing patients:
a doubla-blird controllad, clinical ard neurcimaging outcorme
study. Eur J Neurol. 17: 28-44,

23 May A Hajak G, Ganssbauer 5, Steffens T, Langaguth B, Kleinjung
T, Eichhammer P (2007). Structural brain aberations following 5
days of intervention: dynamic aspects of nauroplasticity. Cerab
Cortar 17: 205-210,

24 Mealchar IR, Sigakevsky 15, Guinan L Jr Levine RA, (20004 Lateral-
ized tinnitus studied with functional magnetic rescnance imag-
ing: abnorrmal inferior colliculus activation. J Neurophysiol. 83:
1058-1072,

25 Mennemeier M, Chelette KC Myhill ), Taylor-Cooke P Bartal T,
Trigas W_Kimbr T Dornhoffer ). (2008). Maintenance repetitive
transcranial magretic stimulation can inhibit the return of tin-
nitus. Laryngoscope. 118(7): 1228-32.

26 Mirz F Gjedde A Ishizu K, Pedersen CB. (20090} Cortical networks
subsarving the perception of tinnitus-PET study. Acta Ctolaryn-
gol Suppl. 543: 241-243,

27 Mirz F, Pedersen B, Ishizu K, Johannsen P, Ovasan T, Stodkilde-
Jorgensan H, Gjedde A, {1999), Positren emission tomagraphy of
cortical centers of tinnitus. Hear Res. 134: 133-144,

28 Moller AR {2003). Pathophysiclogy of tinnitus. Otalaryngal Clin
Morth Am. 36: 24954,

28 Muhlnickel W, Elbert T, Taub E, Flor H. (1998L Rearganization of
auditory cortex in tinnitus, Froc Natl Acad Sci USA 95 10340-
10343,

30 Mewman CW, Jacobson GF Spitzer JB. (19980 Development of
the Tinnitus Handicap Inventory. Arch Otolaryngol Head Meck
Surg 122 143-148,

31 Noell CA, Meyerhoff WL (2003}, Tinnitus, diagnosis and treat-
rrent of this elusive symptom. Geriatrics. 58(2): 28-34.

32 Plewnia C, Bartels M, Gerloff C. (2003 Transient supprassion of
tinnitus by transcranial magnetic stimulation. Ann Meurol 53:
263-266.

33 Plewnia C, Bartels M, Gerloff C. (2003) Transient supprassion of
tinnitus by transcranial magnetic stimulation. Ann Meurol 53
263-266.

34 Reyes 5A, Salvi R, Burkard RF, Coad ML, Wack DS, Galantowicz P,
Lockerood AH. (20021 Brain imaging of the effects of lidocaire
ontinnitus. Hear Res. 71: 43-50.

35 Rizzardo R, Savastano M, Maron MB, Mangialaio M, Salvadori L
{1998, Psychological distress in patients with tinnitus, 1 Ctolar-
yngaol 27: 21-25,

36 Rossi 5, De Capua A, Ulivelli M, Bartalini 5, Falzarana ¥, Filippone
G, Passero 5 (2007, Effects of repetitive transcranial magnetic
stimulation on chronic tinnitus: a randomised, crossover, double
blind, placebo controlled study. ) Meursl Meurosurg Psychiatry.
TR BET 53,

37 Sala T (19971 Transtympanic gentamicin in the treatment of
Meniére’s disease. Auris Nasus Laryro, 24: 23944,

38 She W, Dai ¥, Du X, Chen F, Ding X, Cui X, (2009}, Treatment of
subjective tinnitus: a comparative clinical study of intratympanic
sterodd injection vs oral carbarmazepine. Mad Sci Monit. 15(8):
P135-9,

39 Siebrer HR, Filipovic SR, Rowe JB, Cordivarni C, Gerschlager W,
Rathweall I, Frackowiak RS, Bhatia KF (2003}, Patients with focal
arm dystonia have increasaed sensit ivity to slow-frequency repet-
itive TMS of the dorsal premotor cortex, Brain. 126: 2710-2725.

40 Smith J&, Mennemeier M, Bartal T, Chelatte KC, Kimbrall T, Triggs
W, Dornheffer JL (2007). Repatitive transcranial magnetic stimu-
lation for tinnitus: a piket study, Laryrgescope, 11703k 520-34,

41 Wassermann EM. (1998}, Risk and safety of repetitive transcranial
rragnetic stimu lation: report ard sugaested guidelines from the
Intzrnational Workshop on the Safety of Repatitive Transcranial
Magnetic Stimulation, June 5-7, 1996, Ekctroencephalogr Clin
MNeurophysicl. 108: 1-18.

42 Zaman R, Third [, Kocmur M. (23080, Transcranial Magnetic
Stimulation in Schizophrenia. Meurcendocringl Lett, 295 ppl 1):
147-1610.

Neurcendocrinofogy Letters Vol 31 No.2 20010 - Anticle available online: http:/inode.nel edu

142

249



14. Pouzita literatura

Abbruzzese G, Marchese R, Buccolieri A, Gasparetto B, Trompetto C. Abnormalities of
sensorimotor integration in focal dystonia: a transcranial magnetic stimulation study.
Brain 2001; 124: 537-45.

Aguirre LA, Perez-Bas M, Villamar M, Lopez-Ariztegui MA, Moreno-Pelayo MA, Moreno
F, et al. A Spanish sporadic case of deafness-dystonia (Mohr-Tranebjaerg) syndrome
with a novel mutation in the gene encoding TIMM8a, a component of the
mitochondrial protein translocase complexes. Neuromuscul Disord 2008; 18: 979-81.

Alarcon F, Tolosa E, Munoz E. Focal limb dystonia in a patient with a cerebellar mass. Arch
Neurol 2001; 58: 1125-7.

Albanese A, Barnes MP, Bhatia KP, Fernandez-Alvarez E, Filippini G, Gasser T, et al. A
systematic review on the diagnosis and treatment of primary (idiopathic) dystonia and
dystonia plus syndromes: report of an EFNS/MDS-ES Task Force. Eur J Neurol 2006;
13: 433-44.

Andaluz N, Taha JM, Dalvi A. Bilateral pallidal deep brain stimulation for cervical and
truncal dystonia. Neurology 2001; 57: 557-8.

Anderson ME, Postupna N, Ruffo M. Effects of high-frequency stimulation in the internal
globus pallidus on the activity of thalamic neurons in the awake monkey. J
Neurophysiol 2003; 89: 1150-60.

Ashburner J, Friston KJ. Unified segmentation. Neuroimage 2005; 26: 839-51.

Bahmad F, Jr., Merchant SN, Nadol JB, Jr., Tranebjaerg L. Otopathology in Mohr-
Tranebjaerg syndrome. Laryngoscope 2007; 117: 1202-8.

Bara-Jimenez W, Catalan MJ, Hallett M, Gerloff C. Abnormal somatosensory homunculus in
dystonia of the hand. Ann Neurol 1998; 44: 828-31.

Bara-Jimenez W, Shelton P, Hallett M. Spatial discrimination is abnormal in focal hand
dystonia. Neurology 2000a; 55: 1869-73.

Bara-Jimenez W, Shelton P, Sanger TD, Hallett M. Sensory discrimination capabilities in
patients with focal hand dystonia. Ann Neurol 2000b; 47: 377-80.

Bare§ M. Bezpecnost transkranidlni magnetické stimulace. Bare§ M, Dufek J, Kanovsky P.:
Transkranidlni magnetickd stimulace. Brno: Narodni centrum oSetfovatelstvi a
nelékatskych zdravotnickych obort

2003: p. 34 - 41.

Bares M, Dufek J, Kanovsky P. Transkranidlni magnetickd stimulace. Brno: Narodni centrum
oSetrovatelstvi a nelékaiskych zdravotnickych obort, 2003.

Bartels A, Logothetis NK, Moutoussis K. fMRI and its interpretations: an illustration on
directional selectivity in area V5/MT. Trends Neurosci 2008; 31: 444-53.

Baumer T, Demiralay C, Hidding U, Bikmullina R, Helmich RC, Wunderlich S, et al.
Abnormal plasticity of the sensorimotor cortex to slow repetitive transcranial magnetic
stimulation in patients with writer's cramp. Mov Disord 2007; 22: 81-90.

Beck S, Richardson SP, Shamim EA, Dang N, Schubert M, Hallett M. Short intracortical and
surround inhibition are selectively reduced during movement initiation in focal hand
dystonia. J Neurosci 2008; 28: 10363-9.

Berardelli A, Rothwell JC, Hallett M, Thompson PD, Manfredi M, Marsden CD. The
pathophysiology of primary dystonia. Brain 1998; 121 ( Pt 7): 1195-212.

Blake DT, Byl NN, Cheung S, Bedenbaugh P, Nagarajan S, Lamb M, et al. Sensory
representation abnormalities that parallel focal hand dystonia in a primate model.
Somatosens Mot Res 2002; 19: 347-57.

143



Blood AJ, Flaherty AW, Choi JK, Hochberg FH, Greve DN, Bonmassar G, et al. Basal
ganglia activity remains elevated after movement in focal hand dystonia. Ann Neurol
2004; 55: 744-8.

Borich M, Arora S, Kimberley TJ. Lasting effects of repeated rTMS application in focal hand
dystonia. Restor Neurol Neurosci 2009; 27: 55-65.

Braun C, Schweizer R, Heinz U, Wiech K, Birbaumer N, Topka H. Task-specific plasticity of
somatosensory cortex in patients with writer's cramp. Neuroimage 2003; 20: 1329-38.

Brownsett SL, Wise RJ. The contribution of the parietal lobes to speaking and writing. Cereb
Cortex 2010; 20: 517-23.

Burguera JA, Bataller L, Valero C. Action hand dystonia after cortical parietal infarction.
Mov Disord 2001; 16: 1183-5.

Burke RE, Fahn S, Marsden CD, Bressman SB, Moskowitz C, Friedman J. Validity and
reliability of a rating scale for the primary torsion dystonias. Neurology 1985; 35: 73-
7.

Butterworth S, Francis S, Kelly E, McGlone F, Bowtell R, Sawle GV. Abnormal cortical
sensory activation in dystonia: an fMRI study. Mov Disord 2003; 18: 673-82.

Byl NN. Learning-based animal models: task-specific focal hand dystonia. Ilar J 2007; 48:
411-31.

Byl NN, Archer ES, McKenzie A. Focal hand dystonia: effectiveness of a home program of
fitness and learning-based sensorimotor and memory training. J Hand Ther 2009; 22:
183-97; quiz 198.

Byl NN, Merzenich MM, Cheung S, Bedenbaugh P, Nagarajan SS, Jenkins WM. A primate
model for studying focal dystonia and repetitive strain injury: effects on the primary
somatosensory cortex. Phys Ther 1997; 77: 269-84.

Byrnes ML, Thickbroom GW, Wilson SA, Sacco P, Shipman JM, Stell R, et al. The
corticomotor representation of upper limb muscles in writer's cramp and changes
following botulinum toxin injection. Brain 1998; 121 ( Pt 5): 977-88.

Candia V, Wienbruch C, Elbert T, Rockstroh B, Ray W. Effective behavioral treatment of
focal hand dystonia in musicians alters somatosensory cortical organization. Proc Natl
Acad Sci U S A 2003; 100: 7942-6.

Cantello R, Rossi S, Varrasi C, Ulivelli M, Civardi C, Bartalini S, et al. Slow repetitive TMS
for drug-resistant epilepsy: clinical and EEG findings of a placebo-controlled trial.
Epilepsia 2007; 48: 366-74.

Castelnau P, Cif L, Valente EM, Vayssiere N, Hemm S, Gannau A, et al. Pallidal stimulation
improves pantothenate kinase-associated neurodegeneration. Ann Neurol 2005; 57:
738-41.

Catalan MJ, Honda M, Weeks RA, Cohen LG, Hallett M. The functional neuroanatomy of
simple and complex sequential finger movements: a PET study. Brain 1998; 121 ( Pt
2): 253-64.

Ceballos-Baumann AO, Passingham RE, Warner T, Playford ED, Marsden CD, Brooks DJ.
Overactive prefrontal and underactive motor cortical areas in idiopathic dystonia. Ann
Neurol 1995; 37: 363-72.

Ceballos-Baumann AO, Sheean G, Passingham RE, Marsden CD, Brooks DJ. Botulinum
toxin does not reverse the cortical dysfunction associated with writer's cramp. A PET
study. Brain 1997; 120 ( Pt 4): 571-82.

Centonze D, Koch G, Versace V, Mori F, Rossi S, Brusa L, et al. Repetitive transcranial
magnetic stimulation of the motor cortex ameliorates spasticity in multiple sclerosis.
Neurology 2007; 68: 1045-50.

144



Cimatti Z, Schwartz DP, Bourdain F, Meunier S, Bleton JP, Vidailhet M, et al. Time-
frequency analysis reveals decreased high-frequency oscillations in writer's cramp.
Brain 2007; 130: 198-205.

Cohen LG, Hallett M. Hand cramps: clinical features and electromyographic patterns in a
focal dystonia. Neurology 1988; 38: 1005-12.

Cohen LG, Hallett M, Geller BD, Hochberg F. Treatment of focal dystonias of the hand with
botulinum toxin injections. J Neurol Neurosurg Psychiatry 1989; 52: 355-63.

Cordes J, Falkai P, Guse B, Hasan A, Schneider-Axmann T, Arends M, et al. Repetitive
transcranial magnetic stimulation for the treatment of negative symptoms in residual
schizophrenia: rationale and design of a sham-controlled, randomized multicenter
study. Eur Arch Psychiatry Clin Neurosci 2009; 259 Suppl 2: S189-97.

Coubes P, Cif L, El Fertit H, Hemm S, Vayssiere N, Serrat S, et al. Electrical stimulation of
the globus pallidus internus in patients with primary generalized dystonia: long-term
results. J Neurosurg 2004; 101: 189-94.

Coubes P, Echenne B, Roubertie A, Vayssiere N, Tuffery S, Humbertclaude V, et al.
[Treatment of early-onset generalized dystonia by chronic bilateral stimulation of the
internal globus pallidus. Apropos of a case]. Neurochirurgie 1999; 45: 139-44.

Coubes P, Vayssiere N, El Fertit H, Hemm S, Cif L, Kienlen J, et al. Deep brain stimulation
for dystonia. Surgical technique. Stereotact Funct Neurosurg 2002; 78: 183-91.

Craig AD. How do you feel--now? The anterior insula and human awareness. Nat Rev
Neurosci 2009; 10: 59-70.

Delmaire C, Vidailhet M, Elbaz A, Bourdain F, Bleton JP, Sangla S, et al. Structural
abnormalities in the cerebellum and sensorimotor circuit in writer's cramp. Neurology
2007; 69: 376-80.

Dhaenens CM, Krystkowiak P, Douay X, Charpentier P, Bele S, Destee A, et al. Clinical and
genetic evaluation in a French population presenting with primary focal dystonia. Mov
Disord 2005; 20: 822-5.

Dinomais M, Minassian AT, Tuilier T, Delion M, Wilke M, N'Guyen S, et al. Functional MRI
comparison of passive and active movement: possible inhibitory role of supplementary
motor area. Neuroreport 2009.

Duchenne GdB. Spasme fonctionel et paralysies musculaires fonctionelles. Paris: Balliere,
1861.

Elbert T, Candia V, Altenmuller E, Rau H, Sterr A, Rockstroh B, et al. Alteration of digital
representations in somatosensory cortex in focal hand dystonia. Neuroreport 1998; 9:
3571-5.

Eltahawy HA, Feinstein A, Khan F, Saint-Cyr J, Lang AE, Lozano AM. Bilateral globus
pallidus internus deep brain stimulation in tardive dyskinesia: a case report. Mov
Disord 2004; 19: 969-72.

Ezquerra M, Campdelacreu J, Munoz E, Tolosa E, Marti MJ. A novel intronic mutation in the
DDP1 gene in a family with X-linked dystonia-deafness syndrome. Arch Neurol 2005;
62: 306-8.

Fahn S, Marsden, CD., Calne, DB. Classification and investigation of dystonia. In Marsden,
CD., Fahn. S. (Eds), Movement Disorders 2. London: Butterworths, 1987.

Filipovic SR, Ljubisavljevic M, Svetel M, Milanovic S, Kacar A, Kostic VS. Impairment of
cortical inhibition in writer's cramp as revealed by changes in electromyographic silent
period after transcranial magnetic stimulation. Neurosci Lett 1997; 222: 167-70.

Fiorio M, Tinazzi M, Aglioti SM. Selective impairment of hand mental rotation in patients
with focal hand dystonia. Brain 2006; 129: 47-54.

Fiorio M, Tinazzi M, Bertolasi L, Aglioti SM. Temporal processing of visuotactile and tactile
stimuli in writer's cramp. Ann Neurol 2003; 53: 630-5.

145



Fiorio M, Zhang W, Bresciani MC, Rodi G, Bertolasi L, Gambarin M, et al. Corticospinal
excitability during action observation in task-specific dystonia: a transcranial magnetic
stimulation study. Neuroscience 2010; 171: 117-24.

Floyer-Lea A, Matthews PM. Distinguishable brain activation networks for short- and long-
term motor skill learning. J Neurophysiol 2005; 94: 512-8.

Franzini A, Marras C, Ferroli P, Zorzi G, Bugiani O, Romito L, et al. Long-term high-
frequency bilateral pallidal stimulation for neuroleptic-induced tardive dystonia.
Report of two cases. J Neurosurg 2005; 102: 721-5.

Friston KJ, Fletcher P, Josephs O, Holmes A, Rugg MD, Turner R. Event-related fMRI:
characterizing differential responses. Neuroimage 1998; 7: 30-40.

Fuchs T, Gavarini S, Saunders-Pullman R, Raymond D, Ehrlich ME, Bressman SB, et al.
Mutations in the THAP1 gene are responsible for DYT6 primary torsion dystonia. Nat
Genet 2009; 41: 286-8.

Fukaya C, Katayama Y, Kano T, Nagaoka T, Kobayashi K, Oshima H, et al. Thalamic deep
brain stimulation for writer's cramp. J Neurosurg 2007; 107: 977-82.

Garraux G, Bauer A, Hanakawa T, Wu T, Kansaku K, Hallett M. Changes in brain anatomy
in focal hand dystonia. Ann Neurol 2004; 55: 736-9.

Gasser T, Bove CM, Ozelius LJ, Hallett M, Charness ME, Hochberg FH, et al. Haplotype
analysis at the DYT1 locus in Ashkenazi Jewish patients with occupational hand
dystonia. Mov Disord 1996; 11: 163-6.

Gasser T, Windgassen K, Bereznai B, Kabus C, Ludolph AC. Phenotypic expression of the
DYT1 mutation: a family with writer's cramp of juvenile onset. Ann Neurol 1998; 44:
126-8.

Goetz CG, Chmura TA, Lanska DJ. History of dystonia: part 4 of the MDS-sponsored history
of movement disorders exhibit, Barcelona, June, 2000. Mov Disord 2001; 16: 339-45.

Gowers W. A Manual of Diseases of the Nervous System, vol. 2. London: Churchill, 1888.

Groen JL, Ritz K, Contarino MF, van de Warrenburg BP, Aramideh M, Foncke EM, et al.
DYT6 dystonia: Mutation screening, phenotype, and response to deep brain
stimulation. Mov Disord 2010.

Guehl D, Cuny E, Ghorayeb I, Michelet T, Bioulac B, Burbaud P. Primate models of
dystonia. Prog Neurobiol 2009; 87: 118-31.

Halbig TD, Gruber D, Kopp UA, Schneider GH, Trottenberg T, Kupsch A. Pallidal
stimulation in dystonia: effects on cognition, mood, and quality of life. J Neurol
Neurosurg Psychiatry 2005; 76: 1713-6.

Hashimoto T, Elder CM, Okun MS, Patrick SK, Vitek JL. Stimulation of the subthalamic
nucleus changes the firing pattern of pallidal neurons. J Neurosci 2003; 23: 1916-23.

Havrankova P, Jech R, Roth J, Urgosik D, Ruzicka E. Beneficial effect of deep brain
stimulation of GPi in a patient with dystonia-deafness phenotype. Mov Disord 2009;
24: 465-6.

Havrankova P, Jech R, Walker ND, Operto G, Tauchmanova J, Vymazal J, et al. Repetitive
TMS of the somatosensory cortex improves writer's cramp and enhances cortical
activity. Neuro Endocrinol Lett 2010; 31: 21.

Hayes MW, Ouvrier RA, Evans W, Somerville E, Morris JG. X-linked Dystonia-Deafness
syndrome. Mov Disord 1998; 13: 303-8.

Hlustik P, Solodkin A, Gullapalli RP, Noll DC, Small SL. Somatotopy in human primary
motor and somatosensory hand representations revisited. Cereb Cortex 2001; 11: 312-
21.

Houlden H, Schneider SA, Paudel R, Melchers A, Schwingenschuh P, Edwards M, et al.
THAP1 mutations (DYTG6) are an additional cause of early-onset dystonia. Neurology
2010; 74: 846-50.

146



Hu XY, Wang L, Liu H, Zhang SZ. Functional magnetic resonance imaging study of writer's
cramp. Chin Med J (Engl) 2006; 119: 1263-71.

Huang YZ. The modulation of cortical motor circuits and spinal reflexes using theta burst
stimulation in healthy and dystonic subjects. Restor Neurol Neurosci 2010; 28: 449-
57.

Huang YZ, Rothwell JC, Lu CS, Wang J, Chen RS. Restoration of motor inhibition through
an abnormal premotor-motor connection in dystonia. Mov Disord 2010; 25: 689-96.

Hufnagel A, Elger CE. Responses of the epileptic focus to transcranial magnetic stimulation.
Electroencephalogr Clin Neurophysiol Suppl 1991; 43: 86-99.

Chakarov V, Hummel S, Losch F, Schulte-Monting J, Kristeva R. Handwriting performance
in the absence of visual control in writer's cramp patients: initial observations. BMC
Neurol 2006; 6: 14.

Chen R, Classen J, Gerloff C, Celnik P, Wassermann EM, Hallett M, et al. Depression of
motor cortex excitability by low-frequency transcranial magnetic stimulation.
Neurology 1997a; 48: 1398-403.

Chen R, Gerloff C, Classen J, Wassermann EM, Hallett M, Cohen LG. Safety of different
inter-train  intervals for repetitive transcranial magnetic stimulation and
recommendations for safe ranges of stimulation parameters. Electroencephalogr Clin
Neurophysiol 1997b; 105: 415-21.

Cho CB, Park HK, Lee KJ, Rha HK. Thalamic Deep Brain Stimulation for Writer's Cramp. J
Korean Neurosurg Soc 2009; 46: 52-5.

Ibanez V, Sadato N, Karp B, Deiber MP, Hallett M. Deficient activation of the motor cortical
network in patients with writer's cramp. Neurology 1999; 53: 96-105.

Islam T, Kupsch A, Bruhn H, Scheurig C, Schmidt S, Hoffmann KT. Decreased bilateral
cortical representation patterns in writer's cramp: a functional magnetic resonance
imaging study at 3.0 T. Neurol Sci 2009; 30: 219-26.

Jaffard M, Longcamp M, Velay JL, Anton JL, Roth M, Nazarian B, et al. Proactive inhibitory
control of movement assessed by event-related fMRI. Neuroimage 2008; 42: 1196-
206.

Jankovic J. Can peripheral trauma induce dystonia and other movement disorders? Yes! Mov
Disord 2001; 16: 7-12.

Jankovic J, Vuong KD, Ahsan J. Comparison of efficacy and immunogenicity of original
versus current botulinum toxin in cervical dystonia. Neurology 2003; 60: 1186-8.

Jech R. Technické parametry transkranidlni magnetické stimulace. In: Bares M, Dufek J,
Kanovsky P.: Transkranialni magnetickd stimulace. Brno: Nérodni centrum
oSetfovatelstvi a nelékatskych zdravotnickych obort

2003: p. 41 - 54,

Jech R, Bares M, Krepelova A, Urgosik D, Havrankova P, Ruzicka E. DYT 6-A novel
THAP1 mutation with excellent effect on pallidal DBS. Mov Disord 2011.

Jech R, Bares M, Urgosik D, Cerna O, Klement P, Adamovicova M, et al. Deep brain
stimulation in acute management of status dystonicus. Mov Disord 2009; 24: 2291-2.

Jech R, Urgosik D, Tintera J, Nebuzelsky A, Krasensky J, Liscak R, et al. Functional
magnetic resonance imaging during deep brain stimulation: a pilot study in four
patients with Parkinson's disease. Mov Disord 2001; 16: 1126-32.

Jin H, May M, Tranebjaerg L, Kendall E, Fontan G, Jackson J, et al. A novel X-linked gene,
DDP, shows mutations in families with deafness (DFN-1), dystonia, mental deficiency
and blindness. Nat Genet 1996; 14: 177-80.

Kamm C, Naumann M, Mueller J, Mai N, Riedel L, Wissel J, et al. The DYT1 GAG deletion
is infrequent in sporadic and familial writer' s cramp. Mov Disord 2000; 15: 1238-41.

147



Kanovsky P. Dystonia: a disorder of motor programming or motor execution? Mov Disord
2002; 17: 1143-7.

Kanovsky P. Dystonie : mechanismy, diagnostika a terapie. Praha: Galén, 1999.

Kanovsky P. Princip transkranidlni magnetické stimulace: neurondlni substrat magnetické
stimulace mozkového kortexu. Zakladni mechanismy magnetické stimulace. Bares M,
Dufek J, Kanovsky P.: Transkranialni magneticka stimulace. Brnov: Narodni centrum
oSetfovatelstvi a nelékaiskych zdravotnickych obort, 2003: p. 26 - 33.

Kasess CH, Windischberger C, Cunnington R, Lanzenberger R, Pezawas L, Moser E. The
suppressive influence of SMA on M1 in motor imagery revealed by fMRI and
dynamic causal modeling. Neuroimage 2008; 40: 828-37.

Katchen M, Duvoisin RC. Parkinsonism following dystonia in three patients. Mov Disord
1986; 1: 151-7.

Katz RT, Williams C. Focal dystonia following soft tissue injury: three case reports with
long-term outcome. Arch Phys Med Rehabil 1990; 71: 345-9.

Khedr EM, Hamed E, Said A, Basahi J. Handedness and language cerebral lateralization. Eur
J Appl Physiol 2002; 87: 469-73.

Killackey HP, Gould HJ, 3rd, Cusick CG, Pons TP, Kaas JH. The relation of corpus callosum
connections to architectonic fields and body surface maps in sensorimotor cortex of
new and old world monkeys. J Comp Neurol 1983; 219: 384-419.

Knecht S, Ellger T, Breitenstein C, Bernd Ringelstein E, Henningsen H. Changing cortical
excitability with low-frequency transcranial magnetic stimulation can induce sustained
disruption of tactile perception. Biol Psychiatry 2003; 53: 175-9.

Knecht S, Kunesch E, Schnitzler A. Parallel and serial processing of haptic information in
man: effects of parietal lesions on sensorimotor hand function. Neuropsychologia
1996; 34: 669-87.

Koehler CM, Leuenberger D, Merchant S, Renold A, Junne T, Schatz G. Human deafness
dystonia syndrome is a mitochondrial disease. Proc Natl Acad Sci U S A 1999; 96:
2141-6.

Kosel M, Sturm V, Frick C, Lenartz D, Zeidler G, Brodesser D, et al. Mood improvement
after deep brain stimulation of the internal globus pallidus for tardive dyskinesia in a
patient suffering from major depression. J Psychiatr Res 2007; 41: 801-3.

Krause M, Fogel W, Tronnier V, Pohle S, Hortnagel K, Thyen U, et al. Long-term benefit to
pallidal deep brain stimulation in a case of dystonia secondary to pantothenate kinase-
associated neurodegeneration. Mov Disord 2006; 21: 2255-7.

Krauss JK. Deep brain stimulation for dystonia in adults. Overview and developments.
Stereotact Funct Neurosurg 2002; 78: 168-82.

Krauss JK, Pohle T, Weber S, Ozdoba C, Burgunder JM. Bilateral stimulation of globus
pallidus internus for treatment of cervical dystonia. Lancet 1999; 354: 837-8.

Kreisel SH, Binder J, Wohrle JC, Krauss JK, Hofmann S, Bauer MF, et al. Dystonia in the
Mohr-Tranebjaerg syndrome responds to GABAergic substances. Mov Disord 2004;
19:1241-3.

Kupsch A, Benecke R, Muller J, Trottenberg T, Schneider GH, Poewe W, et al. Pallidal deep-
brain stimulation in primary generalized or segmental dystonia. N Engl J Med 2006;
355:1978-90.

Kurtis MM, San Luciano M, Yu Q, Goodman RR, Ford B, Raymond D, et al. Clinical and
neurophysiological improvement of SGCE myoclonus-dystonia with GPi deep brain
stimulation. Clin Neurol Neurosurg 2010; 112: 149-52.

Lee JY, Deogaonkar M, Rezai A. Deep brain stimulation of globus pallidus internus for
dystonia. Parkinsonism Relat Disord 2007; 13: 261-5.

148



Lefaucheur JP. The use of repetitive transcranial magnetic stimulation (rTMS) in chronic
neuropathic pain. Neurophysiol Clin 2006; 36: 117-24.

Lefaucheur JP. Use of repetitive transcranial magnetic stimulation in pain relief. Expert Rev
Neurother 2008; 8: 799-808.

Leo RJ, Latif T. Repetitive transcranial magnetic stimulation (rTMS) in experimentally
induced and chronic neuropathic pain: a review. J Pain 2007; 8: 453-9.

Lerner A, Shill H, Hanakawa T, Bushara K, Goldfine A, Hallett M. Regional cerebral blood
flow correlates of the severity of writer's cramp symptoms. Neuroimage 2004; 21:
904-13.

Levy LM, Hallett M. Impaired brain GABA in focal dystonia. Ann Neurol 2002; 51: 93-101.

Lundquist P, Backlund EO, Sjoqvist L, Thoumas KA, Wigstrom L, Brismar T. Clinical
application of functional magnetic resonance imaging (fMRI) to surgery in the brain. J
Neuroimaging 1997; 7: 131-3.

Mantovani A, Lisanby SH, Pieraccini F, Ulivelli M, Castrogiovanni P, Rossi S. Repetitive
transcranial magnetic stimulation (rTMS) in the treatment of obsessive-compulsive
disorder (OCD) and Tourette's syndrome (TS). Int J Neuropsychopharmacol 2006; 9:
95-100.

Marsden CD, Sheehy MP. Writer's cramp. Trends Neurosci 1990; 13: 148-53.

McAllister SM, Rothwell JC, Ridding MC. Selective modulation of intracortical inhibition by
low-intensity Theta Burst Stimulation. Clin Neurophysiol 2009; 120: 820-6.

McKenzie AL, Goldman S, Barrango C, Shrime M, Wong T, Byl N. Differences in physical
characteristics and response to rehabilitation for patients with hand dystonia:
musicians' cramp compared to writers' cramp. J Hand Ther 2009; 22: 172-81; quiz
182.

Meunier S, Garnero L, Ducorps A, Mazieres L, Lehericy S, du Montcel ST, et al. Human
brain mapping in dystonia reveals both endophenotypic traits and adaptive
reorganization. Ann Neurol 2001; 50: 521-7.

Mima T, Sadato N, Yazawa S, Hanakawa T, Fukuyama H, Yonekura Y, et al. Brain structures
related to active and passive finger movements in man. Brain 1999; 122 ( Pt 10):
1989-97.

Mohr J, Mageroy K. Sex-linked deafness of a possibly new type. Acta Genet Stat Med 1960;
10: 54-62.

Muller J, Wissel J, Masuhr F, Ebersbach G, Wenning GK, Poewe W. Clinical characteristics
of the geste antagoniste in cervical dystonia. J Neurol 2001; 248: 478-82.

Murase N, Kaji R, Shimazu H, Katayama-Hirota M, lkeda A, Kohara N, et al. Abnormal
premovement gating of somatosensory input in writer's cramp. Brain 2000; 123 ( Pt
9): 1813-29.

Murase N, Rothwell JC, Kaji R, Urushihara R, Nakamura K, Murayama N, et al.
Subthreshold low-frequency repetitive transcranial magnetic stimulation over the
premotor cortex modulates writer's cramp. Brain 2005; 128: 104-15.

Nachev P, Kennard C, Husain M. Functional role of the supplementary and pre-
supplementary motor areas. Nat Rev Neurosci 2008; 9: 856-69.

Nakashima K, Rothwell JC, Day BL, Thompson PD, Shannon K, Marsden CD. Reciprocal
inhibition between forearm muscles in patients with writer's cramp and other
occupational cramps, symptomatic hemidystonia and hemiparesis due to stroke. Brain
1989; 112 ( Pt 3): 681-97.

Nelson AJ, Blake DT, Chen R. Digit-specific aberrations in the primary somatosensory cortex
in Writer's cramp. Ann Neurol 2009; 66: 146-54.

149



Newton JM, Sunderland A, Gowland PA. fMRI signal decreases in ipsilateral primary motor
cortex during unilateral hand movements are related to duration and side of
movement. Neuroimage 2005; 24: 1080-7.

Odergren T, Stone-Elander S, Ingvar M. Cerebral and cerebellar activation in correlation to
the action-induced dystonia in writer's cramp. Mov Disord 1998; 13: 497-508.

Oga T, Honda M, Toma K, Murase N, Okada T, Hanakawa T, et al. Abnormal cortical
mechanisms of voluntary muscle relaxation in patients with writer's cramp: an fMRI
study. Brain 2002; 125: 895-903.

Ogawa S, Lee TM, Kay AR, Tank DW. Brain magnetic resonance imaging with contrast
dependent on blood oxygenation. Proc Natl Acad Sci U S A 1990; 87: 9868-72.
Panizza ME, Hallett M, Nilsson J. Reciprocal inhibition in patients with hand cramps.

Neurology 1989; 39: 85-9.

Parkin S, Aziz T, Gregory R, Bain P. Bilateral internal globus pallidus stimulation for the
treatment of spasmodic torticollis. Mov Disord 2001; 16: 489-93.

Paus T. Primate anterior cingulate cortex: where motor control, drive and cognition interface.
Nat Rev Neurosci 2001; 2: 417-24.

Peller M, Zeuner KE, Munchau A, Quartarone A, Weiss M, Knutzen A, et al. The basal
ganglia are hyperactive during the discrimination of tactile stimuli in writer's cramp.
Brain 2006; 129: 2697-708.

Penny WD, Stephan KE, Mechelli A, Friston KJ. Comparing dynamic causal models.
Neuroimage 2004; 22: 1157-72.

Pillon B, Ardouin C, Dujardin K, Vittini P, Pelissolo A, Cottencin O, et al. Preservation of
cognitive function in dystonia treated by pallidal stimulation. Neurology 2006; 66:
1556-8.

Pizzuti A, Fabbrini G, Salehi L, Vacca L, Inghilleri M, Dallapiccola B, et al. Focal dystonia
caused by Mohr-Tranebjaerg syndrome with complete deletion of the DDP1 gene.
Neurology 2004; 62: 1021-2.

Pleger B, Blankenburg F, Bestmann S, Ruff CC, Wiech K, Stephan KE, et al. Repetitive
transcranial magnetic stimulation-induced changes in sensorimotor coupling parallel
improvements of somatosensation in humans. J Neurosci 2006; 26: 1945-52.

Pohl C, Happe J, Klockgether T. Cooling improves the writing performance of patients with
writer's cramp. Mov Disord 2002; 17: 1341-4.

Pons TP, Kaas JH. Corticocortical connections of area 2 of somatosensory cortex in macaque
monkeys: a correlative anatomical and electrophysiological study. J Comp Neurol
1986; 248: 313-35.

Preibisch C, Berg D, Hofmann E, Solymosi L, Naumann M. Cerebral activation patterns in
patients with writer's cramp: a functional magnetic resonance imaging study. J Neurol
2001; 248: 10-7.

Procaccio V, Salazar G, Ono S, Styers ML, Gearing M, Davila A, et al. A mutation of beta -
actin that alters depolymerization dynamics is associated with autosomal dominant
developmental malformations, deafness, and dystonia. Am J Hum Genet 2006; 78:
947-60.

Prodoehl J, Corcos DM, Vaillancourt DE. Effects of focal hand dystonia on visually guided
and internally guided force control. J Neurol Neurosurg Psychiatry 2006; 77: 909-14.

Pujol J, Roset-Llobet J, Rosines-Cubells D, Deus J, Narberhaus B, Valls-Sole J, et al. Brain
cortical activation during guitar-induced hand dystonia studied by functional MRI.
Neuroimage 2000; 12: 257-67.

Quartarone A, Morgante F, Sant'angelo A, Rizzo V, Bagnato S, Terranova C, et al. Abnormal
plasticity of sensorimotor circuits extends beyond the affected body part in focal
dystonia. J Neurol Neurosurg Psychiatry 2008; 79: 985-90.

150



Quartarone A, Rizzo V, Bagnato S, Morgante F, Sant'‘Angelo A, Romano M, et al.
Homeostatic-like plasticity of the primary motor hand area is impaired in focal hand
dystonia. Brain 2005; 128: 1943-50.

Quartarone A, Siebner HR, Rothwell JC. Task-specific hand dystonia: can too much plasticity
be bad for you? Trends Neurosci 2006; 29: 192-9.

Ragert P, Becker M, Tegenthoff M, Pleger B, Dinse HR. Sustained increase of somatosensory
cortex excitability by 5 Hz repetitive transcranial magnetic stimulation studied by
paired median nerve stimulation in humans. Neurosci Lett 2004; 356: 91-4.

Reddy H, Floyer A, Donaghy M, Matthews PM. Altered cortical activation with finger
movement after peripheral denervation: comparison of active and passive tasks. Exp
Brain Res 2001; 138: 484-91.

Reilly JA, Hallett M, Cohen LG, Tarkka IM, Dang N. The N30 component of somatosensory
evoked potentials in patients with dystonia. Electroencephalogr Clin Neurophysiol
1992; 84: 243-7.

Ridding MC, Sheean G, Rothwell JC, Inzelberg R, Kujirai T. Changes in the balance between
motor cortical excitation and inhibition in focal, task specific dystonia. J Neurol
Neurosurg Psychiatry 1995; 59: 493-8.

Ritz K, Groen JL, Kruisdijk JJ, Baas F, Koelman JH, Tijssen MA. Screening for dystonia
genes DYTL, 11 and 16 in patients with writer's cramp. Mov Disord 2009; 24: 1390-2.

Roesch K, Curran SP, Tranebjaerg L, Koehler CM. Human deafness dystonia syndrome is
caused by a defect in assembly of the DDP1/TIMM8a-TIMM13 complex. Hum Mol
Genet 2002; 11: 477-86.

Rosenbaum F, Jankovic J. Focal task-specific tremor and dystonia: categorization of
occupational movement disorders. Neurology 1988; 38: 522-7.

Rosenkranz K, Williamon A, Butler K, Cordivari C, Lees AJ, Rothwell JC.
Pathophysiological differences between musician's dystonia and writer's cramp. Brain
2005; 128: 918-31.

Rossi S, De Capua A, Ulivelli M, Bartalini S, Falzarano V, Filippone G, et al. Effects of
repetitive transcranial magnetic stimulation on chronic tinnitus: a randomised,
crossover, double blind, placebo controlled study. J Neurol Neurosurg Psychiatry
2007; 78: 857-63.

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

Rossi S, Miniussi C, Pasqualetti P, Babiloni C, Rossini PM, Cappa SF. Age-related functional
changes of prefrontal cortex in long-term memory: a repetitive transcranial magnetic
stimulation study. J Neurosci 2004; 24: 7939-44.

Roze E, Navarro S, Cornu P, Welter ML, Vidailhet M. Deep brain stimulation of the globus
pallidus for generalized dystonia in GM1 Type 3 gangliosidosis: technical case report.
Neurosurgery 2006; 59: E1340; discussion E1340.

Roze E, Soumare A, Pironneau I, Sangla S, de Cock VC, Teixeira A, et al. Case-control study
of writer's cramp. Brain 2009; 132: 756-64.

Rutten GJ, Ramsey NF, van Rijen PC, Alpherts WC, van Veelen CW. FMRI-determined
language lateralization in patients with unilateral or mixed language dominance
according to the Wada test. Neuroimage 2002; 17: 447-60.

Rizicka E, Roth J, Kanovsky P. Extrapyramidova onemocnéni. 1, Parkinsonova nemoc a
parkinsonské syndromy. Praha: Galén, 2000.

Sandrini M, Cappa SF, Rossi S, Rossini PM, Miniussi C. The role of prefrontal cortex in
verbal episodic memory: rTMS evidence. J Cogn Neurosci 2003; 15: 855-61.

151



Sanger TD, Pascual-Leone A, Tarsy D, Schlaug G. Nonlinear sensory cortex response to
simultaneous tactile stimuli in writer's cramp. Mov Disord 2002; 17: 105-11.

Sanger TD, Tarsy D, Pascual-Leone A. Abnormalities of spatial and temporal sensory
discrimination in writer's cramp. Mov Disord 2001; 16: 94-9.

Sanghera MK, Grossman RG, Kalhorn CG, Hamilton WJ, Ondo WG, Jankovic J. Basal
ganglia neuronal discharge in primary and secondary dystonia in patients undergoing
pallidotomy. Neurosurgery 2003; 52: 1358-70; discussion 1370-3.

Satow T, Mima T, Yamamoto J, Oga T, Begum T, Aso T, et al. Short-lasting impairment of
tactile perception by 0.9Hz-rTMS of the sensorimotor cortex. Neurology 2003; 60:
1045-7.

Sediva A, Smith CI, Asplund AC, Hadac J, Janda A, Zeman J, et al. Contiguous X-
chromosome deletion syndrome encompassing the BTK, TIMM8A, TAF7L, and
DRP2 genes. J Clin Immunol 2007; 27: 640-6.

Sheehy MP, Marsden CD. Writers' cramp-a focal dystonia. Brain 1982; 105 (Pt 3): 461-80.

Schneider AS, Baur B, Furholzer W, Jasper I, Marquardt C, Hermsdorfer J. Writing
kinematics and pen forces in writer's cramp: effects of task and clinical subtype. Clin
Neurophysiol 2010; 121: 1898-907.

Schneider SA, Bhatia KP. Dystonia in the Woodhouse Sakati syndrome: A new family and
literature review. Mov Disord 2008; 23: 592-6.

Siebner HR, Filipovic SR, Rowe JB, Cordivari C, Gerschlager W, Rothwell JC, et al. Patients
with focal arm dystonia have increased sensitivity to slow-frequency repetitive TMS
of the dorsal premotor cortex. Brain 2003; 126: 2710-25.

Siebner HR, Tormos JM, Ceballos-Baumann AO, Auer C, Catala MD, Conrad B, et al. Low-
frequency repetitive transcranial magnetic stimulation of the motor cortex in writer's
cramp. Neurology 1999; 52: 529-37.

Sitburana O, Jankovic J. Focal hand dystonia, mirror dystonia and motor overflow. J Neurol
Sci 2008; 266: 31-3.

Sitburana O, Wu LJ, Sheffield JK, Davidson A, Jankovic J. Motor overflow and mirror
dystonia. Parkinsonism Relat Disord 2009; 15: 758-61.

Sohn YH, Jung HY, Kaelin-Lang A, Hallett M. Excitability of the ipsilateral motor cortex
during phasic voluntary hand movement. Exp Brain Res 2003; 148: 176-85.

Starr PA, Turner RS, Rau G, Lindsey N, Heath S, Volz M, et al. Microelectrode-guided
implantation of deep brain stimulators into the globus pallidus internus for dystonia:
techniques, electrode locations, and outcomes. Neurosurg Focus 2004; 17: E4.

Stinear CM, Byblow WD. Impaired modulation of corticospinal excitability following
subthreshold rTMS in focal hand dystonia. Hum Mov Sci 2004; 23: 527-38.

Swerdlow RH, Wooten GF. A novel deafness/dystonia peptide gene mutation that causes
dystonia in female carriers of Mohr-Tranebjaerg syndrome. Ann Neurol 2001; 50:
537-40.

Tanji J. Sequential organization of multiple movements: involvement of cortical motor areas.
Annu Rev Neurosci 2001; 24: 631-51.

Tarsy D. Deep-brain stimulation for dystonia: new twists in assessment. Lancet Neurol 2007;
6:201-2.

Tarsy D. Deep brain stimulation in neurological and psychiatric disorders. Totowa, NJ:
Humana Press, 2008.

Teepker M, Hotzel J, Timmesfeld N, Reis J, Mylius V, Haag A, et al. Low-frequency rTMS
of the vertex in the prophylactic treatment of migraine. Cephalalgia 20009.

Tegenthoff M, Ragert P, Pleger B, Schwenkreis P, Forster AF, Nicolas V, et al. Improvement
of tactile discrimination performance and enlargement of cortical somatosensory maps
after 5 Hz rTMS. PLoS Biol 2005; 3: e362.

152



Tempel LW, Perlmutter JS. Abnormal cortical responses in patients with writer's cramp.
Neurology 1993; 43: 2252-7.

Tinazzi M, Farina S, Bhatia K, Fiaschi A, Moretto G, Bertolasi L, et al. TENS for the
treatment of writer's cramp dystonia: a randomized, placebo-controlled study.
Neurology 2005; 64: 1946-8.

Tinazzi M, Priori A, Bertolasi L, Frasson E, Mauguiere F, Fiaschi A. Abnormal central
integration of a dual somatosensory input in dystonia. Evidence for sensory overflow.
Brain 2000; 123 ( Pt 1): 42-50.

Tinazzi M, Rosso T, Fiaschi A. Role of the somatosensory system in primary dystonia. Mov
Disord 2003; 18: 605-22.

Tranebjaerg L, Hamel BC, Gabreels FJ, Renier WO, Van Ghelue M. A de novo missense
mutation in a critical domain of the X-linked DDP gene causes the typical deafness-
dystonia-optic atrophy syndrome. Eur J Hum Genet 2000a; 8: 464-7.

Tranebjaerg L, Jensen PK, van Ghelue M. X-linked recessive deafness-dystonia syndrome
(Mohr-Tranebjaerg syndrome). Adv Otorhinolaryngol 2000b; 56: 176-80.

Tranebjaerg L, Schwartz C, Eriksen H, Andreasson S, Ponjavic V, Dahl A, et al. A new X
linked recessive deafness syndrome with blindness, dystonia, fractures, and mental
deficiency is linked to Xg22. J Med Genet 1995; 32: 257-63.

Treede RD, Kenshalo DR, Gracely RH, Jones AK. The cortical representation of pain. Pain
1999; 79: 105-11.

Tsakiris M, Hesse MD, Boy C, Haggard P, Fink GR. Neural signatures of body ownership: a
sensory network for bodily self-consciousness. Cereb Cortex 2007; 17: 2235-44.

Tsui JKC, Calne DB. Handbook of dystonia. New York [etc.]: Marcel Dekker, 1995.

Ujike H, Tanabe Y, Takehisa Y, Hayabara T, Kuroda S. A family with X-linked dystonia-
deafness syndrome with a novel mutation of the DDP gene. Arch Neurol 2001; 58:
1004-7.

Umemura A, Jaggi JL, Dolinskas CA, Stern MB, Baltuch GH. Pallidal deep brain stimulation
for longstanding severe generalized dystonia in Hallervorden-Spatz syndrome. Case
report. J Neurosurg 2004; 100: 706-9.

van den Bos M, Marotta R, Goldup S, Chataway T, Firgaira F, Thyagarajan D. Writer's cramp
in an Australian pedigree with DYT1 dystonia. J Clin Neurosci 2004; 11: 537-9.

Van Gerpen JA, Ledoux MS, Wszolek ZK. Adult-onset leg dystonia due to a missense
mutation in THAP1. Mov Disord 2010; 25: 1306-7.

Vidailhet M, Grabli D, Roze E. Pathophysiology of dystonia. Curr Opin Neurol 2009; 22:
406-13.

Vidailhet M, Vercueil L, Houeto JL, Krystkowiak P, Benabid AL, Cornu P, et al. Bilateral
deep-brain stimulation of the globus pallidus in primary generalized dystonia. N Engl
J Med 2005; 352: 459-67.

Vidailhet M, Vercueil L, Houeto JL, Krystkowiak P, Lagrange C, Yelnik J, et al. Bilateral,
pallidal, deep-brain stimulation in primary generalised dystonia: a prospective 3 year
follow-up study. Lancet Neurol 2007; 6: 223-9.

Vitek JL. Pathophysiology of dystonia: a neuronal model. Mov Disord 2002; 17 Suppl 3: S49-
62.

Vitek JL, Zhang J, Evatt M, Mewes K, DeLong MR, Hashimoto T, et al. GPi pallidotomy for
dystonia: clinical outcome and neuronal activity. Adv Neurol 1998; 78: 211-9.
Volkmann J, Benecke R. Deep brain stimulation for dystonia: patient selection and

evaluation. Mov Disord 2002; 17 Suppl 3: S112-5.

Weiller C, Juptner M, Fellows S, Rijntjes M, Leonhardt G, Kiebel S, et al. Brain
representation of active and passive movements. Neuroimage 1996; 4: 105-10.

153



Werhahn KJ, Kunesch E, Noachtar S, Benecke R, Classen J. Differential effects on
motorcortical inhibition induced by blockade of GABA uptake in humans. J Physiol
1999; 517 ( Pt 2): 591-7.

Wu CC, Fairhall SL, McNair NA, Hamm JP, Kirk 1J, Cunnington R, et al. Impaired
sensorimotor integration in focal hand dystonia patients in the absence of symptoms. J
Neurol Neurosurg Psychiatry 2009.

Zeuner KE, Bara-Jimenez W, Noguchi PS, Goldstein SR, Dambrosia JM, Hallett M. Sensory
training for patients with focal hand dystonia. Ann Neurol 2002; 51: 593-8.

Zeuner KE, Hallett M. Sensory training as treatment for focal hand dystonia: a 1-year follow-
up. Mov Disord 2003; 18: 1044-7.

Zeuner KE, Peller M, Knutzen A, Hallett M, Deuschl G, Siebner HR. Motor re-training does
not need to be task specific to improve writer's cramp. Mov Disord 2008; 23: 2319-27.

Zeuner KE, Shill HA, Sohn YH, Molloy FM, Thornton BC, Dambrosia JM, et al. Motor
training as treatment in focal hand dystonia. Mov Disord 2005; 20: 335-41.

Zittel S, Moll CK, Bruggemann N, Tadic V, Hamel W, Kasten M, et al. Clinical
neuroimaging and electrophysiological assessment of three DYT6 dystonia families.
Mov Disord 2010.

154



