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Anotace

Pickladana habilita¢ni prace je komentovanym souborem 17 in extenso originalnich ¢lanka
publikovanych v letech 2003 — 2016 a je orientovana na §ir§i problematiku kognitivnich
funkei U dvou nejvyznamnéjSich neuropsychiatrickych onemocnéni, schizofrenie a depresivni
poruchy, anajednu z moznosti jejich ovlivnéni — neuromodulace pomoci repetitivni

transkranialni magnetické stimulace (rTMS).

Ve své vyzkumné ¢innosti jsem se nejdiive zabyvala problematikou naruseni kognitivnich
funkei u schizofrenie — nejprve presnym zmapovanim profilu naruseni kognitivnich funkci —
kognitivniho deficitu, jeho dynamikou v ¢ase, hledanim souvislosti mezi naruSenymi
kognitivnimi funkcemi a hladinami stresového hormonu (kortizolu). Vysledky téchto studii
avyzkumi  jsou prezentovany v kapitole 2, kde jsou shrnuty formou komentaid

k publikovanym ¢lanktm.

Dale jsem se zaméfila na problematiku naruSeni kognitivnich funkci u depresivni poruchy,
coz byla problematika ve své dobé celkem neznama apfili§ neprobadana. Zde jsem
se také snazila nejprve zmapovat profil kognitivniho deficitu  anasledné¢ jeho
dynamiku - i v obdobi remise, tedy v obdobi bez klinickych pfiznaki depresivni poruchy.

Vysledky téchto vyzkumnych studii jsou ptedlozeny v kapitole 3.

V kapitole 4 jsou prezentovany vysledky vyzkumné prace, ktera se pokusila o srovnani

profilu kognitivniho naruseni u schizofrenie a depresivni poruchy.

Nasledné jsem se ve sveé ,védecké kariéfe* zaméfila na moznosti ovlivnéni kognitivniho
deficitu nefarmakologickou cestou a to pomoci neuropsychologickych postupi (kapitola 5)
a také na modulaci kognitivnich funkci pomoci repetitivni transkranialni magnetické
stimulace (kapitola 6), tehdy v roce 2003 nového pfistroje, ktery ziskala Psychiatricka klinika
LF MU a FN Brno jako prvni z psychiatrickych zatizeni v Ceské republice. Vysledky téchto

vyzkumu jsou shrnuty v kapitole 7 a 8 této habilita¢ni prace.



Annotation

The habilitation thesis is a collection of 17 original in extenso articles published between
2003 and 2016, provided with a commentary. The articles are focused on the broad subject
of cognitive functioning intwo most serious neuropsychiatric disorders — schizophrenia
and major depressive disorder (MDD) — with anemphasis on the treatment potential

of neuromodulation, specifically repetitive transcranial magnetic stimulation (rTMS).

Initially, my academic interest was concerned with the area of cognitive impairment
in schizophrenia, in particular onacomprehensive mapping of cognitive functions®
impairment, that is of cognitive deficiency, its fluctuation and connection to stress hormone,
cortisol, levels. Results of thisresearch andsurveys are prensented in chapter

2 as commentary to published articles.

| also focused on cognitive impairment in major depressive disorder (MDD), a fairly
unknown and rarely studied issue at that time. There, | also concentrated on the cognitive
funtions® profile mapping and its fluctuation even in remission phase — the phase when
no clinical manifestations of depressive symptoms occur. Results of these studies

are presented in chapter 3.

Chapter 4 then provides asummary of the research that attempted to compare cognitive

impairment profiles in schizophrenia and MDD.

Then, my academic interest shifted to the research of non-pharmacological treatment
of cognitive impairment by means of neuropsychological methods (see chapter 5)
and by cognitive functions‘ modulation using transcranial magnetic stimulation (see chapter
6). In 2003, the year when the research was initiated, rTMS device was a new instrument
and Department of Psychiatry of University Hospital in Brno was the first psychiatric facility
toown such device inthe Czech Republic. Results of thisresearch are summarized

in chapters 7 and 8 of the habilitation thesis.



1 Uvod

wewvr

Vyznamné ovliviiuji celou osobnost nemocného, jeho kognitivni fungovani, pracovni
I socialni zaélenéni do spole¢nosti. Jejich jednoznac¢né piiciny nejsou, 1 pies usilovnou snahu
odbornikli, dosud pfesné¢ znamy. To, cOmaji védci zabyvajici se témito zavaznymi
psychickymi poruchami v rukou, je mnozstvi korelatd spojenych s témito onemocnénimi.
Poruchy poznavacich, tedy kognitivnich funkci, patii jednozna¢né k jedném

z nejzékladnéjsich korelati téchto dvou neuropsychiatrickych onemocnéni.

Problematika kognitivnich funkci u schizofrenniho onemocnéni se dostala do popiedi zajmu
neuropsychologického a neuropsychiatrického vyzkumu nakonci 20. stoleti a na zacatku
naSeho stoleti. Diky provedenym vyzkumim a studiim se ukdzalo, Ze narusSeni kognitivnich
funkci, tedy kognitivni deficit, vyznamné ovliviiuje bézny zivot nemocnych, zptsobuje jejich
socialni i pracovni selhavani. Diky studiim, které Sse nazmapovani profilu adynamiky
kognitivniho naruSeni U schizofrenie zamétovaly, Se ¢astecné podafilo blizeji prozkoumat
podstatu a specificnost kognitivniho deficitu u schizofrenie atyto prace tak pfispély
K hlubsimu pochopeni samotného schizofrenniho onemocnéni ak vytvareni zacilenych
a efektivngjSich programti jeho napravy arehabilitace (napf. pocitacova rehabilitace

kognitivnich funkci u nemocnych se schizofrenii).

Problematika naruseni kognitivnich funkei u jedinci trpicich depresivni poruchou se dostala
do popiedi zajmu vyzkumu odbornikti vyrazné¢ pozdéji, neztomu bylo u schizofrenie.
Ptitomnost naruseni kognitivnich funkci u depresivni poruchy je v soucasnosti jednoznacné
potvrzena, dokonce se ukazalo, ze jisté naruseni kognitivnich funkci pfetrvava u nemocnych

i v dobé, kdy jiz z klinického, lékatského pohledu jsou bez ptiznakt deprese, tedy v remisi.

Hodnoceni urovné kognitivnich funkci unemocnych se schizofrenii se v dneSni dobé
povazuje za standard a mélo by byt béznou soucasti klinického psychologického vysetfeni,
zejména U pacientll s prvni epizodou schizofrenniho onemocnéni, zatimco U depresivni
poruchy byvaji kognitivni funkce hodnoceny stdle spiSe vyjimecné asamotné vysetieni
kognitivnich funkci u depresivni poruchy je stale povazovano za néco ,,nadstandardniho®.

Je to pomérné pickvapivé, zvlasté kdyz si uvédomime, Ze napiiklad méfeni poruch paméti
je svym zptsobem objektivnéjsi nez posuzovani jinych vyznamnych symptomu deprese jako

jsou poruchy spanku ¢i samotna zavaznost depresivni poruchy. Kromé toho je kognitivni



deficit pravdépodobné jednim z kli¢ovych faktord, od kterého se odviji schopnost socialniho

fungovani nemocnych a tim i doba navratu do zaméstnani.

U obou vyse zminovanych neuropsychiatrickych onemocnéni, tedy schizofrenie a depresivni
poruchy, je nezpochybnitelné ajednoznaéné¢ primarnim 1éfebnym piistupem 1é¢ba
psychofarmaky (vyjma velmi lehké deprese, kde mize postacovat kvalitné a odborné vedena
psychoterapie). Z odborné literatury ale vime, ze i nejmodernéjsi psychofarmaka nebyla
anejsou pii ovliviiovani kognitivniho deficitu vzdy tak u¢inna, jak bychom potiebovali,

a tak se hledali a stale hledaji i jiné moznosti ovlivnéni kognitivniho deficitu u nemocnych.

Stimulaéni metody maji v 1éEbé zavaznych psychickych poruch dlouholetou tradici.
Elektrokonvulzivni terapie je jedna z nejstarSich, nejvice u¢inna auziva se v psychiatrické
praxi dodnes. Srozvojem znalosti 0 neurobiologii psychickych poruch a poznatkem,
ze duSevni poruchy jsou spojeny s dysfunkci neuronalnich okruhti resp. neuronalnich siti,
se obnovil zajem 0 vyuziti stimulaénich metod Vv psychiatrii. Dnes mame k dispozici fadu
relativné bezpecnych, sofistikovanych stimulacnich metod. Jednou z nejvice studovanych

metod je repetitivni transkranialni magneticka stimulace (rTMS).

Repetitivni transkranialni magneticka stimulace (rTMS) se ukazala byt jednou z moznosti
neuromodulace kognitivnich funkei. Pocatky této metody se datuji do 80. let minulého stoleti,
k nam se tento pfistroj dostal na zac¢atku 21. stoleti a Psychiatricka klinika LF MU a FN Brno
byla jednim z prvnich psychiatrickych pracovist, kde tento pfistroj zacal byt vyuzivan,

nejprve samoziejmeé k vyzkumnym ucelim.



2 Schizofrenie a kognitivni funkce

Schizofrenie je velmi zavazna psychicka porucha. Pribéh tohoto onemocnéni byva velmi
casto dlouhodoby, chronicky, a velmi vyrazné ovliviiuje bézny Zivot nemocnych. Vyznamné
a negativné zasahuje do jejich kazdodenniho Zivota, psychosocialniho fungovani, schopnosti
pracovat avyrazné tim sniZzuje kvalitu Zivota nemocnych i jejich blizkych. Z hlediska
ekonomického se jedna 0 vysoce zneschopiiujici onemocnéni vedouci velmi Casto k trvalé

invalidizaci a také jeho 1é¢ba je finanén¢ velmi nakladna.

Schizofrenie je psychické onemocnéni charakterizované kromé psychotickych a negativnich
pfiznakli vyznamnym naruSenim poznavacich, tedy kognitivnich funkci jako
je psychomotorické tempo, pozornost, pamétové schopnosti aexekutivni funkce. Toto
naruSeni kognitivnich funkci, kognitivni deficit, se ukazuje byt zédkladnim, jadernym rysem
schizofrenni poruchy. Z odborné literatury je znamo, ze jisté naruSeni kognitivnich funkci
se Casto vyskytuje jesté pred propuknutim onemocnéni, Ize ho identifikovat nékdy dokonce
jiz v détstvi, tedy daleko dfive nez dojde krozvoji prvnich psychotickych pfiznakt. Jisté
abnormality v kognitivnich funkcich se vyskytuji i u pfibuznych prvniho fadu nemocnych
se schizofrenii a ukazuje setaké, ze kognitivni deficit je nezavisly na psychotickych
pifiznacich schizofrenniho onemocnéni. Pravé narozdil od psychotickych priznaki, které
se vyskytuji U nemocnych typicky vramci psychotickych epizod, je kognitivni deficit
povazovan za relativné trvaly a stabilni rys schizofrenniho onemocnéni. Soucasné psychiatrie
povazuje kognitivni deficit za hlavni rys schizofrenie spolu s negativnimi a pozitivnimi

ptiznaky a se syndromem dezorganizace.

Podrobnéji viz kapitola z knihy (Pfiloha 1), kde je pfedkladan souhrn poznatkd z odborné

literatury a zaroven vlastnich zkusenosti na téma Kognitivni deficit u schizofrenie.

Prikrylova Kucerova H, Prikryl R, Rihova Z, Navratilova P, Ceskova E. Cognitive Deficit
in Schizophrenia. In: Kucerova H, Preiss M, eds. Cognitive Deficit in Mental
and Neurological Disorders. New York: Nova Publishers; 2012: 53-88. Psychology Research
Progress. ISBN 978-1-60741- 957-0.

Autorsky podil: 75 %



2.1 Diagnostika kognitivnich funkci u schizofrenie

Americky narodni ustav pro vyzkum meéfeni aléfeni zaucelem zlepSeni kognice
u schizofrenie (NIMH-MATRICS: Measurement and Treatment Research to Improve
Cognition in Schizophrenia) podnitil iniciativu zvanou MATRICS. Vysledkem ¢innosti
iniciativy MATRICS byl vznik konzorcia MATRICS, které ve snaze sjednotit vyzkumné
snahy vytvofilo Standardni baterii pro vysetfeni kognitivnich funkci u schizofrenie (MCBB:
MATRICS Consensus Cognitive Battery).

V soucasnosti Se jedna ve svété o konsenzualn¢ piijimanou baterii k hodnoceni kognice
u schizofrenie a jejich zmén. Jeji administrace umozinuje zhodnoceni sedmi pro schizofrenii
klicovych kognitivnich funkci: mentdlni rychlost, pozornost/vigilance, pracovni pamét’
neverbélni 1 verbalni, verbalni uceni, vizudlni uceni, mySleni a feSeni problémi, socialni

kognice a to v relativné kratké &asové period&™?,

Klicové kognitivni funkce byly expertni skupinou identifikovany na zéklad¢ faktorové
analytickych studii. Pozadavkem bylo wvybrat ty funkce, které mezi sebou koreluji
jen minimalné. Na zakladé tohoto pozadavku byly vybrany konkrétni testy reprezentujici
jednotlivé identifikované funkce. V tomto kroku kladla skupina dlraz na nasledujici

kritéria®*>®,

vysoka test-retestova reliabilita testu (kterou naptiklad nespliuji testy s vysokym

efektem zacviku);

* pouzitelnost testu k opakovanym méfenim (coZ znamena u nékterych testii napiiklad
pozadavek na existenci alternativnich ¢i paralelnich forem testu);

= existujici vztah mezi vykonem v daném testu a Grovni psychosocidlniho fungovani;

»= dobra tolerance testl ze strany pacientd a prakticnost z hlediska administrace

a vyhodnocent;

= délka administrace je zpravidla 75 minut a neméla by pfesahnout 90 minut™?.

V Ceské republice jsme se konsenzudlni baterii MATRICS kratce po jejim zvefejnéni
zabyvali spolu s prazskymi a kralovehradeckymi kolegy’. Také v kapitole Kognitivni deficit
u schizofrenie®v ¢asti o vysetfeni kognitivnich funkci u schizofrenie jsme se pokusili
doporucit pro vySetfeni kognice vhodnou modifikovanou ceskou verzi baterie MATRICS.

910 " ale dosud vsak

V Ceské literatufe tak existuje urcité povédomi o existenci této baterie
U nas nebyla predstavena ve své originalni verzi. Také na internetovych strankach konsorcia

MATRICS je CR uvedena jako jeden zmala vyspélych stati svéta, kde baterie oficialné

10



nebyla ptelozena (http://www.matricsinc.org). V roce 2015 vyvinuli snahu c&esti kolegové
zaplnit tuto mezeru apfedstavili prvni ceskou originalni, licencovanou verzi
této V soucasnosti  nejrozSifenéjSi  baterie neuropsychologickych testd pro diagnostiku

kognitivniho deficitu u schizofrenie®®.

2.2 Dynamika kognitivniho deficitu u schizofrenie

Heterogenita nazorti odbornikti se projevuje, jak pii deskripci profilu kognitivniho deficitu
u schizofrenie, tak i pfi hodnoceni jeho prubéhu, tedy dynamiky v ¢ase. Uz i star§i prace
potvrzuji jeho pfitomnost jiz pfi prvni epizodé¢ onemocnéni, jeho dynamika byva hodnocena
jako stabilni a pretrvavajici v ur¢ité form& po celou dobu schizofrenniho onemocnéni®Z.
Dle starSich studii se pfi akutnich exacerbacich schizofrenniho onemocnéni kognitivni
naruseni prohlubuje, avSak v Klinicky bezpfiznakovém obdobi, tedy v remisi, nedochazi
vét§inou jiZ k navratu kognitivnich funkci na premorbidni uroveii®®. Co se ty¢e nové&jsich
studii, pfi porovnavani nemocnych s prvni epizodou schizofrenie a pacienty s n¢kolika relapsy
schizofrenniho onemocnéni se ukazuje, Ze u obou skupin nemocnych je ptitomno naruseni
kognitivnich funkci v hlavnich kognitivnich doménach. Rozdily se ukazuji spise v hloubce
kognitivniho deficitu, kdy u pacientd s prvni epizodou schizofrenie ukazuji nékteré studie
mén¢ zavazné naruseni neZ U 0S0b s opakovanymi relapsy schizofrenni poruchy“. Jiné studie
ukazuji na totozné kognitivni naruSeni, jak u nemocnych s prvni epizodou, tak u nemocnych
po n&kolika prodélanych psychotickych epizodach™. Studie Kopelowicze'® ukazuie,
ze kognitivni vykon U nonremitéri na adekvatni lécbu je hor$i nez u remitérd, a zaroven
je vykon obou téchto skupin statisticky signifikantné¢ niz§i nez u skupiny zdravych

dobrovolniku.

Jiné nazory na dynamiku kognitivni dysfunkce U schizofrenie pfinaseji studie dlouhodobé
sledujici  kognitivni  vykon nemocnych  seschizofrenii  (longitudinalni  studie).
Matsuda® ve své studii udava, e bdhem prvniho roku od propuknuti psychotické epizody
dochazi k vyznamnému zlepSeni kognitivniho vykonu ato zejména v oblasti exekutivnich
a mnestickych funkci. Tento nazor jeive shod¢ s ¢lankem naSeho vyzkumného tymu
(viz nize). Popéti letech hodnoti Matsuda ajeho spolupracovnici kognitivni vykonnost
nemocnych jako vyznamné zhorSenou'®. Né&ktefi autofi pracuji s hypotézou, Ze kognitivni
deficit se objevuje unemocnych jiz pfed propuknutim psychotické epizody a Vv prabéhu let
mé tendenci  se zmirfiovat'’. Jini autofi vidi zazlepSovanim kognitivnich  funkci

Vv longitudindlnich studiich pouze efekt zacviku pfiopakovaném testovani nemocnych
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psychodiagnostickymi metodami amirné zlepSeni v kognitivnim vykonu hodnoti spiSe

v dimenzich stacionarity®.

Gold a spolupracovnici12 porovnavali ve své vyzkumné praci Kognitivni vykonnost U pacienti
s prvni epizodou schizofrenie v pribéhu prvnich péti let anenalezli vyznamnéjsi rozdily.
Spise davaji  kognitivni vykon do souvislosti s negativnimi pfiznaky schizofrenie
atove smyslu ptimé uméry. Pokud se zmirnila negativni symptomatologie, k tomu doslo
v jejich studii po péti letech, objevilo se také zlepSeni v jistych parametrech kognitivnich
funkci. Autofi tedy zdlraznuji, ze pfitomnost negativni symptomatologic je u schizofrenie

< . “r . e . ;112
Casto spojovana s horsi prognézou kognitivniho fungovani nemocnych™.

Mirné zlepSovani kognitivnich funkci u schizofrenie ukazuje jiz star§i vyzkumna prace
Hoffa' a nasledn novéjsi studie Albuse a jeho spolupracovniki®. Oba autofi ve svych
vyzkumech nalezli tendenci k mirnému zlepSovani kognitivniho deficitu u schizofrennich
nemocnych, ikdyznikdy nedoslo Kuplnému navratu tGrovné kognitivnich funkci

1 . 19,2
na premorbidni Groven*®?°,

Tyto vysledky jsou ve shod¢ i s vysledky nasi vyzkumné studie, ktera ukazala, Ze kognitivni
deficit u schizofrenie ma v pribéhu prvniho roku po propuknuti schizofrenniho onemocnéni
tendenci ke zlepSovani ato s vétsi mirou U remitéri. Rozdily v kognitivnim vykonu mezi
remitéry aneremitéry nejsou vSak vtomto c¢asném obdobi schizofrenie (prvni rok
kognitivnich funkci nachazime u nemocnych pfi prvni epizodé schizofrenniho onemocnéni,
pak se naruseni kognitivnich funkci v priméru postupné zmiriiuje a stabilizuje. OvSem
existuji jedinci, kteti od pocatku onemocnéni maji neptiznivou prognézu, literatura uvadi cca
20 %, u kterych, pokud se jejich psychicky stav v kratké dobé po prodélané prvni akutni
epizod¢ schizofrenniho onemocnéni vyrazn€ji nezlepsi, pak dochazi ke zhorSeni

a chronifikaci vSech strukturalnich zmén a také k dalsi progresi kognitivniho deficitu®*#%,
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Zmény kognitivnich funkci v prabéhu roku
po propuknuti schizofrenie

Piikryl R., Kuéerova H., Navratilova P., Kasparek T., Ceskova E., Cernik M.,
Palensky V.

Psychiatricka klinika LF MU a FN Brno,
prednostka prof. MUDr. E. Ceskova, CSc.

SOUHRN

Cilem prace bylo porovnat profil a ¢asovou stabilitu jednotlivych parametru kognitivnich funkei v prabéhu jed-
noho roku od po¢atku schizofrenie v zavislosti na priabéhu onemocnéni. Do studie bylo zafazeno 27 pacientu
s prvni epizodou schizofrenie. Kritéria remise pii hodnoceni klinického stavu po roce od prvni epizody schizofre-
nie splnilo 22 pacientu (81 %), zbyvajicich 5 pacienta (19 %) tato kritéria nesplnovalo (tzv. ,neremité¥i®).
Z nasgich vysledku vyplyva, Ze remitéfi maji potencial ke zlepSovani kognitivniho deficitu miniméalné v prabéhu
jednoho roku po prodélani prvni epizody onemocnéni, a to zejména v oblastech exekutivnich a pamétovych funk-
ci. U skupiny neremitéra nebylo naopak pozorovano zlep$ovani kognitivnich funkei v pribéhu roku. Béhem prv-
ni epizody schizofrenie se uroven kognitivnich funkei neligila mezi pozdéjsimi remitéry a neremitéry. Po roce od
prvni epizody schizofrenie méli neremitéfi delsi auditivni reakéni ¢as, jinak statisticky vyznamné rozdily mezi
remitéry a neremitéry nebyly nalezeny. Lze shrnout, Ze kognitivni deficit v pribéhu jednoho roku od prvni epi-
zody schizofrenie ma tendenci ke zmirnovani, a to s vét&i mirou u remitéri. Rozdily v kognitivnim vykonu mezi
remitéry a neremitéry nejsou viak v ¢asném obdobi schizofrenie vyrazné.

Kli¢ova slova: kognitivni deficit, prvni epizoda schizofrenie, prubéh, remise.

SUMMARY

Piikryl R., Kuéerova H., Navratilova P., Kasparek T., Ceskova E., Cernik M., Palensky V.:
Changes in Cognitive Functions during One Year after Onset of Schizophrenia

The goal of the study was to compare the profile and stability over time of individual parameters of cognitive
functions during the period of one year from the onset of schizophrenia depending on the course of the illness.
The study included 27 patients with the first episode of schizophrenia. The criteria for remission were met by 22
patients (81%) when their clinical status was assessed one year after the first episode of schizophrenia; the rema-
ining 5 patients were evaluated as non-remitters (19%). Our results show that remitters have a potential for cog-
nitive deficit improvement for at least one year after their first episode of the illness, especially as to executive
and memory functions. On the other hand, the group of non-remitters was not found to improve in terms of cog-
nitive function during the year. The level of cognitive functions during the first episode of schizophrenia did not
differ between later remitters and non-remitters. One year after the first episode of schizophrenia non-remitters
had worse auditory reaction times; no other significant differences between remitters and non-remitters were
found. It may be summed up that cognitive deficit showed a trend to improvement for one year after the first epi-
sode of schizophrenia, the tendency being more prominent in remitters. The differences between cognitive per-
formance between remitters and non-remitters are, however, not very prominent in the early stage of schizoph-
renia.

Key words: cognitive deficit, first episode of schizophrenia, course, remission.

Ces. a slov. Psychiat., 103, 2007, No. 1, pp. 14-21.

1. OVOD

Zkoumani kognitivnich funkei u pacienta trpi-
cich schizofrenii nabyva v poslednich letech na
dualezitosti. Kognitivni deficit je povazovan za
dulezity rozmér onemocnéni, nezavisly na jinych
aspektech schizofrenie. Stoji v pozadi ostatnich
priznaku schizofrenie, ovliviiuje tspésnost 1écby,

schopnost socialni adaptace a kvalitu zivota paci-
enta.

Kognitivni deficit je p¥itomen jiz p¥i prvni epizo-
dé schizofrenniho onemocnéni, pozdéji zustava
tento deficit pomérné stabilni a pietrvava po celou
dobu nemoci [5]. Dle starsich studii se prohlubuje
pri akutnich exacerbacich choroby, v obdobi klinic-
ké remise vsak jiz vétsinou nedojde k navratu kog-
nitivnich funkei na premorbidni troven [17].
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Pretrvavajici charakter kognitivniho poskozeni po
odeznéni Kklinickych pfiznakti nemoci dokazuje
studie Goldberga. Autoti sledovali skupinu nemoc-
nych se schizofrenii lé¢enych klozapinem. Po 15
mesicich u nich doslo k redukei symptomu schizo-
frenie, avsak ke zlepseni kognitivnich funkei nedo-
§lo. Tento pretrvavajici defekt v kognitivnich funk-
cich byl podkladem neschopnosti nemocnych
priméreneé se socialné adaptovat, prestoze klinické
priznaky nemoci jiz odeznély [6].

Hyde ve své prarezové studii ukazal, ze intelek-
tové funkce béhem vyvoje onemocnéni u pacienti
se schizofrenii markantné neklesaji [9]. I longitu-
dinalni vyzkum Heatona potvrdil stabilitu neuro-
psychologickych funkei u ambulantnich pacienta
se schizofrenii béhem ¢asového obdobi tii let. Sku-
pina pacienti se schizofrenii vykéazala ve srovnani
s kontrolni skupinou zdravych dobrovolnika srov-
natelnou test-retestovou reliabilitu a neuropsy-
chologickou stabilitu béhem kratkého (v priméru
1,6 roku) tak i dlouhého (v praméru 5 let) obdobi
sledovani [8]. Sweeney ve svém vyzkumu proka-
zal, ze u pacienta trpicich schizofrenii mazeme
vedle stability neuropsychologického deficitu
v case pozorovat béhem vyvoje nemoci i zlepSeni
urcitych neuropsychologickych funkei. Pro mnoho
pacientt zlepseni pi¥ineslo testovy vykon srovna-
telny s normou [8].

Rundovo srovnani longitudindalnich studii
s minimalnim trvanim 1 rok, které mapovaly vyvoj
neurokognitivniho naruSeni u pacientti se schizo-
frenii, pak jednozna¢éné ukazalo, Ze kognitivni
deficit je relativné stabilni po dlouhé ¢asové obdo-
bi a béhem pribéhu schizofrenniho onemocnéni
neni piritomen upadek kognitivnich funkei [16].

Kurtz naproti tomu ve svém srovnani longitudi-
nalnich studii, zabyvajicich se ¢asovym vyvojem
neurokognitivniho deficitu pacientti se schizofre-
nii, zjistil, Ze ve vy¥voji kognitivniho deficitu muaze-
me sledovat dvé odlisné trajektorie a ze stabilita
kognitivniho deficitu neplati vSeobecné. Jeden
vyvojovy trend se ukazal u pacientt s lepsim pru-
béhem onemocnéni (ambulantni ¢i do komunity
zaclenéni pacienti). U téchto pacienta uroven kog-
nitivnich funkei nevykazala pokles v ¢asovém
priubéhu onemocnéni. Piipadna mira nalezené
deteriorace pak odpovidala tubytku kognitivnich
funkci, jez je pozorovan pii normalnim pribéhu
starnuti. V nékterych parametrech (naptr. 1Q)
doslo dokonce ke zlepSeni, a to i po ¢asovém use-
ku péti let. Nalezy byly srovnatelné pro skupiny
pacienti s prvni epizodou onemocnéni a chronické
pacienty. Druhy, opaény vyvojovy trend, byl pak
shledan ve vyzkumech zaméfenych na pacienty
ve stiednim véku a na starsi zejména institucio-
nalizované pacienty. Zde ukazatele kognitivniho
vykonu vykazaly naopak jasnou deterioraci v pru-
béhu sledovaného ¢asového obdobi. Nalez téchto
dvou odlisnych smért vyvoje kognitivnich funkei
by mohl podle autora naznacovat, ze béhem rtz-

nych fazi schizofrenniho onemocnéni se mohou
manifestovat odlisné patofyziologickych mecha-
nismy [14].

Pokud byly porovnany vysledky studii zabyvaji-
cich se vyvojem kognitivniho deficitu pouze
u pacientti s prvni epizodou onemocnéni (anebo
u téch, u nichz onemocni trva kratkou dobu), byla
nalezena zjisténi vice konzistentni a potvrdila sta-
bilitu kognitivniho deficitu v case.

Hoff a spolupracovnici prokazali ve svém longi-
tudinalnim vyzkumu u pacientii s prvni epizodou
schizofrenie relativni stabilitu neuropsychologic-
kych funkei po ¢étyt az pétileté periodé od pocatku
onemocnéni [10]. Stejné sledovani pak provedli po
desetiletém ¢asovém useku [11]. Rovnéz ani zde se
neukazal rozdil mezi pacienty a kontrolni skupi-
nou v mife zmény kognitivnich funkei béhem ¢aso-
vého tuseku. V zadném testu nedeteriorovali paci-
enti vyznamnéji nez kontrolni skupina.

Stejné vysledky stability a dokonce zlepseni
v case pak prokazaly i ostatni vyzkumy pacienta
s prvni epizodou schizofrenie. Gold zjistil, ze
u skupiny mladych pacienti jejich kognitivni
vykon nedeterioruje a mtize se dokonce zlepsit [5].
Nopoulos stejné tak prokazal, zZe kognitivni funkce
zustaly stabilni ve vétsiné domén. Vyznamné zlep-
Seni bylo pozorovano u testi komplexni pozornosti
a inhibice odpovédi [15]. Addington nalezl nékolik
signifikantnich zlepseni kognitivnich funkei
béhem dvouleté periody, jez bylo srovnatelné se
zlepsenim kontrolni skupiny [1].

U prvnich epizod schizofrenie miizeme na zakla-
dé téchto zjisténi ocekavat v kratkodobém c¢aso-
vém vyvoji stabilitu, popfipadé mirné zlepseni
kognitivniho vykonu.

Cilem nasi studie bylo porovnat profil a ¢asovou
stabilitu jednotlivych parametrt kognitivnich
funkei v prabéhu jednoho roku od poc¢atku schizof-
renie u remitéra a neremitéru.

2. METODIKA

2.1 Charakteristika zkoumaného souboru
Studie byla navrzena jako oteviena, naturalis-
ticka, prospektivni studie. Byli do ni zatazeni
muzi prijati na Psychiatrickou kliniku Lékaiské
fakulty Masarykovy univerzity a Fakultni nemoc-
nice Brno v letech 2002 — 2004 pro prvni epizodu
schizofrenie. Diagnéza byla stanovena a nasledné
potvrzena dvéma erudovanymi psychiatry dle
vyzkumnych kritérii Mezinarodni Kklasifikace
nemoci 10. revize. VSichni zaiazeni pacienti pode-
psali informovany souhlas. Vylucujici kritéria stu-
die byla nasledujici: zavislost na psychoaktivnich
latkach, organické poskozeni mozku, zavazné
somatické onemocnéni, mentalni retardace, epi-
lepsie a jina zavazna neurologickd onemocnéni
(dle anamnestickych tdaji) a nesouhlas s nasled-
nym sledovanim. Studie byla schvalena mistni
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etickou komisi a spliuje podminky Helsinské
deklarace lidskych prav.

2.2 Definovani kritérii remise

Remise byla stanovena pomoci vybranych polo-
zek skaly pozitivnich a negativnich priznaku schi-
zofrenie (the Positive and Negative Syndrome Sca-
le (PANSS) [13)] hodnocené pii kontrolnim
presetieni zdravotniho stavu pacientti po roce od
prvni epizody schizofrenie. Remise byla definova-
na maximalni hodnotou 3 (mirnéa zavaznost) ane-
bo nizsi v nasledujich 8 polozkach skaly PANSS:
P1 (bludy), P2 (dezorganizace), P3 (halucinace),
N1 (oplostéla emotivita), N4 (pasivni/ apatické
socialni stazeni), N6 (ztrata spontaneity a konver-
zace), G5 (manyrismus), G9 (neobvykly myslenko-
vy obsah) po dobu minimélné 6 mésicu [2].

2.3 Vyhodnoceni profilu kognitivnich funkci

Kognitivni funkce byly vysetfeny detailni bate-
rii neuropsychologickych testi, ktera byla vytvore-
na pro ucely této studie se zamérem, aby pokryla
vSechny vyznamné domény kognitivniho deficitu.
Béhem prvni epizody schizofrenie byli pacienti tes-
tovani co nejdrive s ohledem na jejich schopnost
podstoupit vysetireni, nejdéle viak v prubéhu tieti-
ho tydne po piijeti. Kontrolni neuropsychologické
vySetieni bylo provedeno béhem vysetreni po roce
od prvni epizody schizofrenie. Nami pouzita bate-
rie neuropsychologickych testti obsahovala nasle-
dujici neuropsychologické testy: Ravenovy progre-
sivni matrice; Wechslerova skala paméti (WMS);
Wisconsinsky test tiidéni karet (WCST), Test slov-
ni plynulosti (VFT); Test cesty — verze Ai B (TMT);
Stroopuv Colour-Word Test (CWT); Test setrvalé
pozornosti (CPT) a Test vizualniho a auditivniho
reakéniho casu.

2.4 Charakteristika lééby zkoumaného
souboru

Pri prijeti k hospitalizaci byla vétsina pacientt
bez psychotropni medikace, tzv. ,drug-naive“. Po
vstupnim vysetfeni byli vSichni pacienti léceni
monoterapii antipsychotikem s individualnim den-
nim davkovanim podle klinického stavu pacienta
a usudku osettfujiciho lékate. Risperidon byl dopo-
rucen jako 1ék prvni volby, ostatni kroky jiz byly
plné v kompetenci osetiujiciho 1ékate. Jako dopro-
vodnd medikace byly povoleny benzodiazepiny
v doporuéenych terapeutickych davkach za ucelem
korekce psychomotorického neklidu, tuzkosti
a nespavosti. Po propusténi z hospitalizace byli
pacienti nadale pravidelné sledovani v ambulant-
nim rezimu nasi kliniky s doporu¢enim ponechat
nastavenou monoterapii antipsychotikem a jen
v pripadé nutnosti ménit jeho denni davku.

2.5 Statisticka analyza
Statisticka analyza vychazela z popisné statisti-
ky a neparametrickych statistickych metod vzhle-

dem k nenormalnimu rozlozeni nasich dat. Pribeé-
hové zmény byly hodnoceny pomoci Wilcoxon Mat-
ched Pairs Test, pro vzajemné srovnani dvou neza-
vislych vzorka byl pouzit Mann-Whitney U Test,
vzajemné souvislosti byly posouzeny pomoci Spe-
armanovych korelaci. Veskera statisticka analyza
byla provedena pomoci programu Statistica soft-
ware version 6.

3. VYSLEDKY

3.1 Charakteristika souboru

Do studie bylo zarazeno 27 pacientt (muzu)
o prumérném véku 24,63 let (SD=5,18) a pramér-
nym trvanim nemoci 0,86 (SD=1,02). U 23 pacien-
tt byla diagnostikovana paranoidni schizofrenie
(F 20.0) a u 4 pacienttu hebefrenni schizofrenie (F
20.3). Lécba prvni epizody schizofrenie byla zaha-
jena u 18 pacienta risperidonem, u 5 olanzapinem,
u 3 quetiapinem a 1 pacient byl lé¢en amisulpri-
dem. Pii propusténi z hospitalizace pro prvni
epizodu schizofrenie bylo 16 pacientt léceno rispe-
ridonem, 4 olanzapinem, 3 quetiapinem, 3 klozapi-
nem a 1 pacient byl 1é¢en amisulpridem. P#i kon-
trolnim vysetieni po roce od prvni epizody bylo 15
pacientt lé¢eno risperidonem, 4 olanzapinem, 4
klozapinem, 2 quetiapinem, 1 pacient amisulpri-
dem a 1 pacient byl bez antipsychotické medikace.
V dobé provedeni prvniho neuropsychologického
vysetieni byla pramérna davka antipsychotik
v chlorpromazinovych ekvivalentech 242,65 mg
denné (SD=135,84). Pii druhém kontrolnim neu-
ropsychologickém vySetieni po roce od prvni epizo-
dy schizofrenie byla primérna denni davka anti-
psychotik v chlorpromazinovych ekvivalentech
156,93 mg denné (SD=87,34). Béhem roku po prv-
ni epizodé schizofrenie doslo ke statisticky
vyznamnému poklesu denni davky antipsychotik
(p=0,001; Wilcoxon Matched Pairs Test).

3.2 Charakteristika klinického stavu

Kritéria remise pii hodnoceni klinického stavu
po roce od prvni epizody schizofrenie splnilo 22
pacientt (81 %), zbyvajicich 5 pacienti bylo hodno-
ceno jako neremitéii (19 %).

Pramérné skory skaly PANSS pii kontrolnim
vySetieni po roce od prvni epizody schizofrenie
u remitéra a neremitéra jsou zobrazeny v tabulce
i

Pii kontrolnim vySetieni po roce od prvni epizo-
dy méli neremitéfi statisticky vyznamné vyssi cel-
kové skore PANSS (p=0,01), subskére PANSS hod-
notici pozitivni priznaky (p=0,01), negativni
priznaky (p=0,03) a vSeobecné ptiznaky (p=0,03).

3.3 Charakteristika kognitivniho profilu

3.3.1 Cely soubor
Pramérné IQ celého vysSetfovaného souboru

bylo 105,54 (SD=14,92).
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Tab. 1. Pramérné skéry skaly PANSS pii kontrolnim vy$etieni po roce u remitéri a neremitéru.

PANSS Remitéri (N=22) Neremitéri (N=5) Statistické srovnani’
Pramér S.D. Priumér S.D. Z p
subskoére pozitivnich piiznaka 7,58 0,96 13,60 541 2,17 0,01
subskére negativnich piiznaka 1041 3,80 18,85 8,87 2,31 0,03
subskére vieobecnych piiznaka 21,33 5,88 32,06 11,36 2,46 0,03
Celkové skore 39,22 9,48 64,47 21,29 2,61 0,01

* Mann Whitney U Test: srovnani skori $kaly PANSS mezi remitéry a neremitéry

Tab. 2. Prumérné skoéry jednotlivych neuropsychologickych testu pii vstupnim a kontrolnim vysetieni u celého

souboru.

Neuropsychologicky test Vstupni vysSetieni Kontrolni vysetieni Statistické srovnani’
Pramér S.D. Pramér S.D. Z P

Poéet zkompletovanych
kategorii WCST 411 2,18 5,32 1,58 2,83 0,01
Procento perseverativnich
odpovédi WCST 85,02 29,64 109,56 30,45 3,26 0,01
Procento perseverativnich
chyb WCST 88,63 26,22 108,57 29,65 3,03 0,01
Procento konceptualnich
odpovédi WCST 89,67 20,92 102,64 20,16 3,01 0,01
Vizualni reakéni éas 36,35 9,66 33,11 8,29 1,73 0,08
Auditivni reakéni éas 26,64 8,11 25,40 8,72 0,44 0,66
TMT-A 4,38 1,41 6,45 7,47 2,09 0,04
TMT-B 6,11 1,54 8,40 13,20 0,08 0,96
CPT 445,16 128,65 434,49 99,79 0,39 0,69
CWT 687,56 103,76 623,11 96,88 2,03 0,04
WMS: bezprostiedni sluchovy index 81,22 10,10 85,42 6,30 175 0,08
WMS: bezprostiedni zrakovy index 79,82 10,15 85,93 7,53 2,50 0,01
WMS: index bezprostfedni paméti 79,69 10,67 87,76 5,72 3,11 0,01
WMS: oddaleny sluchovy index 80,81 11,03 86,10 8,32 2,02 0,05
WMS: oddaleny zrakovy index 78,40 10,38 87,77 8,19 3,66 0,01
WMS: index oddéleného sluchového
znovupoznani 82,67 7,17 89,23 7,28 2,83 0,01
WMS: index vieobecné paméti 79,66 9,75 88,45 6,93 3,71 0,01
WMS: index Pracovni paméti 84,08 10,33 89,33 6,98 2,59 0,01
VFT 33,77 25,82 40,60 26,48 1,34 0,18

* Wilcoxon Matched Pairs Test: porovnani primérnych skori neuropsychologickych testii mezi vstupnim a kontrolnim vysetienim
WCST: Wisconsinsky test trideni karet; TMT-A; TMT-B: Test cesty — verze A i B; CPT: Test setrvalé pozornosti; CWT: Stroopuv

Colour-Word Test; WMS: Wechslerova skala paméti

Prameérné skory jednotlivych neuropsychologic-
kych testa pii vstupnim a kontrolnim vySetieni
jsou zobrazeny v tabulce 2.

Nebyla nalezena statisticky vyznamna korelace
mezi kognitivnim vykonem v jednotlivych neuro-
psychologickych testech a denni davkou antipsy-
chotik podavané v dobé neuropsychologického
vysetieni.

V prubéhu roku od prvni epizody schizofrenie
doslo u celého souboru ke statisticky vyznamnému
zlepSeni v poé¢tu zkompletovanych kategorii
(p=0,01), procentu perseverativnich odpovédi
(p=0,01), procentu perseverativnich chyb (p=0,01)
a procentu konceptualnich odpovédi (p=0,01) ve
WCST. Ve vizualnim i auditivnim reakénim case
nedoslo ke statisticky vyznamné zméné. V casti
A TMT doslo ke statisticky vyznamnému zlepseni
vykonu (p=0,04), zatimco v ¢asti B téhoz testu sta-

tisticky vyznamna zména nebyla prokazana.
V CPT nedoslo ke statisticky vyznamné zméné, ve
Stroopové testu (CWT) doslo ke statisticky
vyznamnému zlepSeni (p=0,04). Pokud se tyka
pamétovych funkei, vindexu bezprostiedni slucho-
vé paméti nedoslo k podstatné zméné, v ostatnich
indexech WMS bylo jiz nalezeno statisticky
vyznamné zlepSeni: bezprostiedni zrakovy index
(p=0,01), index bezprostredni paméti (p=0,01),
oddaleny sluchovy index (p=0,05), oddaleny zrako-
vy index (p=0,01), oddélené sluchové znovupozna-
ni (p=0,01), index vSeobecné paméti (p=0,01)
a index pracovni paméti (p=0,01). Zména v testu
VFT nedosahla statisticky vyznamné arovné.

3.3.2 Skupina remitéra
Pramérné 1Q u skupiny remitéra bylo 104,24
(SD=15,56).
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Tab. 3. Pramérné skoéry jednotlivych neuropsychologickych testi pii vstupnim a kontrolnim vysetieni u skupiny

remitéra.

Neuropsychologicky test Vstupni vySetieni Kontrolni vysetireni Statistické srovnani’
Prumér S.D. Pramér S.D. A P

Pocet zkompletovanych
kategorii WCST 3,85 2,25 5,11 1,73 2,71 0,01
Procento perseverativnich
odpovédi WCST 84,88 26,70 105,06 31,36 2,93 0,01
Procento perseverativnich
chyb WCST 54,50 25,78 104,17 30,65 2,74 0,01
Procento konceptualnich
odpovédi WCST 87,01 20,72 100,35 21,65 2,85 0,01
Vizualni reakéni ¢as 35,99 9,64 33,89 8,91 1,24 0,22
Auditivni reakéni éas 26,46 8,07 26,44 9,40 0,17 0,86
TMT-A 4,42 1,44 6,84 8,25 1,89 0,06
TMT-B 6,07 1,45 8,32 14,64 0,13 0,90
CPT 436,98 116,77 424,86 102,68 0,37 0,72
CWT 684,83 109,77 612,90 102,23 1,88 0,06
WMS: bezprostiedni sluchovy index 81,78 9,89 86,22 6,15 1,82 0,07
WMS: bezprostiedni zrakovy index 79,91 9,90 85,35 8,09 2,08 0,04
WMS: index bezprostfedni paméti 80,00 9,85 87,93 5,82 2,92 0,01
WMS: oddaleny sluchovy index 81,74 10,22 86,31 8,51 1,67 0,10
WMS: oddaleny zrakovy index 77,96 10,36 87,11 8,69 3,25 0,01
WMS: index oddaleného sluchového
znovupoznani 82,76 7,54 89,19 7,92 2,35 0,02
WMS: index v8eobecné paméti 79,61 8,82 88,94 7,11 3,42 0,01
WMS: index pracovni paméti 84,11 10,99 88,36 6,54 1,88 0,06
VFT 32,05 20,56 40,92 27,59 1,39 0,16

* Wilcoxon Matched Pairs Test: porovnani priumérnych skoru neuropsychologickych testii mezi vstupnim a kontrolnim vysetrenim
WCST: Wisconsinsky test tridéni karet; TMT-A; TMT-B: Test cesty — verze A i B; CPT: Test setrvalé pozornosti; CWT': Stroopuv

Colour-Word Test; WMS: Wechslerova skdla paméti

Pramérné skory jednotlivych neuropsychologic-
kych testa p¥i vstupnim a kontrolnim vysSetieni
jsou zobrazeny v tabulce 3.

Nebyla nalezena statisticky vyznamna korelace
mezi kognitivnim vykonem v jednotlivych neuro-
psychologickych testech a denni davkou antipsy-
chotik podavané v dobé neuropsychologického
vySetieni.

V prubéhu roku od prvni epizody schizofrenie
u skupiny remitért doslo ke statisticky vyznamné-
mu zlepseni v poétu zkompletovanych kategorii
(p=0,01), procentu perseverativnich odpovédi
(p=0,01), procentu perseverativnich chyb (p=0,01)
a procentu konceptualnich odpovédi (p=0,01) ve
WCST. Ve vizualnim i auditivnim reak¢nim case
nedoslo ke statisticky vyznamné zmeéné. V casti
A TMT byl nalezen silny trend ke zlep$eni vykonu
(p=0,06), zatimco v ¢asti B téhoz testu statisticky
vy¥znamna zména nebyla nalezena.V CPT nedoslo
ke statisticky vyznamné zméné, zatimco ve Stroo-
pové testu byl nalezen silny trend ke zlepseni
vykonu (p=0,06). Pokud se tyka pamétovych funk-
ci, v indexech bezprostfedni sluchové i pracovni
paméti byly naznaceny trendy ke zlepseni, které
vsak nedosahly statisticky vyznamné urovné
(p=0,07; respektive p=0,06). V ostatnich indexech
WMS bylo jiz nalezeno statisticky vyznamné zlep-

Seni: bezprostfedni zrakovy index (p=0,04), index
bezprostfedni paméti (p=0,01), oddaleny zrakovy
index (p=0,01), oddalené sluchové znovupoznéani
(p=0,02), index v8eobecné paméti (p=0,01). V odda-
leném sluchovém indexu nedoslo ke statisticky
vyznamné zméné. Zména v testu VFT nedosiahla
statisticky vyznamné urovné.

3.3.3 Skupina neremitért

Prameérné 1Q u skupiny neremitéra bylo 111,00
(SD=11,31).

Priumérné skoéry jednotlivych neuropsychologic-
kych testti pii vstupnim a kontrolnim vysetieni
jsou zobrazeny v tabulce 4.

Pii vstupnim vysetieni byla nalezena statistic-
ky vyznamna korelace mezi procentem persevera-
tivnich odpovédi ve WCST (r=-0,9; p=0,05; Spear-
manova korelace) a denni davkou antipsychotik
podavané v dobé neuropsychologického vysSetieni,
ta v8ak po Bonferroniho korekei ztratila na statis-
tické vyznamnosti. U jinych neuropsychologickych
testn, at jiz pfi vstupnim nebo kontrolnim vysetie-
ni, nebyla nalezena statisticky vyznamna korelace
mezi kognitivhim vykonem a denni davkou anti-
psychotik podavané v dobé neuropsychologického
vySetieni.

V prubéhu roku od prvni epizody schizofrenie
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Tab. 4. Prumérné skéry jednotlivych neuropsychologickych testi pii vstupnim a kontrolnim vySetieni u skupiny

neremitéru.

Neuropsychologicky test Vstupni vySetieni Kontrolni vySetieni Statistické srovnani’
Prumér S.D. Prumér S.D. Z P

Pocéet zkompletovanych
kategorii WCST 5,43 1,34 5,87 0,45 0,86 0,34
Procento perseverativnich
odpovédi WCST 86,04 44,32 127,61 18,52 1,75 0,08
Procento perseverativnich
chyb WCST 106,22 22,29 127,87 14,39 1,21 0,23
Procento konceptualnich
odpovédi WCST 101,01 19,78 113,00 3,94 0,41 0,69
Vizualni reakéni ¢éas 38,00 10,70 29,64 3,44 1,21 0,23
Auditivni reakéni ¢as 27,26 9,23 21,22 1,64 1,08 0,28
TMT-A 3,81 1,30 4,60 0,89 0,91 0,36
TMT-B 6,44 1,82 6,67 1,52 0,54 0,59
CPT 481,55 184,42 476,25 81,61 0,14 0,89
CWT 699,82 80,58 667,61 55,67 0,94 0,35
WMS: bezprostiedni sluchovy index 78,61 11,70 82,05 6,44 0,54 0,59
WMS: bezprostiedni zrakovy index 78,87 12,40 88,66 3,72 1,48 0,14
WMS: index bezprostiedni paméti 78,03 15,03 86,60 5,73 0,94 0,35
WMS: oddaleny sluchovy index 77,25 14,94 8541 8,33 1,21 0,23
WMS: oddaleny zrakovy index 80,47 11,42 90,26 5,45 1,75 0,08
WMS: index oddaleného sluchového
znovupoznani 82,40 6,03 89,61 3,85 1,86 0,07
WMS: index v&eobecné paméti 79,22 14,48 86,60 6,43 127 0,23
WMS: index pracovni paméti 83,45 7,60 93,65 7,99 2,02 0,04
VFT 41,03 45,06 39,22 23,68 0,14 0,89

* Wilcoxon Matched Pairs Test: porovnani prumérnych skoru neuropsychologickych testii mezi vstupnim a kontrolnim vysetrenim
WCST: Wisconsinsky test trideéni karet; TMT-A; TMT-B: Test cesty — verze A i B; CPT: Test setrvalé pozornosti; CWT: Stroopuv

Colour-Word Test; WMS: Wechslerova skdla paméti

u skupiny neremitérti nedoslo ke statisticky
vyznamné zméné v zadné dimenzi WCST. Statis-
ticky vyznamné zmény nebyly pozorovany ani ve
vizualnim ¢i auditivhim reakénim case, obou ¢as-
tech TMT, CPT, VFT ¢i Stroopoveé testu. Pokud se
tykd pamétovych funkei, tak v indexu pracovni
paméti nastalo statisticky vyznamné zlepSeni
(p=0,04). I kdyz nebylo dosazeno statistické
vyznamnosti, tak v oddaleném zrakovém indexu
(p=0,08) i indexu oddaleného sluchového znovu-
poznani (p=0,07) byly nalezeny trendy ukazujici
na zlepsSovani kognitivniho vykonu v ¢ase. Ve zby-
vajicich pamétovych indexech statisticky vyznam-
né zmény nebyly nalezeny.

3.4 Srovnani kognitivnich funkei
mezi remitéry a neremitéry

Pii vstupnim neuropsychologickém vySetieni
béhem prvni epizody schizofrenie srovnani kogni-
tivnich vykont mezi remitéry a neremitéry neved-
lo k nalezeni zadnych statisticky vyznamnych roz-
dild mezi sledovanymi kognitivnimi parametry,
s vyjimkou trendu k lepSimu vykonu v procentu
perseverativnich chyb u pozdéjsich neremitéru
oproti remitéram (p=0,08; Z=1,78; Mann-Whitney
U Test).

Pii kontrolnim neuropsychologickém vysetieni
po roce od prvni epizody schizofrenie byl pii srov-
nani kognitivnich vykonti mezi remitéry a neremi-
téry nalezen statisticky vyznamné nizsi vykon
v auditivhim reak¢énim ¢ase u neremitéra oproti
remitéram (p=0,05; Z=2,00; Mann-Whitney
U Test). V ostatnich sledovanych parametrech
kognitivnich funkei nebyly shledany zadné statis-
ticky vyznamné rozdily mezi remitéry a neremité-
ry.

4. DISKUSE

Z nasich vysledka vyplyva, Ze pacienti
trpici prvni epizodou schizofrenie maji potencial
ke zlepsovani kognitivniho deficitu minimalné
v prubéhu jednoho roku po prodélani prvni epizo-
dy onemocnéni, a to bez ohledu na pfipadnou reak-
tivitu na lécbu. Toto zjisténi je v souladu se zavéry
studii, které se zabyvaly prubéhem kognitivniho
deficitu u pacientt s prvni epizodou schizofrenie
a ukazuji, ze kognitivni deficit je stabilni s tenden-
ci ke zlepSeni i po kratkém ¢asovém obdobi [1, 5,
10, 11, 15].

Zlepsovani v kognitivnim vykonu bylo nejvyraz-
néjsi v oblastech exekutivnich a pamétovych funk-

19

18



ci, zatimco napriklad pozornost ztistavala nezmé-
néna. Lze predpokladat, ze zlepsovani kognice
pravdépodobné souvisi s dalsim postupnym ustu-
pem symptomt schizofrenie, zejména pak jeji
negativni dimenzi. Ke stejnému zavéru dospél
i Gold [5], ktery vySetioval pacienty s prvni epizo-
dou schizofrenie v zac¢atku onemocnéni a po péti
letech trvani choroby. Nalezl zlepseni zejména
v oblasti exekutivnich funkci a rovnéz prokazal
vztah mezi mirou negativnich priznaku a urovni
kognitivnich funkeci. Zlepseni verbalni kognice
bylo spojeno se zmirnénim intenzity negativnich
priznakti. Gold se na zakladé svych vysledka
domniva, Ze u skupiny mladych pacienti se zave-
denou antipsychotickou lé¢bou ¢asné na zacatku
jejich onemocnéni, kognitivni vykon nedeterioruje
a muze se dokonce zlepsit.

U skupiny remitéra se kognitivni deficit zménil
v prubéhu roku po prvni epizodé schizofrenie
prakticky stejné jako u celého vysetrovaného sou-
boru. Vysvétleni je oviem mozZné spatrovat ve sku-
tecnosti, Ze remitéii tvotili 81 % celého zkoumané-
ho souboru a mohlo tedy dojit ke zkresleni dat
mezi remitéry a celou vySetfovanou skupinou.
Doslo také ze zméné zejména v oblastech paméto-
vych a exekutivnich funkei s jasnym trendem
k jejich zlepseni. Dtvody lze spatiovat ve stejnych
skute¢nostech jako u celého souboru se zdurazné-
nim souvislosti mezi dalsim tdstupem psychopato-
logie a zlepSovanim kognitivnich funkei.

U skupiny neremitéra nebylo naopak pozorova-
no zlepSovani kognitivnich funkei v prabéhu roku
jako u remitéra. Exekutivni funkce se nijak
nezménily, v pamétovych funkecich byl naznacen
pouze trend ke zlepSeni, statisticky vyznamného
zlepseni véak dosahla jen pracovni pamét. Dosaze-
né vysledky tedy pomérné jasné ukazuji na uzkou
souvislost mezi dynamikou kognitivniho deficitu
u schizofrenie a reaktivitou na lé¢bu. Ke stejnému
zavéru se kloni i nékteré dfive publikované studie
[5, 15]. Nopoulos a kolegové zjistili, ze kognitivni
funkce zastavaji v prabéhu ¢asu stabilni, a to ve
vétsiné testovanych domén. Vyznamné zlepSeni
bylo potom pozorovano u testi komplexni pozor-
nosti a inhibice odpovédi. Mira zlep$eni kognitiv-
niho vykonu korelovala se zménami klinickych
priznakt, ale ne s velikosti denni davky antipsy-
chotika. Stabilni kognitivni deficity se tedy zdaji
byt nezavislé na mife klinickych piiznaka
a mohou byt proto hodnoceny jako ,trait“ faktor
onemocnéni. Avsak malé podskupina kognitivnich
funkei, jako jsou napr. komplexni pozornost ¢i
inhibice pozornosti, fluktuuji v ¢ase, ¢aste¢né sou-
visi s klinickymi pFiznaky a mohou byt proto pova-
zZovany spise za ,state“ faktor onemocnéni [15].

Pokud dosdhneme remise, dochazi také ke zmir-
néni kognitivniho deficitu, a to zejména v oblasti
exekutivnich a pamétovych funkei. Naopak u paci-

enta trpicich rezidualni schizofrennii se zavaznost
kognitivniho deficitu neméni a ztstava pomérné
stacionarni. U této podskupiny pacientii nedoslo
sice béhem jednoho roku trvani schizofrenie
k vyraznéjsi deterioraci kognitivnich funkei, tu lze
ale pravdépodobné ocekavat v dalsim prabéhu
onemocnéni. Kognitivni funkce u schizofrenie tedy
pomérné spolehlivé kopiruji droven kompenzace
onemocnéni.

Je zajimavé, ze uroven kognitivniho deficitu
v poc¢atku schizofrenie pravdépodobné nepredikuje
dalsi vyvoj onemocnéni. Pro toto tvrzeni svédci
skutecnost, Ze béhem prvni epizody schizofrenie se
uroven kognitivnich funkei nelisila mezi pozdéjsi-
mi remitéry a neremitéry. Z toho lze dovodit, ze
kognitivni deficit v za¢atku onemocnéni tedy neni
tim rozhodujicim faktorem urcujici pozdéjsi vyvoj
choroby. Proti tomuto zjisténi vsak stoji zavéry
praci, které naopak potvrdily moznost predikce
budouciho vyvoje onemocnéni z profilu kognitiv-
nich funkei [3, 7, 12, 19].

Po roce od prvni epizody schizofrenie méli nere-
mitéfi delsi auditivni reakéni ¢as, jinak statisticky
vyznamné rozdily mezi remitéry a neremitéry
nebyly nalezeny. Ty sice nebyly prokazany, ale
odli$na dynamika kognitivniho deficitu v prabéhu
roku po propuknuti schizofrenie ukazala na rozdil-
ny charakter kognitivniho deficitu u remitéra
a neremitéri. Skutec¢nost, Ze se rozdilny prubéh
kognitivniho deficitu neprojevil vyraznéji po roce
mezi remitéry a neremitéry, lze spatfovat ve sku-
te¢nosti, Ze ¢asovy interval jednoho roku po prvni
epizodé schizofrenie je pravdépodobné prilis krat-
ky na to, aby se kognitivni rozdily mohly vyrazné-
ji projevit. Pokud by platily naznacené trendy,
potom by se dané rozdily pravdépodobné ukazaly
vyznamneéjsi az v delsim c¢asovém horizontu od
poc¢atku schizofrenie. Dalsim hypotetickym
vysvétlenim mutize byt také nizky pocet neremitéru
v nasi studii, coZz mohlo zkreslit silu statistické
analyzy. Delsi ¢asovy tsek od prvni epizody schi-
zofrenie by i diky pravdépodobné stoupajicimu
poctu neremitérti ukazal na horsi profil kognitiv-
nich funkei u neremitérti oproti remitéram. Také
faktor riznorodé antipsychotické medfikace se
mohl projevit na kone¢nych vysledcich.

Zaveérem lze ¥ici, ze kognitivni deficit v prabéhu
jednoho roku od prvni epizody schizofrenie ma ten-
denci ke zlepSovani, a to s vétsi mirou u remitéru.
Rozdily v kognitivhim vykonu mezi remitéry
a neremitéry nejsou vsak v ¢asném obdobi schizof-
renie vyrazné.

Tato prace byla podporena grantem IGA MZ CR
¢. NR 7990-3/2004 a vyzkumnym zameérem Minis-
terstva skolstvi, mladeze a télovychovy CR

MSM0021622404.
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2.3 Kognitivni deficit a kortizolémie

Jak bylo zminéno V pfedchozi kapitole, pacienti se schizofrenii vykazuji deficit kognitivnich
funkci. | kdyz je postizena fada domén kognice, opakovanym nalezem je zejména naruseni
kratkodobé slovni a vizuoprostorové paméti?, Za jeden z moznych neuronalnich korelatd
tohoto deficitu je povazovana redukce objemu hipokampu. Jelikoz se projevuje
Jiz U neléCenych pacientit s prvni epizodou schizofrenie, nemiize byt povazovana za pouhy
efekt medikace antipsychotiky?. Hipokampus krom& svérole tvorby pamétovych stop
se také podili naregulaci osy hypotalamus — hypofyza — kora nadledvinek (HPA 0sa).
Stimulace glukokortikoidnich receptort v hipokampu vede k inhibici aktivity HPA osy.
Z animalnich studii vyplyva, Ze dlouhodoby stres a zvySend koncentrace kortikoidil zpiisobuje
dysfunkci hipokampu a nasledné dysregulaci HPA osy prostiednictvim naruSeni negativni

4 r 2
zpétnovazebné regulace®.

V souladu s témito nalezy zobrazovaci metody ukazuji na negativni korelaci mezi hladinou
kortizolu a objemem hipokampu. Rovnéz vykon v deklarativni paméti, jejimz neuronalnim
korelatem je pravé hipokampus, vykazuje negativni korelaci s kortizolémii. Pfesny charakter
poruchy paméti pii zvySené hlading kortizolu neni jasny. Pfedpokladé se, Ze negativni vliv
stresu a zvysené koncentrace kortizolémie na pamétové funkce miize byt zprosttedkovan
témito mechanizmy: 1) pfimym naruSenim pracovni pameéti a kratkodobé vybavnosti, 2)

naruSenim hipokampalni integrity pii dlouhodobé hyperkortizolémii27.

Piekvapivé malo studii se dosud zabyvalo vztahem mezi kortizolémii a deficitem pamé&tovych
funkei U pacientd  se schizofrenii. Byla prokdzdna negativni korelace  mezi
postdexamethazonovou kortizolémii a deficitem v auditivné slovnim uceni U nelécenych
pacientt se schizofrenii. V placebem kontrolované studii byl nalezen negativni vliv podaného
dexamethazonu navykon veslovni paméti. Nebyl vsak nalezen vztah mezi

postdexamethazonovou kortizolémii a vybavnosti?>29%031:32,

Nedostatek konzistentnich vyzkumnych nalezt v této oblasti nas vedl k provedeni studie,
ktera by na populaci pacientd s prvni epizodou schizofrenie zkoumala souvislosti mezi
kortizolémii a vykonem v jednotlivych doménach kognitivnich funkei. Kognitivni funkce
byly hodnoceny komplexni baterii neuropsychologickych test, hodnocena také byla
schizofrenni psychopatologie pomoci adekvatni psychiatrické Skaly. Vysledkem tohoto
vyzkumu bylo zjisténi, ze bazalni kortizolémie, tedy vyssi hodnoty kortizolu v odpolednich

hodinach koreluji s naruSenymi pamétovymi funkcemi, zejména pracovni paméti, oddalenou
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paméti a schopnosti vybaveni z paméti. Tedy jednoduché laboratorni vysetfeni, které
je rutinné provadéno (stanoveni bazalni kortizolémie) ma jistou prediktivni hodnotu a mutze
slouzit jako nastroj k identifikaci vhodnych kandidati pro casnou a specifickou prokognitivni
intervenci. (pozn. V naSi vyzkumné praci se ukazalo, Ze Kortizolémie bazalni, tedy
kortizolémie pted aplikaci dexamethazonu je signifikantni a dostacujici pro naslednou

predikci.).
Havelka D, Prikrylova Kucerova H, Prikryl R, Ceskova E. Cognitive impairment
and cortisol levels in first-episode schizophrenia patients. Stress. 2016; 19(4): 383-3809.
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ABSTRACT

Many modalities of cognition are affected in schizophrenia. The most common findings include dysfunc-
tions of episodic and working memory and of executive functions. Although an inverse correlation
between cortisol level and memory function has been proven, few studies have focused on the relation-
ship between cortisol level and cognitive impairment in patients with schizophrenia. In an open, natural-
istic, prospective study, consecutively hospitalized males diagnosed with first-episode schizophrenia,
hypothalamic-pituitary-adrenal axis activity (afternoon cortisol levels, post-dexamethasone cortisol lev-
els) was evaluated before and at the end of acute treatment. Psychopathology was assessed using the
positive and negative syndrome scale (PANSS). Cognitive functions (memory, attention, psychomotor,
verbal fluency, and executive functions) were tested after symptom alleviation using a neurocognitive
test battery. In the total sample (n=23), significant decreases in total PANSS score (including all sub-
scales), afternoon cortisol levels, and post-dexamethasone cortisol levels occurred during the course of
treatment. It was found that higher afternoon cortisol levels at the beginning of treatment were signifi-
cantly related to impaired performance in memory functions. Afternoon cortisol levels were not signifi-
cantly associated with other measured cognitive functions. No correlation was discovered between
cognitive functions and post-dexamethasone cortisol levels. The determination of afternoon cortisol lev-
els may serve to detect potential candidates for specific cognitive intervention immediately after the first
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psychotic breakthrough.

Introduction

Cognitive impairment is one of the core symptoms of schizo-
phrenia, already clearly manifested in the first episode
(Addington & Addington, 2002; Bilder et al, 2000; Townsend
et al, 2000). The specific cognitive domains in which the def-
icit is markedly distinct are episodic and working memory and
executive functions (Nuechterlein et al, 2004; Reichenberg &
Harvey, 2007; Tuma & Lenderova, 2001).

It has been shown that the emergence of psychosis is pre-
ceded by a higher incidence of excessively stressful events,
increased stress exposition in overall history (Read et al,
2005), increased distress, and inability to handle life events
(Horan et al,, 2005). In the last decade, considerable effort was
directed towards understanding the biological mechanism of
increased sensitivity to stress in psychosis. Based on the
results of these efforts, some authors suggested that more
attention should be focused on the hypothalamic-pituitary-
adrenal axis (HPA axis) (Corcoran et al, 2003; Phillips et al,
2006; Walker et al,, 2008).

Schizophrenia patients exhibit HPA axis function alterations
(Bradley & Dinan, 2010). These dysfunctions are not simply a
cormrelate of depression or other generalized pathological
symptoms (for which HPA axis dysfunction is typical). They
have a specific profile, probably based on a different genetic

background or a different developmental trajectory of stress
abnormalities (Borges et al, 2013). Studies specifically
focused on the relation between cortisol levels and schizo-
phrenia describe a patient tendency to have higher basal
cortisol levels than healthy controls, Higher cortisol levels are
also associated with an increase in the severity of psychotic
symptoms (Corcoran et al, 2012; Garner et al, 2011; Mittal &
Walker, 2011; Walder et al, 2000). It has been established
that antipsychotic treatment reduces ACTH and cortisol
secretion and decreases the number of non-suppressors in
the dexamethasone suppression test (DST) (Ceskova et al,
2006).

An inverse correlation between glucocorticoids and cogni-
tion was shown in a number of animal studies (Wolf, 2003)
and studies of healthy populations {Lee et al, 2007; Lupien
et al, 2005, 2007; McAllister-Williams & Rugg, 2002), as well as
in studies of schizophrenia patients (Walder et al,, 2000). Most
previous studies were conducted on chronic patients. To the
best of our knowledge, only one study has been published
investigating the relationship between the HPA axis and cog-
nition in patients with first-episode psychosis (Aas et al,
2011). The authors found that a meore blunted cortisol-
awakening response was associated with a more severe deficit
in verbal memory.
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Investigation of this phenomenon in patients with first-epi-
sode schizophrenia (FES) provides the opportunity to examine
this issue disengaged from possible confounding factors
caused by chronic illness or long-term psychopharmacological
treatment. It can also provide data that will help to facilitate
the design and development of more effective preventive and
treatment strategies.

The aim of this study was to investigate a possible link
between cortisol levels, psychopathology, and particular
demains of cognitive function in a population of patients
with FES,

Methods
Study design

The research was designed as an open, naturalistic, prospect-
ive pilot study. The study was approved by the local ethics
committee (the Faculty Hospital Brno) and complies with the
requirements of the Declaration of Helsinki.

SubJects

Male patients consecutively hospitalized between January
2006 and May 2010 at the Psychiatric Hospital in Brno were
included if they (1) were experiencing their first admission for
FES; (2) provided written informed consent; and (3) were
drug-naive or had a maximum of 4 weeks of cumulative
exposure to antipsychotic treatment before admission. All
patients were diagnosed with FES independently by at least
two psychiatrists according to ICD-10 (Research criteria), ICD-
10 diagnoses were made on the basis of information from
the patient and their relatives (including long-term social
withdrawal and positive family history) and a comprehensive
assessment of symptoms and history, Estimation of iliness
duration was based on the clear manifestation of the first
psychotic symptoms. The history of previous psychophar-
macological treatment was carefully documented in interviews
with each patient and the patient's relatives. Subjects identi-
fied as having any neuroendocrine disorders (e.g. Cushing's
syndrome), a history of traumatic brain injury, or neurological
disorders, or who abused addictive substances or took antide-
pressants or steroids which are known to affect HPA axis func-
tion, were excluded from the study.

Clinical assessment

The psychopathology (positive and negative schizophrenia
symptoms, general psychopathology) of the patients was eval-
uated using the positive and negative syndrome scale
(PANSS) at the same time points (before and at the end of
acute treatment), Administering the scale at two time points
enabled the evaluation of treatment responses (using delta
expressing the percentage change in each subscale during
the treatment, ie. delta PANSS =100 x [(score at the end of
acute treatment — score at the beginning of treatment)/score
at the beginning of treatment], Patients whose values had
improved by at least 30% in total PANSS score were classified
as responders. This criterion was used in order to make it

possible to compare the results with older studies, Patients
were assessed by a trained psychiatrist (RP).

Endocrine assessment

Endocrine data were obtained in parallel with clinical assess-
ment, i.e, before and at the end of acute treatment, Procedure:
At 4 p.m, blood samples were collected to determine after-
noon cortiscl levels (basal cortisol levels), On the same day at
11 p.m, patients orally took 1 mg of dexamethasone, The
next day at 4 p.m, blood samples were collected again to
determine post-dexamethasone cortisol levels (PDCL). Cortisol
levels were measured using a chemiluminescent immuno-
assay. Cortisol values greater than 138 nmol/l (5 mg/dl) in any
of post-dexamethasone collections were labeled as DST non-
suppression (e.g. Carroll et al,, 1981).

Measuring cortisol levels in parallel with clinical assessment
enabled the evaluation of cortisol level dynamics during the
acute treatment (using cortisol levels delta, i.e. delta cortisol
levels =100 x [{cortispl level at the end of acute treat-
ment — cortisol level at the beginning of treatment)/cortisol
level at the beginning of treatment] and its association with
treatment response.,

Psychologlical assessment

Neuropsychological assessment was performed using a neu-
rocognitive test battery compesed of separate standardized
tests chosen with regards to the examined group and diffi-
culty level, Patients were assessed once, by the end of the
first week (range 3-7 d) after admission, after the allevi-
ation of psychotic symptomatology when patients were
able to undergo the assessment. The battery was adminis-
tered in the same room, at the same time of day, in con-
venient physical conditions, and always with the same
instructions.

The administration of the neuropsychological test battery
and testing of cognitive functions took two hours on average.
The selected tests were oriented towards psychomotor (Trail
Making Test A - TMT-A), attention distribution (Trail Making
Test B - TMT-B), working memory {Auditory Verbal Learning
Test, subtests 1-5 — AVLT 1-5), delayed memory and memory
recall (Auditory Verbal Learning Test, subtest 6 — AVLT 6), ver-
bal fluency (Verbal Fluency Test — VFT), and executive func-
tions (Wisconsin Card Sorting Test - WCST). To compare
patient results with healthy population results in tests of cog-
nitive functions, we used the standard norms for the healthy
population postulated in the manuals of these tests. Rough
test scores were converted to z-scores based on the mean
and standard deviation of the results of a healthy population.
The degree of cognitive impairment was determined quantita-
tively by comparison with the statistical norm for correspond-
ing age. Results ranging from —001 to —05 standard
deviation (SD) were labeled as a mild cognitive impairment.
Moderate cognitive impairment ranged from —051 to —1.5
SD. Performances worse than —1.5 SD were marked as a
severe cognitive impairment (as defined in eg. Harvey &
Keefe, 2009),
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Statistical analyses

Since the sample was smaller, non-parametric methods were
selected for the detection and description of variables of
interest. Correlations among cortisol levels, parameters of cog-
nition, and psychopathology were determined wusing
Spearman’s correlation coefficient. To verify the results of cor-
relation between aftemocn cortisol levels at the beginning of
treatment and memory functions, Mann-Whitney U tests were
used, Comparisons of repeated measurements (PANSS scores
and cortisol levels before and at the end of acute treatment)
were performed using the Wilcoxon matched-pair signed-rank
test. A Bonferroni cormection was calculated to adjust for mul-
tiple comparisons,

All statistical analyses were performed using Statistica soft-
ware version 12 (Statistica software version 12, IBM, StatSoft
CR; http//www.statsoft.cz/), Results were interpreted conven-
tionally, on the basis of their statistical significance. Results
were generally considered significant if the risk of incorrect
rejection of the null hypothesis was not higher than 5%; in
other words, relationships were significant at the 5% level
(p<0.05).

Results
Sample characterlistics

The sample consisted of 23 men, average age 23.52 years,
education duration 12 years, and illness duration approxi-
mately 3 months, The average duration of index hospitaliza-
tion was 43 d, The average length of iliness was 3,1 months,
All patients received antipsychotic medication; the average
chlorpromazine equivalent was 224.5mg (Table 1). In order to
make the sample as homogenous as possible, risperidone was
the first choice of medication.

Clinical data

During the treatment process, we observed a significant
reduction in the average total PANSS score (Z=-4.2,
p <0.01) (more details in Table 2). Of the 23 patients, three
were classified as non-responders according to the delta
PANSS; 20 (87% of the reference sample} were responders,

Endocrine data

Average cortisol levels (aftemoon and post-dexamethasone)
before and at the end of treatment are shown in Table 3
(normal level ranges from 83 to 441nmol/l). There was a
significant decrease in the afterncon cortisol level (Z=3.16,
p<001) and in the post-dexamethasone cortisol level
(Z=2.03, p=0.04) during the treatment.

Table 1. Sociodemographic and clinical characteristics of the sample (n=23).

Standard
Variable Mean deviation Range
Age (years) 35 5 17-32
limess duration (months) 31 37 0.25-12
Chlorpromazine equivalent (mg/day) 2245 57 150-350
Duration of index hospitalization (days) 43 15.1 1046
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Cognitive data

On an average, the most significant impairment occurred in
the AVLT 6 subtest measuring delayed memory and memory
recall (m=—-092; SD=1.26). Moderate cognitive impairment
of another memory component (working memory) was
revealed in the AVLT 1-5 subtests (m=-—068; SD=0.94),
Memery impairment is also indirectly related to ancther cog-
nitive function, verbal fluency, which is measured by the VFT
and which also showed moderate cognitive impairment
(m=07; SD=135), Executive functions were measured by
WCST, from which we focused on three indexes: perseverative
responses (m=-013; SD=147), perseverative errors
(m=—-0.15; SD=1.39), and conceptual level of responses
(m=-0.17; SD=1.03); the cognitive impairment indicated by
these items can be characterized as mild. TMT-A detected
moderate levels of average psychomotor deficit {(m=04;
SD=093). In the TMT-B subtest, focusing on attention,
patients achieved the same results as the healthy population
(m=0.01; SD=051); their performance in this cognitive
domain was thus normal (Table 4 and Figure 1),

Correlation between cortisol levels and cognitive
functlons

Afternoon cortisol levels at the beginning of treatment and
cognition

A significant negative correlation was observed only in the
AVLT 1-5 subtests measuring working memory (r=—-042;
p=0.047) (see Figure 2 for a scatter plot of this correlation).
Trend-level correlation was present for results in the AVLT 6
subtest measuring delayed memory and memory recall
(r=—04; p=0.058),

Table 2. PANSS before and at the end of acute treatment,

At the beginning of At the end of acute Statistical

ri a

treatment treatment Deltg  -omparison

Subscales Mean SD  Range Mean SD  Range z P
Positve 25 62 18-41 9 35 721 59 42 <001
Negative 232 55 15-32 15 48 7-26 336 41 <001>
General 498 95 30-64 27 69 1849 441 42 <001P°
Total 98 163 67-122 52 35 35-92 46 41 <Q01™

PANSS: Positive and Negative Syndrome Scale.

"Wilcoxon paired test: comparison of mean scores before and at the end of
acute treatment,

PStatistically significant difference,

“Significant after correcting for multiple comparisons wsing the post-hoc
Bonferroni method.,

Table 3. Cortisol levels before and at the end of acute treatment,

At the beginning of At the end of acute Statistical
treatment treatment comparison”
Measurement Mean SD Range Mean SD Range 2 p

ACL (nmal/l) 2557 1266 45-640 1452 666 37-305 316 <0.01*

PDCL (nmol/) 638 972 0-385 168 168 0-94 203 0.04*

ACL: afterncon cortisol level; PDCL: post-dexamethasone cortisol level,

*Statistically significant difference.

*Wilcoxon paired test: comparison of mean cortisol levels before and at the end
of acute treatment.
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To verify the results of this correlation, we analyzed data
after splitting the patients into two groups depending on
whether their aftemoon cortisol levels were above or below
the median of the measured values (Me=233nmol/L). The
group of patients above the median had worse results in
AVLT 1-5 subtests (Z=-1.75; p=0078) and significantly
waorse results in the AVLT 6 subtest {Z=—2.08; p=0.037).

Other test results did not significantly correlate with after-
noon cortisol levels at the beginning of treatment. In post
hoc analysis, no significant correlations were found between
data from cognitive testing and age, education, response to
acute treatment, iliness duration, severity of iliness, or dose of
medication, with the exception of WCST PR and WCST PE,
which correlated with dose of medication. Analyses correlat-
ing individual cognitive tests are presented with and without
Bonferroni correction in Table 5.

Post-dexamethasone cortisol levels at the beginning of treat-
ment and cognition

No statistically significant correlation between post-dexa-
methasone cortisol levels and cognitive test results was
found.

Correlation between cortisol levels and treatment
response

No statistically significant correlations between afternoon and
post-dexamethasone cortisol levels at the beginning of treat-
ment or their changes during the treatment {delta cortisol
levels) and any of the delta PANSS scores were observed.

Table 4. Results from cognitive testing (z-score).

Test Mean Minimum Maximum Standard deviation
TMT-A 04 =225 0.75 093
TMT-8 o0 —0.75 0.75 0.51
AVLT 1-5 —0.68 —-261 145 004
AVLT & —-0.92 =323 132 1.26
VFT 07 —2.74 2N 135
WCST (PR) -013 -3 3 147
WCST (PE) =015 -3 247 1.39
0.2
0.01

Dexamethasone suppression test

Five patients {21.7%) were classified as non-suppressars at the
beginning of treatment; at the end of acute treatment, all
patients were classified as suppressors. At the beginning of
treatment, the suppressor group did not show any statistically
significant difference from the non-suppressor group in terms
of age, iliness duration, PANSS score, or any of the menitored
cognition parameters. Further, no statistically significant differ-
ences between these two groups were found in afternoon
cortisol levels; only post-dexamethasone cortisol levels were
significantly higher in the group of non-suppressors,

Discussion

The present study demonstrates that total PANSS score
(including all subscales), afterncon cortisol concentrations,
and post-dexamethasone cortisol levels decrease during the
course of treatment in patients with first-episode schizophre-
nia, Higher afternoon cortisol levels at the beginning of treat-
ment were associated with impaired performance in memory
functions.

All the patients included in the study were men, The main
reason for this was at first logistic; later, we saw some advan-
tages in this more homogenous sample. A recent study by
Montalvo et al. (2013), which was not published in full text,
found a gender difference in the relationship between the
HPA axis and working memory in subjects with early
psychasis.

Most patients were antipsychotic drug-naive on admission.
During index hospitalization, all patients were treated openly
with monotherapy using atypical antipsychotics and individu-
alized dosing. We started to use risperidone in FES in 1992,
when risperidone was the second atypical antipsychotic avail-
able in the Czech Republic (after clozapine). We used the
same treatment algorithm to minimize confounders related to
the treatment. The good risk/benefit ratio of risperidone was
recently confirmed {Zhang et al, 2013); other antipsychotics

Standard deviation

0
-02
-04
-04
-08
068 _07

B

-043 -0.15 017

-0.8
-1 -0.92
TMT-A  TMT-B  AVIT15  AVITG VFT  WOCST(PR) WCST (PE} WCST [CLR}
Test methods

Figure 1. Results from cognitive testing *Norms for corresponding age category; TMT-A: Trail Making Test: subtest A; TMT-B: Trail Making Test: subtest B; AVLT 1-5:
Auditory Verbal Learning Test: subtests 1-5; AVLT 6: Auditory Verbal Leaming Test: subtest 6; VFT: Verbal Fluency Test; WCST (PR): Wisconsin Card Sorting Test: persev-
erative responses; WCST (PE); WCST (PR): Wisconsin Card Sorting Test: perseverative errors; WCST (CLR)-WCST {PR): Wisconsin Card Sorting Test: conceptual level of

responses, Average score of healthy population is in paragraph 0.
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have been used based on clinical judgment, In severe, excep-
tional cases, the ICD 10 duration criterion was not fulfilled,
There was a significant decrease of psychopatholegy in the
average scores at the end of the treatment. Unfortunately,
samples of group comparisons (responders versus non-
responders and sUpPpPressors vVersus non-suppressors) were too
small to make any reliable conclusion,

During the treatment, a significant decrease in elevated
afternoon (basal) cortisol levels towards the normal range
occurred in all patients, The observed data corresponds with
the literature (Bradley & Dinan, 2010). Acute treatment in our
sample resulted in a significant decrease of post-dexametha-
sone cortisol levels, These data are in agreement with our pre-
vious results (Ceskova et al., 2006).

Although the average scores of the patients in our study
were, except for the attention test performance, worse than
the average performance of the healthy population stated in
the norms of the tests, these deficits were less pronounced
than in other studies focused on exploring the depth of cog-
nitive impairment in FES patients {Addington & Addington,
2002; Bilder et al, 2000; Townsend et al,, 2000)., A possible
explanation could be the relatively short illness duration
{mean 3.1 months),

Analyses suggest that increased afternoon cortisol levels at
the beginning of treatment are associated with impaired per-
formance in tasks requiring the involvement of working
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memory, short-term verbal memory (AVLT 1-5), and possibly
also with delayed memory and memory recall (AVLT 6), The
correlation of 0.42 explains only 17.6% of the variation and
future studies are needed to confirm whether this correlation
may be considered as potentially clinically relevant.

If a Bonferroni correction was applied to account for the
eight different comparisons shown in Table 5, the critical
p-value would reduce from 0.05 to 0.00625. In this case, the
correlation between AVLT 1-5 and afternoon cortisol levels at
the beginning of treatment (p=0.047) would no longer reach
statistical significance,

Qur results are consistent with other studies focused on
exploring the relationship between cortisol levels and memory
functions in animals (Wolf, 2003), healthy individuals (Lee
et al, 2007; McAllister-Williams & Rugg, 2002}, and schizophre-
nia patients (Newcomer et al, 1998; Ritsner & Strous, 2010;
Walder et al, 2000), but in contradiction with the study aimed
at studying relationship between HPA axis activity and cogni-
tion in patients with first-episode psychosis (Aas et al, 2011),
The authors found in patients {(not in a control group) a sig-
nificant correlation only between cortisol awakening response
and a more severe deficit in verbal memory; they found no
correlation between daytime cortisol levels and cognitive
functioning. The partially different results could be due to the
timing of cortisol assessment (awakening, 12:00 noon, and
800 p.m), methods (salivary cortisol assessment), or the

1.0

0,5

0,0

=2 (z-scone )

AVLT |

0 100 200 300

400 500 600 700

Afternoon cortisol level at the beginning of treatment

Figure 2, Scatter plot and linear regression of aftemoon cortisol level at the beginning of treatment and z-scores of AVLT 1-5 subtests.

Tahle 5. Correlation between aftemoaon cortisol levels at the beginning of treatment and cognitive functions,

TMT-A TMT-B AVLT 1-5 AT 6

VFT WCST (PR) WCST (PE) WCST (CLR)

ACL 0.008 0.07 —0.42% -04*

—04 -0.14 —015 -0.01

ACL: afternoon cortisol level; TMT-A: Trail Making Test: subtest A; TMT-B: Trail Making Test: subtest B; AVLT 1-5: Auditory Verbal Leaming Test: subtests 1-5; AVLT
6 Auditory Verbal Learning Test: subtest 6; VFT: Verbal Fluency Test; WCST (PR): Wisconsin Card Sorting Test: perseverative responses; WCST (PE}-WCST (PR):
Wisconsin Card Sorting Test: perseverative enrors; WCST (CLR); WCST (PR): Wisconsin Card Sorting Test: conceptual level of responses,

*Statistically significant (p< 0.05).
p < 0.06.
BSignificant after Bonferroni correction (p< 0,00625),
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patients included in the study (patients with first-episode
psychosis, mean age 30 years, range 18-65), Our sample was
more homaogenous, only males with FES, and the study was a
naturalistic one, done under the conditions of routine clinical
practice. However, our findings indicate a significant connec-
tion between memory functions and cortisol levels, which is
interesting, particularly in connection with studies document-
ing that high cortisol levels are associated with a smaller hip-
pocampal volume, even in first-episode psychosis (Borges
et al, 2013},

No significant correlations were found between afterncon
and post-dexamethasone cortisol levels, including changes in
their levels and delta PANSS scores. The second-generation
antipsychotics have been shown to significantly reduce corti-
sol levels even in healthy controls, suggesting that this effect
may be independent from the effect of the antipsychotic
medication on the psychotic symptoms (Cohrs et al,, 2006).

Limitations of our research undoubtedly included the small
number of patients enrolled, the gender homogeneity, the
open design of the study, and the lack of control groups.
Another limitation was connected with the selection of the
tests for the neurocognitive test battery, We realize that the
chosen tests do not measure only one cognitive domain and,
therefore, that some measured domains are reflected in the
results of more tests, The fact that we obtained the cognitive
data only by single measurements is also quite a significant
disadvantage, We had the advantage of a relatively homoge-
neous sample in terms of age and sex and in terms of no or
only brief antipsychotic therapy prior to study entry.

Conclusions

Although this was a preliminary study with some methodo-
logical limitations, the results suggest that higher afternoon
cortisol levels are connected with impaired performance in
memory functions, specifically working memory, delayed mem-
ory, and memory recall. A very simple laboratory test used in
routine clinical practice, such as the assessment of afternoon
cortisol levels, probably has a greater predictive value than DST
in relation to memory and it might identify suitable candidates
for possible early and specific pro-cognitive intervention,
Furthermore, antipsychotics may reduce elevated plasma
cortisol levels independent of the treatment response.
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Zavérem této kapitoly lze konstatovat, ze naruseni kognitivnich funkei patfi mezi zakladni
projevy onemocnéni schizofrenii. Jedna se 0 zdkladni pfiznak, ktery vykazuje vysokou
stabilitu v ¢ase ama vyznamnou souvislost s psychosocidlnim fungovanim V dnesni
spolecnosti a kvalitou zivota nemocnych. Odborné prace i nase studie ukazuji, ze kognitivni
deficit u schizofrenni poruchy ma urcitou dynamiku a v¢asna snaha o jeho detekci a snaha
0 jeho ovlivnéni muze ziejmé& ovlivnit dlouhodobou prognézu nemocnych. Neni zcela
jednoznaény konsenzus o dynamice kognitivniho deficitu u schizofrenie, je vSak nutné vzit
v uvahu, ze zfejmé néktefi nemocni, jiz v inicialni fazi onemocnéni, maji relativné vyrazny
kognitivni deficit. Jevi se proto jako zadouci a nezbytné zahrnout zhodnoceni kognice pomoci
adekvatnich neuropsychologickych testd do spektra béznych vySetfeni v inicialni fazi

této nemoci.
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3 Depresivni porucha a kognitivni funkce

Historie neuropsychologického zajmu 0 problematiku poruch nalady neni tak rozsahla, jako
je tomu naptiklad u schizofrenie ¢i u neurologickych onemocnéni. Zatimco u schizofrenie
je spojitost s kognitivnimi funkcemi ziejma, u deprese, ktera je primarné poruchou emoci,

se duvody pro sledovani kognitivni vykonnosti nachazeji hure.

Prvni vyzkumné zminky 0 souvislosti mezi depresivni poruchou a naruSenim kognitivnich
funkei se objevily na konci 70. let minulého stoleti. Austinova a Sweet® publikovali n&kolik
ptipadovych studii pacientd s depresivni poruchou, unichz nalezli snizeny vykon
v neuropsychologickych testech. Vysledky prvnich vyzkumi byly ale velmi sporné,
protoze se jednalo zejména 0 zpracovani kazuistik a kognitivni vykonnost U depresivnich
pacientli nebyla zkoumana systematicky. Nasledné se objevily dalsi prace zabyvajici se touto

problematikou3*%3¢3",

V soucasnosti  je nezpochybnitelné, ze velké mnozstvi pacientd S unipolarni depresivni
poruchou se potyka s naruSenim kognitivnich (pamét, pozornost, vnimani a usuzovani)
a exekutivnich (ville, pldnovani, ucelné jednani a GspéSny vykon) funkei, které ma nesporné
negativni psychosocialni dopad a vyrazné zhorSuje kvalitu zivota. Na vzniku kognitivniho
deficitu se podili cela fada faktor, mimo jiné hlavné pusobeni dlouhodobého stresu
narusujici pfirozenou plasticitu mozku a dysbalance neurotransmiterového systému. NaruSeni
mozkovych funkci mé spiSe globalné-difuzni charakter, nema specificky profil a jeho pribéh
je ovliviiovan mnoha klinickymi faktory, jako jsou naptiklad subtypy a hloubka deprese, vliv
medikace, hospitalizace a stafi. Zda se, ze k tomuto poskozeni dochazi jesté pred rozvinutim
plné symptomatologie deprese a urCitd mira naruseni muze pietrvavat iV obdobi remise.
Perzistujici kognitivni deficit miZze byt velkym problémem u farmakorezistentni a chronické
depresivni poruchy. ZhorSeny vykon Vv neuropsychologickych testech se dava do souvislosti
s rozlicnymi strukturdlnimi a funkénimi zménami mozku. Nejcastéji byvaji poSkozeny

mozkové struktury jako hipokampus, amygdala a prefrontalni kortex™®

. Pti diagnostice
narusenych kognitivnich funkci je tieba vybirat kratké a mén¢ zatézujici neuropsychologické
testy. Rehabilitani postupy vytvofené piimo pro depresivni pacienty s kognitivnim deficitem

zatim k dispozici nejsou, ale Ize pouzivat metody osvéd&ené u jinych poruch®.

Prikrylova Kuderova H, Preiss M, Bartoniova P, Piikryl R. Kognitivni vykon U depresivni
poruchy. Psychiatrie pro praxi. 2010; 11 (2): 56-58.  Autorsky podil: 30 %
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Kognitivni vykon u depresivni poruchy

PhDr. Hana Prikrylova Kucerova, Ph.D., doc. PhDr. Marek Preiss, Ph.D., Mgr. Petra Navratilova, Ph.D.,
doc. MUDr. Radovan Prikryl, Ph.D.
Psychiatricka klinika LF MU a FN Brno

Velké mnoZstvi pacientl s depresivni poruchou se potyka s narusenim kognitivnich a exekutivnich funkci, které ma negativni psycho-
sacialni dopad a vyrazné zhersuje kvalitu Zivota téchto nemocnych. Tyto poruchy se v odborné literatufe oznacuji souhrnnym pojmem
kognitivni deficit. Na jeho vzniku se podili cela fada faktori (plisobeni dlouhodobého stresu narusujici pfirozenou plasticitu mozku,
dysbalance neurotransmiterového systému atd.). NaruSeni mozkovych funkci ma spise globdlné-difuzni charakter, nema specificky
profil a jeho pribéh je ovliviiovan mnoha klinickymi faktory (napf. subtypy a hloubka deprese, vliv medikace, hospitalizace atd.). Zda
se, Ze k tomuto poskozeni dochazi jesté pred rozvinutim plné depresivni symptomatologie a urcita mira naruseni pfetrvdva i v obdabi
remise. ZhorSeny vykon v neuropsychologickych testech se dava do souvislosti s rozlicnymi strukturalnimi a funkEnimi zménami mozku
{nejcastéji byva poskozen hipokampus, amygdala a prefrontilni kartex). Pfi diagnostice kognitivniho deficitu je tfeba vybirat vhodné,
kritké a méné narocné neuropsychologickeé testy. Rehabilitagni postupy vytvorené pfimo pro depresivni pacienty s kegnitivnim defici-
tem zatim k dispozici nemame, ale Ize pouzivat metody osvédcené u jinych poruch.

Klicova slova: depresivni porucha, kognitivni deficit, kognitivni funkce, neuropsycholagie.

Cognitive performance in depression

Number of patients sufferring from unipolar depression have problems with impairment of cognitive and executive functions which we
marked as cognitive deficit. This deficit has a big influence on their quality of life, every day lifestyle, etc. Many different factors involve
in formation of cognitive deficit like influence of longitudinal stress, imbalance of neurotransmitters, etc. Impairment of cognitive func-
tions in depression has global diffused character, it does not has a specific profile and its course is influenced by many clinical factors
(subtypes and severity of depression, medication, hospitalization. ..). Cognitive impairment is present in depression probably already
before presence of symptomatology and also in remission of depression. We found different structural and functional brain abnormities
in patients suffering from depression (especially hippocampus, amygdala, prefrental cortex). During diagnostic process we should use
short, unpretentious and adequate neuropsycholegical tests. Actually we have not rehabilitation procedures directly for patients with

depression, so we use well tried methods from another disorders.

Kay words: depression, cognitive deficit, cognitive functions, neuropsychology.

Vyzkum naruSenych kognitivnich funkci
u depresivni poruchy zatfm nema pfiliS dlouhou
tradici, daleko kratsi tradici viak mé uplatnéni do-
sud objevenych poznatkd v béZné klinické praxi.
Vechny odborniky, ktefi se touto problematikou
zabyvaji, Ceks jeSté dlouh cesta, nez se podaif
najit viechny mechanizmy, které vedou ke vzni-
ku kognitivniho deficitu u pacientd s depresivni
poruchou, a jesté sloZitsjs bude nalézt vhodné
a (i¢inné postupy, jak postizenym pacientm nej-
efektivnéji pomaoci. Jiz nyni Ize mnohé odborné
poznatky uplatnit v b&Zné klinické praxi pfi volbé
vhodného |é¢ebného postupu a tak vyraznéji
pomoci lidem, kteff trpf nejen poruchou nélady,
ale kteff se také v kazdodennim b&zném Zivoté
potykaj s celou fadou problémi zplsobenych
naruSenymi kognitivnimi funkcemni, jez vyrazné
zhorduji jejich schopnost adekvétné fungovat
nejen ve spolecnosti, ale zejména i v osobnim
Zivotg, a které nazyvame souhrnnym pojmem
kognitivni deficit.

Velkd Cast pacientl (uvadi se az 5096) trpicich
depresivni poruchou se kromé poruchy nélady
potyké také s poruchami kognitivnich a exeku-

tivnich funker (1). Tyto poruchy zhorduji pacien-
tdv zdravotni stav, komplikuji I6¢bu a spolupraci
pacienta na |é¢bé, negativné ovliviiuji navrat
pacienta do bé&Znéhao Zivota a vyrazné zhoruji
Jjeho kvalitu.

Nejcaste]i se setkdvame s poruchami téchto
funkch: pozormost, vniméani, pamét, ucent, usuzo-
véni, psychomotorické tempo, slovni plynulost
a exekutivni funkce. Na vzniku kognitivniho defi-
citu u depresivni poruchy se podili cel fada fak-
tor(. Pfedpoklddi se, Ze jeho etiopatogeneze je
analogicka k etiopatogenezi samotné depresivni
poruchy. Pfesna pficina vzniku depresivni poruchy
zatim nenf stéle zndma — zndme pouze nékteré
biclogické procesy v mozku a faktory, které se mo-
hou na vzniku depresivni poruchy podilet.

Historie zkoumini kognitivniho
deficitu u depresivni poruchy

Vroce 1632 Robert Burton s odvolanim na de
Lauranse uvédi, Ze melancholie ovliviiuje ,n&jaké
dllezité schopnosti ducha, jako je imaginace &
rozum, €oz |ze pozorovat u viech melancholic-
kych osob” (2). Prvni vyzkumné zminky o vztahu
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depresivni poruchy a narusenych kognitivnich
funkci se objevujina pfelomu 70. 2 80. et 20. stoleti.
Austinovd a Sweet (1) publikovali nékolik kazuistic-
kych studif depresivnich pacient s téZkym posko-
zenim maozku, které se projevovalo zhorSenym vy-
konem v neuropsychologickych testech. Vysledky
prvnich vyzkumi byly sporné, nebot se jednalo
zejména o zpracovani kazuistik a kognitivni vy-
konnost u depresivnich pacientl nebyla zkou-
miéna systematicky. Mezi fadu metodologickych
nedostatkd tehdejSich vyzkum( Ize pocitat fakt,
7e se studie soustiedily zejména na pacientys jas-
nym strukturélnim poskozenim CNS (Parkinsonova
choroba, Huntingtonova choraba, cévni mozkova
pfihoda ¢i Alzheimerova choroba).

Ve stejné dobé (70. 1éta 20. stoletl) A. T. Beck
publikoval kognitivni teorii depresivni poruchy,
ktera povzbudila rozsahlé vyzkumné Usili zjisto-
vani poruch myZleni u této, ale i u jinych poruch.
Nésledné v 80. letech minulého stoleti Muriel
Lezakovd v prvnim vydanT Neuropsychological
Assessment shrnula u pacientd s depresivni
poruchou, bez historie poSkozeni mozku, néle-
zy studii, které pouzily dichotické naslouchéni
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a které ukazuj u t8chto pacientd na vyznamné
poskozeni pravé hemisféry (2).

Jeden ze star3ich vyzkumn( proved|i Rush, et
al. (3). Autofi zkournali 22 pacientd s unipoldrni
depres/ pomoci neuropsychologické testové
baterie. Pacienti s endogenni depresi (se so-
matickym syndromem) méli horsl vysledky
v neuropsychologickych testech nez pacien-
ti bez endogenni deprese (bez somatického
syndromu). Ve stovnani s kontrolni skupinou
pak méli pacienti s depresf (jak se somatickym
syndromem, tak bez somatického syndromu}
vyznamné snizeny vykon ve viech sledovanych
neuropsychologickych parametrech. Déle autofi
zjistuji také castecné pfetrvavani poruch mysleni
i v obdobf bez pfiznakl deprese, tedy v remisi.

V 90. letech minulého stoleti Bazin, et al. (4)
studovali disociaci explicitni a implicitni paméti
u depresivnich pacientl s ohledem na autorma-
tické a volni procesy se zavérern, Ze tato disociace
se ztratf, kdyZ se dostaviodpoved na lécbu. V roce
1995 Crews a Harrison publikuji rozsahlou préci,
ktera vychaziz Beckovy teorie depresivni poruchy,
a podrobné rozebiraj neuropsychologickeé nélezy
u depresivni poruchy. V tomtéz roce Richard, et
al. studuji neuropsychologické narudeni v testech
na mapovani frontéinich funkcia zjistuji ZlepSent
v testu slovni plynulosti pfi propusténi pacientd
z nemocnicni péce do ambulantni (2).

Dalsim vyznamnym krokem ve vyzkumu
kognitivniho deficitu u depresivni poruchy by-
la metaanalyza (1), kterd zahrnovala 13 studif,
do nichz byli zafazovani pacienti s primarni
depresivni poruchou, ktefl byli porovnavani
se skupinou zdravych osob. Vysledky ukazaly
rozsahlé naruSenf kognitivniho vykonu téméf
ve viech sledovanych kognitivnich kategoriich.
Jako nejvice narudené se jevily exekutivni funkce
a nejméné narudena byla pozornost. Rovnéz
novejsi studie, napf. Ravnkilde, et al. (5), ukazujf
relativné rozsahlé naruleni kognitivnich funkci
u pacientd s depresivni poruchou.

| v nasich padminkéch se zalinaly objevovat
prvni studie zkournajici profil kognitivnich funket
u deprese. Kucerov, et al. (6) a Pfikryl, et al. (7)
prezentovali vysledky pilotn studie, jejimz cilem
bylo zméfenf a zmapovani profilu a dynamiky
kognitivnich funkcl u pacientd s depresivni po-
ruchou. Ve shodé s literaturou vyzkum prokazal
pritomnost pomémé zévazného kognitivniho de-
ficitu v akutni fazi unipolarni depresivni poruchy.
Nejvice bylo narusenc psychomotoricke tempo,
dile schopnost reagovat co nejrychleji na vizualni
a auditivni podnéty, vizuomotorika — schopnost
retence, reprodukce a koordinace a naruseny byly
také velmi vaZné exekutivni funkce.

V roce 2005 shrnul Bremmer studie ukazu-
jici na zmény velikosti rdznych oblast! mozku
u depresivnich pacientd, pfedeviim hipokampu,
amygdaly a prefrontéiniho kortexu s upozor-
nénim, Ze tyto oblasti hraji vyznamnou ulohu
u emaci, nalady a paméti. V témZe roce pu-
blikoval Sundet, et al. (2) studii porovnavajici
neuropsychologicky profil u schizofrenie a ne-
psychotické deprese. Ukazuje se, Ze depresivni
pacienti méli naruSenou pfedeviim rychlost
zpracovani informaci.

Objevuji se dal3f studie (2), které upozornuji
na ,lepSici se kognitivni dysfunkd” (recoverable
cognitive dysfunction, RCD) jako fenomén u hos-
pitalizovanych starsich osob.

Vedle téchto studii, které pomérné konzis-
tentné uvadsji znamky narudeného kognitivniho
vykonu u pacientl s depresivni poruchou, se ob-
jevily v minulosti i vyzkumy, ve kterych nebyly
znédmky naruSeného kognitivniho fungovani
Jjednoznacné prokézany. Napfiklad studie Millera,
et al. (8) ukdzala, Ze se kognitivni vykon u depre-
sivnich pacientd vyznamné neli3l od shodného
souboru zdravych dobrovolnikd. Studie s ta-
kovymto zjisténim jsou viak velmi ojedinélé.
Vysledky byly pravdépodobné ovlivnény tim,
Ze do studie byli zahrnuti nemocni zejména
s velmi lehkou formou depresivni poruchy.

Pfi srovndvani kognitivniho deficitu mezi
nemocnymi s unipolarni depresi a schizofre-
nif jsou naléziny vyznamné rozdily. Nemocnf
s depresivni poruchou obecné prokazuji leps
vykon ve vétiiné neuropsychologickych testl
ve srovndni s nemocnymi se schizofrenil (4).
Ve studiich ale nebyl nalezen podstatngjii rozdil
v Urovni kagnitivnich funkc mezi nemocnymi
s psychotickou formou deprese a se schizofrent,
zatimco nemocnf se schizofreniivykazovali vyraz-
néjsi poruchu kognitivnich funkc nez nemocnf
s nepsychotickou formou deprese (4). Pacienti
s psychotickou depresi maji hordi kagnitivni vy-
kony oproti pacientdm s nepsychotickou formou
depresivnihc onemocnéni — vyskytuje se u nich
vice depresivnich epizod, jsou pfitomny kratsi
intervaly mezi jednotlivymi epizodami, cbjevuje
se vice rezidui, strukturalni abnormity, rozsifent
tfeti komory, v&tiT atrofie mazku a rovnéz se zjis-
tilo, Ze tito nemocn( také difve umirajf ().

Studie mapujici kagnitivni vykon u depresiv-
nich pacientd se sice liSi v nékterych detailech, nic-
méné uvadejl vesmés rozséhlé poskozeni jdouc’
napfit vétiim poctem kognitivnich domén.

Veiel (1) ve své metaanalyze shrnuje, Zze po-
Skozeni mazkovych funkci u jedincl s depresf
ma globdlnTa difuzni charakter s vy3iim zapoje-
nim frontélnich lalokd. Pfitom jak zadvaznost, tak

Prehledové ldnky

i profil kognitivntho deficitu u deprese se podo-
bajitomuy, co pozorujeme u pacientd se stfedné
tézkyrmn traumatickym poSkozenim mozku.

Skute€nost, ze mé kognitivni deficit u de-
prese globidlnia difuzni povahu, podporuje také
fakt, Ze nejvice poskozeny jsou pravé ty kogni-
tivnf oblasti, které byvajl nej¢asté]i spojovany
s difuznim poskozenim mozku (4).

V souhrnné prici Marvel a Paradiso (9) pisf
o kognitivnich deficitech u depresivni poruchy
takto: ,Kognitivni deficity pfetrvavaji | b&hemn
remise, coz naznaCuje, ze urcity typ kognitivni-
ho deficitu pfedstavuje zdkladni stavovou cha-
rakteristiku. Vy3etfeni béhem remise umozfiuje
vyzkumnikovi lépe charakterizovat podstatu
a pribéh jinych nez afektivnich symptomd spo-
Jjenych s poruchou nélady.”

PFi€iny, prabéh
a profil kognitivniho deficitu
u depresivni poruchy

Zkoumani kognitivnich procesd u depresiv-
nich pacientd pomaoci kvantifikujicich vyzkum-
nych studiftrva jiz nékolik desitek let. Je3té dfive,
nez byly vyvinuty sofistikované baterie neuro-
psychologickych testd na méfeni kognitivniho
deficitu a zobrazovaci metody, byl kognitivni
vykon zkouman ¢isté psychologickymi pfistupy
(2). Vyzkumnici, ktefi zkournaji my3leni depresiv-
nich pacient{, jsou oznacoviéni za ,kognitivné
orientované”. Podobné je tomu i u vyzkumni-
kd, ktefl pouZivaji neuropsychologické meto-
dy — oznaCujeme je jako ,neurcpsychologicky
orientované®. Oznacenf se v odborné literatufe
tasto dost nepfehledné misi. Jedna ze dvou
shrnujicich praci kognitivniho deficitu u deprese
(10} pouzivé vyrazu kognitivni, i kdyz prezentuje
prevazné neuropsychologické studie, podobné
jako jiny souhrn této problematiky (2). PFiciny
kognitivniho deficitu jsou v soucasné odbor-
né literatufe naznaeny spiSe jakec mozZnosti.
Vyskytuji se napfiklad Gvahy, jako Ze .je zapo-
tfebi syntézy kognitivnich, klinickych, vyvojo-
vych, neurovédnich a socidlné psychologickych
znalost a vyzkumu” (2). Objevuji se i jiné vyzvy,
upozornujici na nedostatecné znalosti v této
oblasti a potfebu longitudinalnich vyzkumd.

Dfive se totiz velmi zjednodusené soudilo,
Ze zjidtovany pokles kognitivniho vykonu zpl-
sobuje pravohemisférova dysfunkee, nebo jen
sniZzend motivace a vyscka unavitelnost paci-
entd s depresivni poruchou. Tyto faktory sice
vyznamné ovliviuji kolisani a miru kognitivnino
vykonu, ale samy o sobé jej vysvétlit nemochou.
Prestoze se ukdzalo, Ze je kognitivnideficit zpl-
soben patologickymi procesy v mozku, bylo by
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chybou zapominat na 1o, Ze subjektivni faktory,
Jjako Je prévé motivace, unavitelnost, csobnostni
struktura, aktudlnf emocionélni proZivani ¢i pfi-
tomnost osobnostni psychopatologie, maji také
vyrazny vliv na kognitivni vykon.

V soucasnosti pfedpoklédame, Ze za vzni-
ke depresivni poruchy pravdépodobné stgji
nedostatek nékterych neurotransmiterd v moz-
ku. K nejddlezitéjsim zménam, ke kterym do-
chazl v mozku ¢lovéka postizeného depresivni
poruchou, patff dysbalance neurotransmitero-
vého systému (spolecné s poklesern hladiny
noradrenalinu a serotoninu se také ménf hladiny
ostatnich neurctransmiterd, coZ zasahuje hlavné
acetylcholinergni systém, ktery hraje vyznam-
nou Glohu pfi kagnitivnich procesech), naruseni
neurcplasticity (neuronalni atrofie, zkréceni a sni-
Zeni pottu dendritl, narueni neurogeneze atd.)
(1) a atrofie &i dysfunkce mozkovych struktur,
které kromé emoci Uzce souvisi s kognitivni-
mi funkcemi (hipokampus, ventrainf striatum,
prefrontdln{ kortex, amygdala atd) (12). Ktémto
zméném dochézi vétSinou jesté pfed rozvojem
samotné depresivni epizody a béhem nf pak
tyto zmény akceleruji.

Mezi faktory, které zvy3uji pravdépodobnost
vzniku depresivni poruchy, patfi také geneticka
vybava jedince (u osob, jejichz pokrevni pfi-
buzni trpi depresemi, je vét3( riziko cnemoc-
nénf), dlouhadoby stres {vy33i riziko je u osob
dlouhodobé stresovanych, a pfedeviim u téch,
které nemaji moznost tento stav ovlivnit), akutni
stresujici udélosti (napf. dmrtf blizkého clovéka,
rozvod, propusténi z préice, odchod do dlicho-
du apod)), typ osobnosti {obecné je vy3ii riziko
onemaocnéni napf. u Uzkostnych lidf). Na vzniku
depresivni poruchy se mize podilet i vychova
v rodiné (zejména nepfiméfend narocnost a kri-
ticnost rodicd), tyrani nebo pohlavni zneuzivani
v détstvi.

Depresivni porucha mize byt ale vyvolana
i nékterymi chorobami, napf. pokozenim ¢i one-
mocnénim mozku (nadory, roztroulend skleréza,
demence), nékterymi |éky (napf. Iéky proti vysc-
kému krevnimu tlaku, peroraini antikoncepce,
steroidni hormony atd,) ¢i drogami.

Zobrazovaci metody mozku, neuropsycho-
logické vyzkumy a sociologické studie dokazuji,
Ze béhem depresivni poruchy, a tedy i b&hemn
rozvoje kognitivniho deficitu dochézi k patolo-
gickym zménam na mnoha Grovnich. Na jedné
Urovni jsou to molekuldrni, bunéené a struk-
turdlni zmény mozku, na dalsi Grovni dochézl
ke komplexnim zménam v psychice pacienta
a také ke zméndm v socidinim a ekonomickém
statutu nemocného (4).

Pokud vime, Ze se depresivni porucha vy-
znamné Casto pgjf s vyskytern narusenych ko-
gnitivnich funkci, musi nds zakonité zajimat, jak
vypadi profil kegnitivniho vykonu u téchto pa-
cientd. Vysledky vyzkum, mapujicich kognitivni
deficit u depresivni poruchy, jsou &asto neho-
maogenn( a v soucasnosti neexistuje jednotny
vykladovy model profilu kognitivniho fungo-
vani u deprese aniv akutnim stavu, ani v remisi.
Neurcpsychologické studie se ve vztahu k de-
presi soustfedi zejména na zkoumani pamaéti
a ucenf, exekutivnich funkci a pozornosti. Déle
Jsou nachazeny poruchy voblasti jazykovych do-
vednostf, vizudln percepce a motorickych funkei
{4). Jalo disledek viastni deprese se u pacientl
objevuje obecné snizeni psychomotorického
tempa.

Zévaznost kegnitivniho deficitu u depresivni
poruchy je také ovliviovina celou fadou klinic-
kych faktor(l, mezi které patfi hlavné hloubka
a subtypy deprese, vliv medikace, vliv hospita-
lizace a vék pacienta. Mezi hloubkou depresivni
poruchy a mirou kognitivniho postizeni se zdd
byt pfima uméra. Také |ze pfedpoklédat, Ze chro-
nickd deprese bude mit na kagnitivni vykon
silngj& dopad.

Neuropsychologické vyietieni
a moZnosti rehabilitace
kognitivniho vykonu

u depresivni poruchy

PFi vySetfovani kognitivniho deficitu u de-
presivnich pacientd je tfeba dodrZovat urcité
zésady. Neuropsychologicke vysetfeni by mélo
byt relativné krétké a nepfilis zatdzujici, testy by
mély pokryt alespor hlavni domény — pozornost,
uceni, pamét a exekutivni funkce a je ddlezité
testy hodnotit nejen kvantitativng, ale také i kva-
litativné a velice opatrng, vzhledem k mnozstvl
intervenujicich proménnych, interpretovat ziska-
né vysledky. V soucasnosti neexistuje viecbec
né akceptované testové vySetfenl orientované
na neuropsychologickou vykonnost pacient(
bé&hem depresivni epizady ¢i v remisi.

TaktéZ v soucasnosti neexistuje specificka
neuropsychologicka rehabilitace kognitivniho
deficitu u depresivni poruchy, takze se musime
spokajit s metodami pouZivanymi u jinych dia-
gndz. Rehabilitacni pokusy jsou orientovany
nejriznéjsimi sméry (meditace, neuropsycho-
logicka remediace, rlizné varianty kognitivné
behaviorélni psychoterapie, pfistupy zalozené
na zkoumani plasticity mozku, pfimy trénink
kognitivnich funkef atd.). Soucasny stav znalostl
viak neumozniuje jednoznacné preferovat né-
ktery z uvedenych pfistupl (2). Pi rehabilitaci
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Je mozné z neuropsychologického hlediska

postupovat ve tfech krocich:

1. Zjistit, nejlépe opakovanym vySetfenim,
zda kognitivni deficit u depresivni poruchy
existuje na neuropsychologické Urovni,
tj. na urovni méfitelné neurcpsycholo-
gickymi testy, ov&fit, zda se jednd o objek-
tivni (méfitelny) nebo jen subjektivni pocit
naruSené vykonnosti. | toto druhé Zjisténi je
nutno pokladat za vyznamné.

2. V pfipadé zji§téni kognitivnich deficitd
se pokusit hledat cesty, jak kompenzovat
snizenou vykonnost (napf. pacienta, ktery
ma i v obdobf remise nemodi drobné potize
s verbdlni pamétf, mizeme vést k pouzivani
zdznamU atd.).

3. Prizplsobit psychoterapii kognitivnim
deficitdm, jejichz profil a zmény mizeme
v pribéhu rehabilitace a lécby opakované
meFit.
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Studie provadéna na Psychiatrické klinice LF MU a FN Brno byla jednou z prvnich praci
v Ceské republice (2002-2003), kterd se zabyvala zmapovanim profilu kognitivnich funkci
u nemocnych s depresivni poruchou pomoci komplexni baterie neuropsychologickych testu.
Po Gspésné antidepresivni 1éébé doSlo unemocnych ke zlepSeni jistych parametri
kognitivnich ~ funkci, aleur¢itd mira kognitivniho naruseni pfetrvavala 1V dobé¢,
kdy jiz nemocni byli bez depresivni symptomatologie, tedy v remisi. Vysledky této prace
nelze jist¢ vzhledem k malému poCtu zafazenych pacienti generalizovat, ale jednalo
se 0 ,,prvni vlaStovku* mezi studiemi, ktera obratila pozornost k této problematice a ukazala,
ze nejen depresivni symptomatologie samotna, ale zejména naruseni kognitivnich funkci
jetim faktorem, ktery vyznamné omezuje pracovni asocialni fungovani nemocnych

s depresivni poruchou.

Kuéerova H, Pfikryl R, Ceskova E, Kasparek T. Vlastni zkuSenosti S vySetfovanim

kognitivnich funkci u depresivni poruchy (2.¢ast). Ceska Slov Psychiatr. 2003; 8: 442-445.
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SDELENI Z PRAXE

Vlastni zkuSenosti s vySetifovanim kognitivnich“
funkei u depresivni poruchy
(Cast 2.)

Kucerova H., Prikryl R., Ceskova E., Kasparek T., Spacek J., Perna M.
Psychiatrické klinika LF MU a FN, Brno,
prednosta prof. MUDr. E. Cegkova, CSe.

Souhrn: Souéasna psychiatricka literatura poskytuje pomérné milo informaci o moZnostech
jak ovlivnit kognitivni deficit u nemocnych s depresivni poruchou. Price zabyvajici se touto
problematikou se vyznaéuji znaénou metodologickou rozmanitosti. Ta spoéiva nejen v problematické
identifikaci kognitivniho deficitu a moZnosti jeho ovlivnéni, dale v odli¥né definici uzdravy,
v pouZiti riznych neuropsychologickych testii i nestejné 1é¢by, vEetné elektrokonvulzivni terapie.
Pro tigely hodnoceni kognitivniho deficitu u deprese jsme sestavili baterii neuropsychologickych
test. Kognitivni funkce byly pro ovéFeni vhodnosti baterie vySetfeny zatim jen u tfi nemocnych
s depresi. U vSech nemocnych byla diagnostikovina utlumova forma deprese, nasledné byli 1ééeni
milnacipranem. Pfed a po étyFtydenni antidepresivni 16&bé byla hodnocena troveii nami sledovanych
kognitivnich funkci a souéasné klinicka symptomatologie pomoci Hamiltonovy skaly deprese. Ve
shodé s literaturou jsme prokazali pFitomnost kognitivniho deficitu u depresivni poruchy. Usp&&na
lé¢ba milnacipranem vedla zejména k tpravé psychomotorického tempa a paméfovych funkei,
naznaéen byl i trend ke zlepeni ptivodné narudenych vysgich exekutivnich funkei. I kdyZ ziskané
vysledky vzhledem k poétu vysetfovanych nemocnych nelze samoziejmé nijak generalizovat, pfesto
je 1ze povazovat za prispévek k potvrzeni pritomnosti kognitivniho deficitu u depresivni poruchy.
Kli¢ova slova: deprese, kognitivni deficit, kognitivni funkce, neuropsychologické testy.

Summary: Kuéerova H., Prikryl R., Ceskova E., Kadpérek T., Spacek J., Perna M.: Our Experience with
the Cognitive Functions Investigation in Depression (Part 2)

Current psychiatric literature presents only little information on the possibilities of influencing
cognitive deficiency in patients suffering from depressive disorders. If any, works addressing
the issue are characterised by considerable methodological diversity and recovery is defined in
different ways, different neuropsychological tests and different therapeutic approaches including
electroconvulsion are used. In order to assess cognitive deficiency in depression, we created a set of
neuropsychological tests. Cognitive functions of three depressive patients were examined. In these
three patients the inhibitory form of depression was diagnosed and milnaciprane therapy started.
The level of the cognitive functions under analysis as well as clinical symptoms measured on the
Hamilton scale for depression were evaluated prior to and after four-week antidepressant therapy.
The milnacipran therapy succeeded, leading above all to an improvement of the psychomotor rate
and memory functions and a trend towards an improvement of the originally deficient higher
executive functions was observed, too. Although the number of patients analysed does not allow us
to generalise the results, they can nevertheless be regarded as supporting the idea of association of

cognitive deficiency with depressive disorders.

Key words: cognitive functions, cognitive deficit, depression, neuropsychological assessment.
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UVOD

Sou¢asna psychiatricka literatura poskytuje
pomérné malo informaci 0 moznostech jak ovlivnit
kognitivni deficit u nemocnych s depresivni poru-
chou. Zatim jen nevelky pocet autora se zabyval
vySetfovanim kognitivnich funkei u nemocnych
s depresi v dobé dosazeni klinické remise. Paradi-
so prokézal pretrvavajici kognitivni deficit u téch
nemocnych, ktefi byli povaZovéni za respondéry
na létbu. Vyznamné narusena ztstavala zejména
funkce pfenosu pozornosti na nové podnéty. Vliv
medikament6zn{ 1ééby nebyl prokazéan (13). Prace
zabyvajici se touto problematikou se vyznadéuji

znacnou metodologickou rozmanitosti. Ta spogiva
nejen v problematické identifikaci kognitivniho
deficitu a moZnostech jeho ovlivnéni, ale i v pouziti
raznych neuropsychologickych testi, v heterogeni-
té depresivniho onemocnéni, v odli&né definici ruz-
nych neuropsychologickych testd, v odliné definici
remise i nestejné 1é¢by, véetné elektrokonvulzivni
terapie (2, 12, 14). I kdyZ je dosaZzena remise, dil-
¢i deficity kognitivnich funkei nadile pfetrvavaji.
Involuéni deprese je spojena s trvalym narugenim
slovni plynulosti, prodlouzenim reakénich ¢ast
a perseveraci (3). Sternberg a Javik vysetfovali ko-
gnitivni funkce u nemocnych s endogenni formou
deprese, ktefi byli lé¢eni tricyklickymi antidepre-
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sivy. Zjistili, Ze zlepSeni pracovni paméti uzce sou-
viselo s mirou uzdraveni, zatimco schopnost uéeni
a kratkodoba pamét zistaly defektni (21). U ne-
mocnych s unipolarni depresi lé¢enych po dobu éty#
tydnti imipraminem byla reaktivita na léébu spoje-
na se zlepSenim pamétovych funkci (14). I pfesto je
ale u nemocnych v remisi popisovan pretrvavajici
deficit v implicitni i explicitni paméti (2). V oblasti
vykonovych funkei jsou nélezy sporné. Slovni ply-
nulost ma tendenci ke zlepseni, vykon ve Stroopové
testu zlstava beze zmén (22). Lze tedy shrnout, ze
u nemocnych s depresi pravdépodobné pretrvava
Jjisty deficit pamétovych a vykonovych funkei i po
dosazeni klinické remise. Sporny oviem zlstava
vliv 1é¢by, trvani onemocnéni ¢i poéet piedchozich
epizod (10). P¥imo se nabizi paralela ve srovnani se
schizofrennim onemocnénim. ;

Z novéjsich antidepresiv byl u deprese nejvice
studovan mozny vliv milnacipranu na uroven
kognitivnich funkei (1, 7, 9). Bylo prokazano, ze
denni davka 100 mg milnacipranu nijak neovliv-
fuje kvalitu kognitivnich funkei u zdravych dob-
rovolnika. Pfipadné naruSeni kognitivnich funkei
se tykd spiSe starsich nemocnych. Tato populace
pacientu je totiz vice nachylna na nezadouci éin-
ky antidepresiv, a to zejména téch starsich jako
jsou tricyklicka antidepresiva (TCA). Pt srovnani
milnacipranu s amitriptylinem bylo zjidténo, ze
amitriptylin zhorsuje reakéni éas (9). Hindmarch
Jiz ve své starsi studii prokazal, Ze vSechna tri-
cyklicka antidepresiva s vyjimkou lofepraminu
a mianserinu s trazodonem vyznamné zhoriuji
schopnost zpracovéni senzorickych a motorickych
podnéta (8). Naproti tomu se zd4, ze antidepre-
siva ze skupiny selektivnich inhibitort zpétného
vychytavani serotoninu (SSRI) jsou schopna zvy-
$it vykon ve zpracovani téchto podnétii. Spekuluje
se, ze je to snad diky jejich psychostimulaénimu
efektu (18).

Hodnoceni kognitivniho deficitu

V soucasnosti je k dispozici cela fada neuropsy-
chologickych testd, pomoci kterych mazeme detailné
hodnotit jednotlivé domény kognitivniho deficitu. Je
nezbytné poloZit si otazku, které kognitivni funkce
Jjsou u depresivniho onemocnéni nejvice naruseny?
Komplexni vySetfeni by mélo zahrnovat viechny za-
kladni komponenty kognitivnich funkci. Patii mezi
né nepochybné pamét a jeji jednotlivé komponenty
Jjako je pracovni pamét, schopnost uéeni a vyba-
vovéni informaci - jedna se jak o subjektivni pocit
pacienti, ktefi si velmi ¢asto stéZuji na to, Ze si nic
nepamatuji, rychle zapominaji atd., tak i o objektiv-
ni danost, Ze mnestické funkce u depresivniho one-
mocnéni patii k tém vice postizenym z kognitivnich
funkei, dale premorbidni intelekt, vykonové funkce,
pozornost, slovni plynulost a vizuomotorické doved-
nosti. Pro tcely hodnoceni kognitivniho deficitu u de-
prese jsme sestavili baterii neuropsychologickych
testl. Vzhledem k podobnosti naruseni kognitivnich

funkci u deprese a schizofrenie jsme jako zaklad
baterie pouzili neuropsychologické testy vyuzivané
pro vySetrovani nemocnych se schizofrenii. Celkova

doba vysetfeni je v praméru dvé az dvé a pty] hodiny, -

nemocni ji provadéji podle svych schopnosti a aktu-
alnich moznosti tieba i nékolik dnii. Zvolené testy
nepodléhaji zacviku (u Wisconsinského testu tFidéni
karet je toto kritérium sporné) a jsou bézné dostup-
né. Zaradili jsme nésledujici testy:

1. Bourdonuv diskriminacni test zjistuje tro-
veni psychomotorického tempa, rychlost vnimani,
schopnost koncentrace, stalost (oscilaci) pozornosti
a schopnost podriet v paméti uréitou predlohu
podnéti, jakoz i vykonovou kapacitu ve smyslu pra-
covniho tempa a unavitelnosti, coz jsou charakteris-
tiky, které se nejvice méni pravé pii neuropsychické
zatézi (11). Vybran byl proto, Ze nepiedpoklada
zadné zvlastni znalosti ¢i védomosti. Je homogenni,
objektivni, dostateéné validni, jeho ulohy jsou jed-
noduché a nazorné resitelné. Princip testu spociva
v diferenciaci (pieskrtavani a podtrhavani) tvarové
a symbolové si velmi podobnych podnéti v pribéhu
presné stanoveného ¢asu.

2. Bentontw vizudlné retencni test hodnoti kratko-
dobou vizualni a pracovni pamét, troven vizuomo-
torické retence, koordinace a reprodukce (4). Mé&ri
parametry, o kterych se predpoklada, ze maji uzky
vztah k organickému postiZeni centralniho nervoveé-
ho systému (CNS). Zahrnuje posouzeni senzorické
slozky (tj. vizualni percepce) 1 slozky motorické (tj.
provedeni kresby). Postupné je pacientovi predkla-
déno 10 karet, na nichz je vyobrazena jedna nebo
vice figur, které jsou povazovany za abstraktni kres-
by nesymbolické povahy. Pacient se diva na kazdou
kartu po dobu 10 sekund, poté je mu karta odebrana
a on kresli, co si zapamatoval.

3. Reakéni ¢asy na vizudlni a auditivni podnéty
méii reakéni ¢as na vizudlni a auditivni podnéty
v sekundach. Pacient reaguje stiskem klavesy na
objeveni se hvézdi¢ky na monitoru poéitace nebo na
dany zvukovy podnét.

4. Skdla aktudlni paméti je sebehodnotici skala,
obsahujici rtizné vyroky, které se tykaji priubéhu
zapamatovdni ¢ zapomindni (20). Nezjistuje tedy
objektivni pamétovy vykon, nybrz subjektivni hod-
noceni trovné vlastni paméti. U kazdého vyroku pa-
cient urci na pétistupnové hodnotici skale intenzitu,
ktera nejlépe odpovida jeho stavu.

5. Wechslerova pamétovd $kdla hodnoti objektiv-
né droven pamétovych schopnosti (15). Na jejim za-
kladé je mozno dospét k tzv. pamétovému kvocientu
(memory quotient - MQ), ktery je srovnatelny s 1Q
(inteligence quotient).

6. Test slovni fluence (verbal fluency test- VFT)
hodnoti slovni plynulost a také verbalni pracovni
pamét. Ukolem pacienta je v éasovém limitu jedné
minuty vymyslet co nejvice slov zaéinajicich na
dané pismeno (17).

7. Wisconsinky test tFidéni karet (WCST) hodnoti
uroven vyssich exekutivnich funkei (6). Je povazo-
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van za méfitko ,exekutivnich, vykonovych funkci®,
které znamenaji schopnost rozvinout a zdrzet
vhodnou, problém fe$ici strategii, i pres ménici se
podnétové podminky tak, aby bylo dosaZeno urce-
ného cile. Reseni vyzaduje schopnost strategického
planovéni, organizaci zkoumani, vyuziti zpétné
vazby a modulovéani odpovédi na podnéty. Na roz-
dil od jinych hodnoceni abstraktnich rozumovych
schopnosti, WCST odhaluje i zdroj specifickych ob-
tiz{ pfi feSeni ukolu. WCST se sklada ze éty¥ podné-
tovych karet a 128 odpovédovych (response) karet,
na kterych jsou obrazce riznych tvard, barev a po-
¢tu obraze. Principem tohoto testu je piikladani
odpovédovych karet k jedné ze ¢ty podnétovych.
Pacient nevi, podle jakého kritéria ma karty t¥idit.
Je mu pouze feCeno, zda kartu piifadil spravné
nebo $patné. Jakmile pacient prifadi spravné po
sobé jdoucich deset karet, je princip tridéni nahle
zménén a pacient musi hledat novou strategii.

8. Ravenovy progresivni matrice jsou never-
balnim testem inteligence. Jedna se o homogenni
nazorovou zkouSku abstraktni tvarové percepce
a dedukce. Hodnoti schopnost nazirat na uréité
tvary, chapat jejich povahu, jejich vzdjemné vztahy
a uplatiovani logického mysleni (19). Uroven inte-
lektu je dulezita pro objektivni posouzeni vykono-
vych funkei pomoci WCST.

Zakladni charakteristika nemocnych
s depresi

Kognitivni funkce byly vySetfeny u tii ne-
mocnych s depresi, ktefi byli hospitalizovani
na Psychiatrické klinice Lékafské fakulty Ma-
sarykovy univerzity a Fakultni nemocnice v Br-
né. U vSech nemocnych byla diagnostikovana
utlumova forma deprese, nasledné byli Iéceni
milnacipranem v koneéné davece 100 mg pro die
(u druhého nemocného v kombinaci s lithiem,
jinak se jednalo o monoterapii). Snazili jsme
se dosahnout co nejvétsi homogenity souboru.
Pfred a po ¢tyftydenni antidepresivni léché
byla hodnocena droven nami sledovanych ko-
gnitivnich funkei (kromé zjistovani intelektové
urovné - Ravenovy progresivni matrice které se
provadélo pouze jednou a vSichni probandi méli
intelektové funkce nadprumérné) a soucasné
byla také hodnocena klinicka symptomatologie
pomoci $kaly HAMD (Hamiltonova Skala depre-
se) (5).

Pruni pacient je roénik 1954, vyuéil se obrabééem
kovi. Pracoval ve svém oboru az do roku 2001, kdy
ziskal ID z psychiatrické indikace. Je Zenaty, své
manzelstvi povazuje za harmonické. Po télesné stran-
ce se s ni¢im neléci, abusus oznacuje za bezvyznam-
ny, psychiatrickou hereditu v rodiné neuvadi. Byl
piijat k hospitalizaci pro druhou epizodu rekurentni
depresivni poruchy podle MKN-10 (Mezinarodni
klasifikace nemoci, 10. revize). Onemocnéni trva
od roku 2000, délka nynéji epizody je éty¥i mésice.

Pred hospitalizaci byl netispééné ambulantné lééen
mirtazapinem.

Druhy pacient je rocnik 1951, ma vysokoskolské
vzdélani v technickém sméru. Pracuje jako inZenyr. Je
zenaty, své manzelstvi hodnoti jako stastné. Po télesné
strance se 1é¢i pro mnohodetny myelom, v roce 2002
uspésné absolvoval autotransplantaci kostni diené.
Abusus povazuje za bezvyznamny. Stran psychiatrické
heredity jsou vyznamné sebevrazdy otce a bratra. Byl
ptijat k hospitalizaci pro étvrtou depresivni epizodu
v ramci bipolarni afektivni poruchy podle MKN-10.
Onemocnéni trva od roku 1992, v roce 1996 doslo k pre-
smyku depresivni epizody do hypoménie. V ambulant-
ni psychiatrické pééi byl dlouhodobé stabilizovan na
lithiu. Pro rozvoj souéasné epizody deprese trvajici po
dobu t¥i mésict byl pfidan bez uspéchu fluoxetin.

Treti pacient je rocnik 1952, absolvoval vysokou
Skolu ekonomickou. Pracuje jako spravee poéitacové
sité. Je dvakrat rozvedeny, Zije sam. Po télesné strance
se 1é¢i pro hypertenzi. Byl prijat k hospitalizaci pro
depresivni epizodu podle MKN-10. Onemocnéni trva
po dobu péti mésici, ambulantné byl netispésné lécen
fluoxetinem. V souvislosti s rozvojem depresivniho
onemocnéni pFipousti v poslednim mésici zvySenou
konzumaci alkoholu, asi jeden litr vina denné. Stran
psychiatrické heredity jsou vyznamné sebevrazdy
sestry a stryce.
vysledky vyjadfili v medianech s uvedenou minimalni
a maximélni hodnotou. Vzhledem k poétu nemocnych
se pochopitelné nejedna o statistickou analyzu, nybrz
jen o deskriptivni popis.

Uéinnost 1é&by nasich nemocnych z pohledu
HAMD

Zavaznost deprese u vsech trech nemocnych
pred lécbou byla podle HAMD v medianech 32
(min. 30, max. 33). Faktor &islo 5 této $kaly, ktery
specificky hodnoti psychomotoricky tutlum, dosahl
v medianech hodnoty 10 (min. 10, max. 11). Po 1é¢bé
celkové skore HAMD pokleslo o 87,5% na hodnotu
medidnu 4 (min. 3, max. 6), stejné tak i ukazatel
psychomotorického utlumu, ktery se snizil o 90 %
na hodnotu medianu 1 (min. 1, max. 2). Z vy$e uve-
deného jednozna¢né vyplyva, Ze véechny nemocné
lze povazovat za plné respondéry na léchu.

Kognitivni deficit u deprese a nase vlastni
zkuSenosti

Z vySetfeni nemocnych jsme pomoci neuro-
psychologickych testu ziskali nasledujici profil
kognitivnich funkei. Intelektova uroven byla
pred i po 1é¢bé mirné nadprimérna (IQ: median:
115, min. 113, max. 139). Je ale znamym faktem,
Ze nami pouzity inteligenéni test p¥i vékové
korekei nadhodnocuje. Psychomotorické tempo
pred lécbou dosahovalo vyrazné defektni trov-
né (median: 1013, min. 337, max. 1092). I kdyz
lécba vedla k vyraznému zlep$eni, piesto nebylo
dosazeno urovné normy a psychomotorické tem-
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po zustava nadédle mirné podprimérné (median:
1515, min. 555, max. 1622). Podpramérna uroven
cilené koncentrace pozornosti zustala bé&hem
celého sledovani bez podstatnéjsich zmén (me-
dian: 51, min. 7, max. 70). Objektivni hodnoceni
pamétovych funkei bylo pfed 1é¢bou vyrazné pod-
prumérné (MQ: median: 94, min. 81, max. 104),
po 1é¢bé se upravilo do normy (MQ: median: 110,
min. 94, max. 124). Stejny trend byl pozorovan
i pfi subjektivnim hodnoceni paméti nemocnymi.
Vizualni reakéni ¢éas se v prubéhu lécby mirné
zlepsil z drovné defektni (median: 37, min. 28,
max. 38) na podprumérnou (median: 24, min. 21,
max. 35), zatimeo auditivni zGstal po celou dobu
podprumérny (median: 27, min. 20, max. 31).
Vykon v testu slovni plynulosti byl pred 1é¢bou
defektni (median: 36, min. 21, max. 56). Po 1écbé
bylo zaznamenano podstatné zlepSeni, které ale
nedosahovalo stanovené normy pro standardni
populaci (median: 50, min. 50, max. 53). Pomoci
WCST jsme u nemocnych prokazali sttedné tézké
poskozeni vyssich exekutivnich funkci. Béhem
lé¢by byl naznacen jednoznaény trend k postup-
nému zlepSovani, které viak nedosahlo turovné
normy. U nasich nemocnych po étyfech tydnech
lééby a navzdory dosazené klinické remise i na-

dale pretrvavalo lehké poskozeni vyssich exeku-
tivnich funkei.

SHRNUTI A ZAVER

Sestavili jsme baterii neuropsychologickych testii,
pomoci které jsme vySetfovali trover kognitivnich
funkeci u nemocnych s utlumovou formou deprese.
Béhem étyrtydenniho sledovani dosahli vsichni ne-
mocni pii 1é¢bé milnacipranem tplné remise. Ve shodé
s literaturou jsme prokazali u depresivni poruchy pri-
tomnost kognitivniho deficitu. Uspésna lécba vedla ze-
jména k upravé psychomotorického tempa a paméto-
vych funkei, naznacen byl i trend ke zlepSeni pivodné
narusenych vysSich exekutivnich funkei. Nami ziskané
vysledky lze u depresivni poruchy povazovat za pri-
spévek k potvrzeni pfitomnosti kognitivniho deficitu.
7 nasich dosavadnich zkusenosti vyplyva, Ze zhorSeni
kognitivnich funkei u nemocnych s depresi pretrvava
iv dobé, kdy je jiz z klinického hlediska povazujeme za
respondéry, tedy v ¢ase aplné remise. Domnivame se
tedy, Ze sledovani drovné kognitivnich funkci u deprese
by nemélo byt opomijeno, protoze pravé kognitivni de-
ficit je pravdépodobné tim faktorem, ktery vyznamné
omezuje socialni i pracovni fungovani nasich pacientii.
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Ve stiedu naseho vyzkumného zajmu pozdé&ji i nadale zistavala malo probadana problematika
kognitivniho naruSeni Unemocnych depresivni poruchou. Ve velmi uzké spolupraci
s prazskymi kolegy jsme pokracovali ve vyzkumu, podafilo Se ndm spolecné ziskat relativné
velky pocet pacientd s depresivni poruchou Ve fazi remise (N=97) ataké velky kontrolni
soubor. Pacienti byli $kalovani adekvatnimi psychiatrickymi $kalami a administrovana byla
vSem stejnd baterie neuropsychologickych testli postihujici hlavni domény kognitivnich
funkci. Mapovany byly také vS§emozné intervenujici proménné, které by mohly kognitivni
funkce jakymkoli zptisobem ovliviiovat (napft. fakt hospitalizace; demografické udaje; délka

trvani nemoci; to, zda nemocni byli aktualné na antidepresivni medikaci ¢i ne; atd....)

Pokud struéné shrneme vysledky této rozsahlé studie, tak se ukazalo, Ze:

= fakt hospitalizace nema vétsi vliv na kognitivni vykonnost. Vysledky obou skupin,
hospitalizovanych a nikdy nehospitalizovanych nemocnych aktualné v remisi, byly
V podstaté srovnatelné a obé tyto skupiny mély vysledky horsi nez kontrolni skupina.
Naruseni kognitivnich funkci jsme nalezli u34% hospitalizovanych a Vv priméru
u 20% nikdy nehospitalizovanych nemocnych;

= j pfes fakt, Ze se nemocni nachazeli v klinicky bezptiznakovém obdobi, tedy v remisi
depresivniho onemocnéni, oproti kontrolnimu souboru vykazovali naruSeni
pozornosti, exekutivnich funkci a verbalni paméti. Nalezena byla jistd korelace mezi
depresivni symptomatologii a Grovni pozornosti a oddaleného verbalniho vybaveni
u celého souboru — vyssi Groven depresivni symptomatologie byla spojena s niZ$im
kognitivnim vykonem, tato korelace ale nebyla nalezena u individualniho méfeni.
Nalezeny deficit v pozornosti a v oddaleném verbalnim vybaveni by tedy mohl slouzit
jako indikator depresivni poruchy u ambulantnich pacientt;

* nemocni Sdepresivni poruchou (bez ohledu na fakt, zda byli nebo nebyli aktualné
medikovani) méli hor§i vykony vesrovnani s kontrolami, ai po korekci
pro subjektivni miru deprese zustal deficit v oddaleném vybaveni signifikantni.
Vysledky naznacily, ze pravé deficit ve verbdlni paméti U pacientll s unipolarni
depresivni poruchou v remisi by mohl byt povazovan za,trait marker” tohoto

onemocnéni.

39



Preiss M, Prikrylova Kucerova H, Lukavsky J, Sos P. Cognitive deficits in hospitalized
and never hospitalized remitted unipolar depressive patients. Eur J Psychiatry. 2010; 24 (3):
129-135.  IF=0,4652

Preiss M, Prikrylova Kucerova H, Lukavsky j, Stepankova H. Cognitive deficits
in euthymic phase of unipolar depression. Psychiatry Research. 2009; 169: 235-239.
IF=2,666

Preiss M, Kucerova H, Stepankova H, Sos P, Lukavsky J, Kawaciukova R. Cognitive deficits
in unipolar depression during remission — Auditory Verbal Learning Test findings.
Psychiatrie. 2007; 11 (suppl. 3): 79-83.

Autorsky podil: 30 %

40



Eur. J. Psychiat. Vol. 24, N.” 3, (129-135)
2010

Keywords: Hospitalization; Major depressive api-
Short report sode; Aemission; Cognitive function; Course of ill-

ness; Outcome.

Cognitive deficits in hospitalized and never
hospitalized remitted unipolar depressive patients

Marek Prelss*
Hana Kucerova**
Jirl Lukavsky***
Peir Sos*

Hana Stepankova*
Radka Cermakova*

* Prague Psychiatric Center

** The Faculty Hospital Brno, Brno
*** Academy of Sciences, Prague
CZECH REPUBLIC

ABSTRACT — Background and Objectives: Little is known about the differences between
patients managing depression on an outpatient basis as compared with hospitalized ones.
This study investigated the performance of attention, executive function and verbal mem-
ory during remission from unipolar depressive episodes and compare patients with and
without history of hospitalization.

Methods: The sample of participants who had undergone one or more hospitalizations (hos-
pitalized, N = 46) as well as in a sample without hospitalization (never hospitalized, N = 46) and
controls (N = 92) were used. The Auditory Verbal Learning Test (AVLT) and the Trail
Making Test (TMT) were administrated to test this hypothesis.

Resuits and conclusion: The hospitalized sample had similar results in all four neu-
ropsychological variables in comparison with the never hospitalized group, and both
groups had some lower results in comparison with controls. In comparison with the con-
trols, hospitalized sample had mean cognitive deficits of 34% (28-41%), the never hospi-
talized group had a mean of 20% (21-35%). Contrary to previous reports we have found
no meaningful differences between the two patient groups.
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Introduction

Major depression is a prevalent and dis-
abling disorder with high rates of recurrence
and chronicity!2. Cognitive impairment is
likely to be a key factor affecting the sub-
ject’s ability to function occupationally’-S.
The “therapeutic” aspects of mental hospi-
talization are generally taken for granted,
and are usually considered to comprise pro-
tection, separation from a potentially patho-
genic environment, and positive contact be-
tween patients and staff’.

Kessing®, who studied patients with pri-
mary affective disorders who had under-
gone hospitalization for depression, mania
or a recurrent episode, and with no further
admissions or with 2 more additional ad-
missions, found that cognitive impairment
appears to increase with the increasing
number of episodes a patient has experi-
enced. On the other hand, patients with a
history of more than one hospitalization did
not show any differences compared to pa-
tients experiencing their first hospitalization
on most of the neuropsychological tests and
clinical variables’. We might think that im-
paired cognitive performance in hospital-
ized patients relates to the fact that people
with more severe symptomathology are hos-
pitalized. The patients with a history of hos-
pitalization had worse results than those
without such a history'%!!, Neuropsycho-
logical assessment is an ideal strategy for
obtaining collaborative data in a psychiatric
population due to the presumed absence of
self-report bias'2. We assumed that remitted
patients who were previously hospitalized

would demonstrate worse impairment of at-
tention, memory and executive function in
comparison to those remitted patients who
had never been hospitalized.

Material and Methods

Sample

The study was conducted with 92 unipolar
depressive outpatients (42 men and 50
women; Table 1 and 2). All the patients met
the criteria for formerly having major de-
pressive disorder according to ICD-10. All
patients were in a remitted state at the time
of testing. Remission was defined as a peri-
od of at least 2 months during which the sub-
ject functioned well (subjectively according
to the patient and objectively according to
their psychiatrist) and the MADRS on the
day of study < 12. Patients were divided into
two groups: never hospitalized (N = 46) or
hospitalized (N = 46). Controls were recruit-
ed from the general population and they
were matched for age, gender and education
with the test groups (Table 1).

Individnals with mental retardation (IQ <
70 according to subtest Information from
WAIS-R, scale score 6 and lower), dementia,
substance abuse/dependence, neurclogical
disorders or clinical/laboratory indications
of a severe organic disease, actual or prior
bipolar I or II were not counted. Written
consent was obtained and the study was ap-
proved by the Ethical Regional Committee
for Medicine of Prague Psychiatric Center.
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Table 1
Family and occupational status in patient’s group

Hospitalized % Never hospitalized %
Family status
Single 6 13 11 24
Married 31 67 23 50
Divorced 7 15 10 22
Widow/er 2 4 2 4
Occupation
Partially disabled 6 0 5 11
Partially disabled + employed 6 13 1 2
Unemployed 0 0 0 0
Maternity leave 1 2 2 4
Household D 0 2 4
Student 1 2 3 7
Fully disabled D 0 1 2
Old age pension 1 2 1 2
Entrepreneur 10 22 6 13
Employee 27 59 23 50
Rehabilitation D 0 2 4
Methods pitalizations). On average, hospitalized pa-

All subjects were given a battery of short
neuropsychological tests (Table 3). Tradition-
al neuropsychological criteria for cognitive
impairment would identify those individuals
who performed better than 1 SD below the
healthy control mean as “unimpaired’”!3-14,

Results

As can be seen in Table 2, groups were
well matched. The number of hospitaliza-
tions was rather small in the hospitalized
group (M = 1.9, SD = 1.0; maximum 5 hos-

tients had been hospitalized 4 years prior
(M =4.2, SD = 3.9). The mean duration of
illness was 17.8 years in the hospitalized
group and 12.3 in never hospitalized group.
The average age of the first depressive
episode was 29.4 resp. 29.6 years. The mean
number of depressive episodes was subjec-
tively 2.9 vs. 2.4 and according to medical
records 2.5 vs. 1.8.

Performance of both groups is presented in
Table 4. Mean z-scores of patients and con-
trols are seen in Table 5. In comparison with
the controls, all mean z-scores for the depres-
sive groups are lower. The hospitalized sam-
ple had cognitive deficits in the AVLT Trial
(28%), in AVLT delayed recall (35%), in the
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’113‘11.;:: icmographic and treatment details (means with SD in parentheses)
Hospitalized  Never Hospitalized  Controls
(N = 46) (N = 46) (N =92) P

Age 47.3 (104) 43.5(13.0) 462 (12.0) ms.
Education* 8322 8.7(2.1) 25(2.1) ns.
Gender (Male/Female) 2521 1729 45/50 ns.
BDI-II 11.8 (6.9) 11.3(7.2) 63(5.7) <0.001%
Information from WAIS-R 23303 23.8(0.3) 23.5(D.2) ns.
MADRS 4330 4.5(3.2) ns.
Number of hospitalizations 1.9(0.0) 0 ns.
Duration of illness (years) 17.8 (9.5) 12.3(17.6) mns.
Period since last hospitalization (years) 42(39) — ns.
Age when first depressive episode 204 (9.7 29.6(13.7) ns.
Number of depressive episodes (subjectively) 29(1.3) 24(1.0) ns.
Number of depressive episodes
(according to medical records) 25(.1) 1.8(1.0) .002
Psychiatric medication yes/no 3878 32710 ns.
Type of medication TCA 30% TCA 25%

SSRI 65% SSRI 75%

Mirtazepin 19% Mirtazepin 11%

Other antidepresives Other antidepresives

14% 4%

* Both depressive groups differ from eontrols.
** Bducation was based on 12-point scale.
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Table 3
Neurcpsychological screening battery

Memory

Anditory Verbal Learning test

The Auditory Verbal Learning test is a 15-word learning task which was repeatedly (5 times) read to the
subjeects. The sums of all the correctly recalled words from first five trials as well as the sum of words re-
called in the delayed recall trials (after 30 minutes) were used as memory variables. The test was proved to
be valid in other siudies on depression and Czech validated version of the test was used.

Attention

Trail Making test (part A)

The Trail Making test, part A, is a valid and commonly used test to assess attention and psychomotor speed.
Part A consists of encircled numbers from 1 to 25 randomly spread across a sheet of paper. The objective of
the test is for the subject to connect the numbers 1-25 in sequence as fast as possible. Validated Czech ver-
sion of the test was used.

Executive functions

Trail Making test (part B)

Part B is more complex than part A because it requires the subject to order numbers and letters in an alter-
nating pattern (1-A-2-B-3-C, etc.) in the shortest possible time. The Trail Making test, part B, is a valid and
commonly applied test to gage cognitive flexibility. In this test a connecting line is drawn as rapidly as pos-
sible for letters and numbers in an ascending sequence. The Trail Making Test, especially Trail B, is a good
predictor of brain impairment. Validated Czech version of the test was used.

Table 4
Differences between patients and conirols in neuropsychological tests (Mean, SDs, p-levels; compared ANOVA,
Tukey HSD post hoc test)

Hospitalized Never hospitalized Controls
AVLT Trial 1-5 52.8(9.1) 52.6 (8.0) 553 (8.2)
AVLT delayed recall 102 2.7)* 10.5 2.9)* 11.2 (2.8)
Trail Making Test, part A 36.9 (11.2)9* 343 (12.4) 32509.9
Trail Making test, part B 78.9 (24.3) 69.4 (26.2) 69.5 (26.1)
* Differ from eontrols {p < .01).
Table 5
Z-scores for both patients groups
Hospitalized Never hospitalized

Mean z- score 5D Mean z-score SD
AVIT 1-5 -0.30 1.10 0.33 097
AVLT delayed recall -0.59 D.84 052 0.98
Trail Making test, part A -0.86 1.20 0.38 1.37
Trail Making test, part B -0.39 D.82 0.07 0.98
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Trail Making Test, part A (41%), and in Trail
Making test, part B (30%). The never hospi-
talized sample demonstrated signs of cogni-
tive deficit in the AVLT Trial (33%), in the
AVLT delayed recall (35%), in the Trail Mak-
ing Test, part A (22%), and in the Trail Mak-
ing test, part B (21%). In total, 34% of the
hospitalized sample had cognitive deficits,
and 20% of the never hospitalized sample
presented the same deficiencies (p = 0.134).

Discussion

The hospitalized sample did not have
worse results in any from 4 neuropsycho-
logical tests compared to the never hospital-
ized sample. The only statistically signifi-
cant difference in comparison with controls
was in the Trail Making test, part A, with
worse performance found in the hospital-
ized sample and in AVLT delayed recall for
both depressive samples.

Both depressive samples had significantly
higher levels of subjective depressiveness ac-
cording to the BDI-II in comparison with
controls. These results may suggest that cer-
tain residual depressive symptomatology may
affect performance in neuropsychological
tests. This may be true despite the fact that no
relationship between mneuropsychological
tests and BDI-II/MADRS was proven, be-
sides the correlation between the MADRS
and TMT-B scores (r =-0.33, p= 0.001).

In our data, we did not find a relationship
between the number of hospitalizations and
the subjectively reported depressive episodes
as well as cognitive performance for separate
groups, but for the whole sample of depres-
sive patients this link was found (r = -0.27,
p =0.008 and -0.33, p =0.003). Some nega-
tive effects of repeated depressive episodes

were found in one of the four neuropsycho-
logical measures. These findings are and
have been considered controversial in older
studies'’. Other studies and papers have also
failed to find differences between first and
recurrent episodes'S.

The performance of both depressive groups
is below the mean scores of the controls, but
does not exceed 66% in the hospitalized
sample and 80% in the never hospitalized
sample, -1 SD below the mean of controls.
Level of cognitive deficits varied in hospi-
talized sample from 28-41% and in never
hospitalized from 21-35%. According to
Gauss curve, in this range should be about
15.86% patients.
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Although neuropsychological deficits have been reported in patients with major depressive disorder (MDD)
during an acute episode, relatively little is known about the persistence of these deficits in remission, This
study investigated the performance of attention, executive function and verbal memory during remission
from unipolar depressive episodes, We tested the hypothesis that outpatients do not differ in cognitive
variables from controls. We did this using a well-defined outpatient sample, consisting of medicated and
unmedicated patients, with a history of MDD, Ninety-seven subjects with MDD in remission ranging from
young to old were compared with 97 healthy control subjects. Both samples were balanced for age, gender,
and education levels. The Auditory Verbal Learning Test {AVLT) and the Trail Making Test (TMT) were used.
Patients with remitted MDD, in comparison with controls, were impaired on tasks of attention, executive
function and verbal memory, The individual level of depressive symptoms was not related to the cognitive
performance, Small- to medium-sized significant correlations exist between cognitive test variables
(as represented by Trail Making B and AVLT delayed recall) and level of depressive symptomatology
(as measured by MADRS or BDI-II) in the total sample, indicating that higher levels of depressive
symptomatology are associated with lower cognitive function, These findings suggest deficits in attention
and delayed verbal recall can serve as an indicator for MDD in outpatients,

Crown Copyright @ 2008 Published by Elsevier Ireland Ltd. All rights reserved.

1. Introduction

Major depression is a chronic and disabling disorder with high
rates of recurrence. Depressive disorders are highly prevalent world-
wide (Ayuso-Mateos et al, 2001); in Europe about 8.56% of the
population suffers from major depression. Achieving complete
remission should be the standard of care in optimal pharmacotherapy
(Thase, 1999). However, there are different definitions of remission —
according to a consensus conference in 1988, remission was defined as
a relatively brief period during which the individual is asymptomatic.
It is strongly recommended (Hamilton and Abramson, 1983) that
cognition during the period of symptomatic remission be assessed not
only when the subjects are discharged from the hospital but also after
subjects have returned to their natural environments,

Cognitive impairment associated with major depressive disorder
may be a key factor affecting the subject’s ability to function
occupationally. Depressive patients in remission have been found to
lose much occupational productivity. The average number of produc-
tive hours lost was considerably higher for patients with major
depressive disorder (MDD), followed by patients in partial remission of
major depression and dysthymia (Stewart at al,, 2003). This evidence

* Corresponding author, Prague Psychiatric Center, Ustavnl 91, Praha B-Bohnice, 181
03, Czech Republic, Tel.; +420 266003338; fax: +420 266003366,
E-matl address; preiss@pep,If3.cunlez {M, Preiss).

suggests that functioning may be impaired long before and long after
the major depression episode (Hirschfeld, 1998; Ormel et al, 2004).
Accumulated evidence suggests that neuropsychological deficits
represent a key symptom of depression (Basso and Bornstein, 1999).

An extensive body of research demonstrates that cognitive deficits
that accompany mood disorders during hospitalization are reversible
following successful antidepressant treatment (Neu et al, 2005;
Deuschle et al,, 2004). On the other hand, patients with a history of an
affective disorder have been found to have residual deficits that persist
even when they are considered to be fully recovered (Chamberlain
and Sahakian, 2004; Reppermund et al., 2007). The extent to which
dysfunction persists after remission and the factors contributing to
this persistence remain uncertain (Neu et al, 2005). Some authors
report improvement of cognitive performance after remission from
depression, while others do not (Reischies and Neu, 2000; Neu et al,,
2005; Williams et al., 2000). The question whether cognitive deficits
in depression are reversible with the remission of depression is crucial
for some neuroscientific models of depression. These models include
hippocampal damage (Neumeister et al, 2004; Neumeister et al,
2005) or subcortical and basal ganglia lesions (Reischies and Neuy,
2000). Moreover these findings may help to design a cognitive
rehabilitation program specifically for this patient group.

In MDD patients, a consistent and specific profile of neuropsycho-
logical abnormalities has not been established. It remains unclear
whether cognitive disturbances persist beyond the symptomatic

0165-1781/% - see front matter, Crown Copyright © 2008 Published by Elsevier Ireland Led, All rights reserved,

doi: 10,1016/j,psychres,2008.06,042
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phase of MDD. Only a small number of studies have compared the
performance of subjects who have recovered from depression with
that of similar controls {Austin et al, 2001), espedially in outpatients
who function relatively well in their environments, For example,
Weiland-Fiedler et al (2004) studied middle-aged, unmedicated,
discharged patients with unipolar MDD in comparison with control
subjects. The results suggest ongoing neurocognitive deficits during
the remission of the illness. These deficits were prominent in tests of
sustained attention, and more subtle deficits were found in the
mnemonic and strategic aspects of working memory, Such deficits
also impaired psychomotor functioning. Paradiso et al. (1997) found
cognitive deficits in hospitalized patients during the euthymic phase
of chronic unipolar depression in visual-motor sequencing, executive
function and memory. Another study found that patients with MDD
performed more poorly in tests of attention and executive functions
than the control subjects (Paelecke-Habermann et al., 2005). Kessing
(1998) found cognitive impairment to be associated with the number
of affective episodes experienced. On the other hand, Biringer et al.
(2005) found that recovery from major unipolar depression was
accompanied by many aspects of executive function returning to
narmal levels, According to these authors, neuropsychological deficits
are reversible in recurrent unipolar depression. They found an
improvement in executive functions in young depressive patients in
remission (both medicated and non-medicated) in accordance with
the improvement of depressive symptoms. During remission, depres-
sive symptoms were (.24 S.D, below levels in control subjects. These
authors use their results as an argument for the model in which
depression-related changes in executive functions are reversible upon
recovery.

Most studies conducted during the hospitalization of younger
patients found early improvements of cognitive functioning concur-
rent with decreases in symptoms during pharmacological treatment
{(Mandelli et al., 2006}, On the contrary, older patients with cognitive
deficits during hospitalization had a high probability of still being
impaired 1 year (Bhalla et al, 2006). Some authors found that about
one third of depressive patients score at an impaired level (Reischies
and Neu, 2000). All together, most studies support the hypothesis that
cognitive deficits exist in patients in unipolar depression during
periods of remission. Kessing (1998), who summarizes older studies
of cognitive deficits in unipolar depression or mixed unipolar and
bipolar patients, describes 11 other studies that mention contradictory
reports.

Previous studies have some methodological limitations, e.g.
relatively small subject sample sizes {Weiland-Fiedler et al., 2004;
Biringer et al., 2005; Marcos et al, 2005; Neu et al.,, 2005; Paelecke-
Habermann et al, 2005); they analyzed patients during hospitaliza-
tion and not while patients were residing in their natural environ-
ments (Reischies and New, 2000) or they combined unipolar and
bipolar samples (Mandelli et al,, 2006). This last limitation is crucial
because patients with unipolar and bipolar disease should not be
studied as having a unitary disorder (Paradiso et al., 1997).

The present study investigated performance of attention, executive
function and memory during remission from a unipolar depressive
episode in a well-defined outpatient sample functioning in their
natural environment., Specifically, we tested a hypothesis that out-
patients do not differ in cognitive variables from matched controls.

2, Methods

21, Sample

The study was eonducted with 97 unipolar depressive putpatlents (46 men and 51
women; Tables 1 and 2} from the Clinie of Prague Psychiatric Center and Psychiatric
Clinic of Broo-Bohunice, Czech Republic, The mean age of the participants was
463 years {50,=121; range 22-72), Among the total sample, 47 participants had a
history of only outpatent treatment, 50 were hospitallzed one or more times
(maximum 5 hospitalizations), All of the patients met the eriterla for former major
depressive disorder according to ICD- 10, The diagnosis was performed by the atrending

M, Preiss et ol, / Psychlatry Research 169 (2009) 235-239

physiclan, All of the parents were in a state of remission at the time of testing,
Remission was defined as a period of ar least 2 months during which the subject
functioned well { subjectively acconding o the patient and objectively according m his/
her psychiatrist) and the MADRS {Montgomery-Asberg Depression Rating Scale} score
was below 12, On the day of study, all patients were given the MADRS, The mean
MADRS score was 44 (S.D,=3,0), Guidelines deflning remisslon state that the score
should be between 0 and 12, For all patients, information about their previous course of
illness was carefully extracted from thedr Individual case notes,

In addition, 97 control subjects matched for age, edmﬂnnmd senderwere tested,
Controls were recruited from the general populat asking for
the ald of unpaid volunteers, The control nuhjactshadnn known personal or family
history of psychiatric disorders in first degree-relatives, The two groups differed in their
scores on the BDI-N {Beck Depression Scale; two-tailed t-test, r=0.14; df=186;
P<0001),

Patients and controls were screened for psychiarrie, neusological and substance
abuse problems, Patients wene tested with the Information subtest from the Wechsler
Adult Intelligence Seale-Revised, and individuals with scores corresponding to Q<70
were excluded, Subjects with dementa, substance abuse/dependence, neurological
disorder or clinleal/laboratory indications of the presence of a severe organic disease,
actual or prior bipolar ] or [ disorder, and individuals with MADRS scores >-12 were not
included in the sample, On the basis of these crlterla criteria, 25 participants were not
included in the study,

The depressed outpatients and the contyols were all native Czech speakers due to
the nature of the verhal tests, They all were Caucaslans, Written consent was obtained
from all partlelpants after the design and the purpose of the study were explained, The
study was approved by an Independent Ethics Committee,

2.2, Methods

The ests were selected using two criterla, First, the meal testing time should be
short; therefore we chose tests of short duration, which are reliably used in clinical
neuropsychology. Second, the major neuropsychological domains, which were
expected to demonstrate performance defidts In depression, should be assessed
{Marvel and Paradiso, 2004),

All subjects were given a succession of short neuropsychological tests, Symptom
scales were admini I ty with the psychologleal svaluation, Al
the methnds used in this research were previously valldated for Incal Czech conditions,
Each patient was tested individually during one sesslon and the test suecession was
administered In the same order and form mall patients, Neuropsychological testing was
performed within the Clinic of Prague Psychiatric Center and the Psychiatric Clinic
Brmo-Bohunice, All patients were tested by one of two rralned administrators, The
assessment took about 1 h. The test administrators were not blind to the subjects' status
as a patient orcontrol group by btaining z-scores were derived from a

&
Norms for

meta-analysis of studies that had previously used these tests (Mitrushina et al., 2005).

2.2.1, Memory — Auditory Verbal Leaming test

The Auditory Verbal Learning test Is a 15-wond learning task which was repeatedly
{5 times) read to the subjects, The sums of all the recalled waords from first five
trials as well as the sum of words recalled in the delayed recall erials {after 30 min) were
used as memory variables, The test proved to be valld in other studles on depression
{Brandr et al, 1992}, A Czech version of the test was used (Preiss, 1999),

Table 1
Family and occupational status in the outpatient group.

N
Family status
Single 17
Married 58
Divorced 18
Widow /er 4
Occupation
Partially disabled 1
Partially disabled + employed 1
Unemployed 2
Maternity leave 2
Household 3
Student 4
Fully disabled 4
Old age pension 13
Entrepreneur 17
Employee 50
Medication
TCA 20
S5RI 48
Mirtazepine 1
Other antidepressants 6
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Table 2
Basic demographic and treatment details (means with 5.D. in parentheses).
Patients Controls t-test P
Mean Range Mean Range
(S.D.) (S.D.)
Age 463 (12.2) 22-72  46.1(12.8) 21-72 160 0.11
Education® 8.5(2.2) 3-12 8.4 (2.0) -1 on 09
Gender [Male/female] 46/51 46/51
BDI-II 118 (70) 0-31 6.6(6.0) 0-26 546 <0.001
MADRS 44(30) o0-11
Number of 1.0 (1.3) 0-5

hospitalizations

Duration of illness [years] 163 (114) 1-56
Period since last 4.2(34) 0-20
hospitalization"™ [years)

Age when first depressive 30.8 (14.3) 5-66%**
episode

Number of depressive
episodes (subjectively)
Number of depressive
episodes (according to
medical records)
Psychiatric medication
[yes/no)

2.7(186) 1-9

2.2(11) 1-6

69,20

Differences tested with two-tailed paired r-test.

*Education was based on 12-point scale,

**For patients with at least one hospitalization only (52% of the sample), period

calculated as time between hospital discharge and the assessment date.

k¥ 5 N N . " " " 1
Subjective evaluation, some patients indicated depressive disorder started in

childhood.

2,22, Atention — Trall Moking Test (part A)

The Trail Making Test {TMT), part A, is a valid and commonly used test to assess
attentlon and psychomotor speed, Part A conslsts of encircled numbers from 1 to 25
randamly spread across a sheet of paper, The objective of the test is for the subject to
put the numhbers 1-25 in the correct order as fast as possible, A valid Czech version of
the test was used (Preiss and Prelss, 2006),

22,3, Executive functions - Trall Making Test (part B)

Part B is more complex than part A hecause it requires the subject to order numbers
and letters in an alternating pattern {1-A-2-B-3-C, etc.) In the shortest possible time,
The TMT, part B, is a valid and eommonly applied test to gauge cognitive flexibility, In
this test a connecting line is drawn as rapldly as possible for letters and numbers in an
ascending sequence, The TMT (timed in seconds), especially Trail B, is a good predictor
of brain impairment. A valid Czech version of the test was used (Preiss and Prelss,
2006),

2.3, Staristical anatysis

Wilcaxon Matched Palrs Tests were used to compare padents and controls on all
varlables with significant deviations from normality {cested with Shapiro-Wilks test,
P<0M), All other comparlsons were made with paired t-tests (two-tailed), Spearman
bivarlate correlations were used to examine the influence of depression (MADRS, BDI-
n), Statisteal significance was caleulated ar P<005, The statistleal analysis was
performed with STATISTICA 7.0,

3. Resulis

Most patients lived with a partner (Table 1), There were a high
percentage of people with a university degree (42%) compared with
the amount of people recorded to have degrees in the Czech
population census (13%). This demonstrates that the sample is well
educated and not representative of the population, The majority of the
patients held jobs (70), six patients were receiving disability pensions
because of depressive disorder, Seventy-one percent of the patients
used psychiatric medication during the neuropsychological assess-
ment. On the day of assessment most of the subjects described their
feelings as being normal (78%) on a 3-point scale; the rest stated that
they felt “better” or “worse” (9 and 12%). Unmedicated patients
achieved better results in AVLT Trial 1-5 (Mann-Whitney U Test,
n=91, Z=—2.105, P<0.05) and TMT, part B (Mann-Whitmey U Test,
n=91, Z=2228, P<0.05). In AVIT delayed recall (Z=0.942) and
TMT, part A (Z=0.448), the differences were insignificant. The size of

Table 3
Differences between patients and controls in neuropsychological tests (Mean, 5Ds, 7
and P-level; compared with Wilcoxon Matched Pairs Test, n = 94).

Patients Controls z P
AVLT trial 1-5 52.5 (8.6) 553 (8.2) 2457 0.014
AVLT delayed recall 9.5 (2.6) 11.2 (2.8) 8.139 =0.001
Trail making test, part A 387(12.7) 325 (9.9) 3.559 =0.001
Trail making test, part B 76,5 (24.1) 69.5 (26.1) 2132 0.033

the unmedicated group was small, only 18 patients, and the significant
differences found could be attributed to multiple comparisons,

As shown in Table 2, the test and control groups were well
matched. The MDD patients did not differ from controls in terms of
age, gender and education, The patients’ number of hospitalizations
was rather small (M= 1.0, 5.D.=13; maximum 5 hospitalizations,
48% of the patients had no hospitalization). Results of the MADRS in
MDD were not clinically relevant (M =44, 5.D, = 3.0). The duration of
illness was 16.3 years (5.D.=11.4). On average the patients had been
hospitalized 4 years prior to the testing (M =42, SD.=34). The
average age of the first depressive episode experienced by the subjects
was 31 years (M=230.8, $.D.=14.3). The mean number of depressive
episodes, as subjectively reported by the patient, was 2.7 (SD.=16)
and according to medical records 2.2 (S.D.=1.1).

The performance of both groups on each cognitive task and
between-groups comparisons are presented in Table 3. In memory
performance, significant differences on AVLIT Trizl 1-5 (Wilcoxon
Matched Pairs Test, n=294, Z=2.457, P=0.014) suggest the impaired
capacity of overall short-term verbal memory in the patients. The
AVLT delayed recall performance in patients was also impacted
{Wilcoxon Matched Pairs Test, n=94, Z=28.139, P<0.001), which
shows decreased capacity of long-term verbal memory in the patient
group. Lower performance on the TMT, part A (Wilcoxon Matched
Pairs Test, n =94, Z=3.559, P<0.001), shows impairment of attention
in the patients with MDD, The results for the TMT, part B (Wilcoxon
Matched Pairs Test, n=94, Z=2132, P=0.033), suggest lowered
cognitive flexibility. There was no significant correlation between
performance on any cognitive test and the number of depressive
episodes that a participant experienced (Spearman rho ranging from
—0.13 1o 0.18, n=296, P>0.05).

The number of hospitalizations was related only to TMT perfor-
mance (TMT A, Spearman rho=024, n=96, P=0.020; TMT B,
rho =029, n=96, P=0004), showing that patients with more
haospitalizations in their medical history performed worse in attention
and executive function tests, but not in verbal memory tests.

Patients who received medication did not differ from those who
did not.

Beside the raw test scores, the normative data were analyzed. The
mean z-scores of the patients and controls are shown in Table 4, The
AVILT Trial 1-5 performance for the patients was within the normal
range, yet still slightly worse than controls’ performance (z-score
difference 23 = —0.32). The TMT (part B) performance was similarly
impaired (za=—0.22). There are larger differences in the AVLT
delayed recall and TMT (part A) between patients and controls (zq=
—0.68 and z4=—0.71, both tests significant after Bonferroni
corcection).

Table 4
Z-scores for patients and controls derived from meta-analysis by Mitrushina et al. (2005),
compared with Wilcoxon Matched Pairs Test (n=94).

Patients Controls z P

Meanz- SD. Meanz- SD.

score score
z-score AVLT 1-5 0.00 1.00 032 090 2447 0.014
z-score AVLT delayed recall  —0.41 1.08 0.27 L19 4101 <0.001
z-score TMT-A —0.99 166 —028 108 3697 <0.001
z-score TMT-B - 028 1.17 - 0.06 .09 2183 0.029
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Table 5
Spearman bivariate correlations between neuropsychological tests and mood scales in
the patient sample (above diagonal) and control sample {below diagonal).

1 2 3 4 B MADRS
1 BDI-ll - =000 -0.22 0.15 018 0.41*
2 AVIT Trial 1-5 -on - 0.25 0.00 0.03 0.06
3 AVLT delayed recall —0.18 0.70° - =020 -010 -0.01
4 Trail Making Test, part A —0.19 029° -025 - 0.46* 0.16
5 Trail Making Test, part B 006 -034" -0.26 046° - 0.36*

* P<0.05, Bonferroni correction for 15 (patient group) and 10 tests (control group) was
applied.

Table 5 shows correlations between mood scales and neuropsy-
chological performance, The individual levels of depressive symp-
toms, rated by the patients or psychiatrist, were not related to the
cognitive performance, Small- to medium-sized significant correla-
tions exist between cognitive test variables (as represented by TMT-B
and AVLT delayed recall) and level of depressive symptomatology (as
measured by MADRS or BDI-I) in the total sample, indicating that
higher levels of depressive symptomatology are associated with lower
cognitive function.

4, Discussion

The results are consistent with others who have recorded the
persistence of cognitive deficits despite depression being in remission.
Our results expanded on the results found by Paelecke-Habermann
et al, (2005), which described deficits in all tests related to attention
and executive performance in comparison with control subjects. Our
results also concurred with those found by Weiland-Fiedler et al.
(2004} in a study that examined the continuing deficits in sustained
attention and strategic aspects of working memory, Our results
contradict the opinion that cognitive deficits in depression are due to
state-dependent phenomena (Biringer et al,, 2005), In accordance
with the findings by Paelecke-Habermann et al. (2005), Neu et al.
(2005), Reischies and Neu (2000), Mandelli et al, (2006), Weiland-
Fiedler etal. (2004), Kessing (1998), Paradiso et al. {1997), and Fennig
et al (2002) we found cognitive deficits occurring in remission, but
without some of the methodological shortcomings of some previous
studies.

Qur study benefits from several advantages, which were not
common in previous research, First, the number of participants is
relatively high, which helps to reduce the risk of Type Il error due to
low statistical power. Second, the sample is homogeneous; it consists
only of unipolar outpatients, Still, our research has some limitations.
Qur test battery was very narrow; we tried to keep the battery short to
avoid fatigue effects and tried to focus only on the tests which are
reliably used in clinical psychology. Because the extent of the test
battery is limited, it covers only part of the cognitive functions that
might be of interest. We do not have information about the baseline
performance of the patients (both premorbid performance and while
severely depressed).

Other explanations for cognitive deficits can be found in psycho-
logical models of learned helplessness, Even before the development of
sophisticated cognitive testing batteries, cognitive dysfunction was
held to be integral to the understanding of affective disorders
according to psychological approaches (Chamberlain and Sahakian,
2004). Even in subjects in remission, biased attitudes and attributions
continue to persist in both endogenous and non-endogenous remitted
groups of depressive patients (Eaves and Rush, 1984). Low self-
directedness, an attribute of Robert Cloninger's model, was also found
to correlate with the impairment of cognitive skills (Richter and
Eiserann, 2002), Some studies that have examined cognition in
depressive patients during remission support the assumption that
maladaptive cognitive patterns could become traits which persist
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beyond the remission of current depressive episodes. Other reviewers
have also concluded that the cognitive vulnerability hypothesis of
depression is not well supported and that maladaptive cognitive
patterns are simply concomitants of depression, rather than vulner-
abilities for depression (Haeffel et al., 2005).

Most cognitive tasks tap into a number of cognitive domains making
it difficult to tease out the primary functional deficit associating
impairment to any single task (Austin et al, 2001). We created a short,
approximately 30-minute test battery. Our results on the Aoditory
Verbal Learning Test (AVLT) partially contradicted those of Weiland-
Fiedler et al (2004; N of the group is relatively small, only 28
participants), who did not find differences between patients and
controls, and also those of Clark et al (2005; N of the group is small,
only 15 participants) and Deuschle et al. (2004; N=8). Our study is
similar to the method (CERAD) used by Paradiso et al. (1997), In the
TMT, our results were similar to those found by Paradiso et al, (1997),
who found differences between patients and controls in both TMT-A and
TMI-B. Qur findings were also in concordance with Neu et al, (2005) and
Reischies and Neu (2000), who found differences between patients and
controls in the TMT-A. Because attention and working memory are
cognitive functions that are integral to many types of neuropsycholo-
gical tests, the interpretation of studies showing deficits in a broad range
of cognitive abilities should take into account the role of poor attention
and deficits within the working memory in these patients (Marvel and
Paradiso, 2004).

Some limitations found in previous studies involved using
depressive subjects who were taking medication at the time the
study was conducted. Many antidepressant medications have a potent
anti-cholinergic effect and may impair cognitive functioning through
a central muscarinic blockade, The interpretation of data in which
depressed patients receiving pharmacotherapy are compared to drug-
free controls is complicated by a secondary variable of cognitive
impairment from the effects of prescribed medications (Tancer et al,,
1990). Some authors used non-medicated samples to avoid the
influence of medication on cognition, Pronounced neurocognitive
impairment was found in MDD patients but is still not attributable to
the patients’ medication and could therefore provide an important
marker of brain dysfunction in depression (Porter et al, 2003).
According to Paradiso et al. (1997), the cognitive performance of
unipolar patients did not differ regardless of whether or not the
patients were receiving medication, However, it still might be difficult
to differentiate between cognitive impairment as a feature of MDD
and the negative effects of antidepressants,

Some older and more prevalent studies strongly recommended
assessing remitted depressive cognition not only when the patients
are discharged from the hospital but also after these individuals
have returned to their natural environments (Hamilton and
Abramson, 1983; HaefTel et al,, 2005). It was our aim to work with
patients who were not hospitalized during the assessment and who
were able to function in their natural environment, A significant
number of the patients were employees (67%) or otherwise active in
their natural environment; only 6% of the outpatients were disabled.
The number of hospitalizations for the patients was rather small, On
average, the patients had been hospitalized 4 years prior to the
study. During formal or informal contact we would not have been
able to recognize the patients from the controls, Impairment in
attention or immediate memory can interfere with almost every
facet of daily life, Fennig et al. (2002 found that verbal and everyday
memory measures correlate with general functioning (GAF) in
patents who are at least 9 months into remission since their last
episade. In our sample, there were a high percentage of people who
held university degrees (42%). Itis probable that people with higher
levels of education have a better chance to compensate for their
cognitive deficits in their work or private life, Unfortunately, we did
not assess the influence of cognitive deficits on the everyday life of
these patients.
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Residual persisting cognitive deficits represent an important barrier
in the rehabilitation process of patients with MDD (Chamberlain and
Sahaldan, 2004), The type of abnormality that persists in the remitted
state suggests that a fundamental neural dysfunction is unaffected by
treatment with our current means. As far as we know, neurocognitive
training was not developed for these patients, Similar training is offered
to patients with other disorders involving cognitive impairment, e.g.
schizophrenia. A development of such training, e.g time planning or
goal orientation, could be an object of interest for future therapists.
There is some support for the long-term effect of memory, reasoning and
speed training for alleviating certain cognitive deficits (Willis et al,
2006). In particular, patients who received reasoning training mani-
fested less functional decline in the self-reported instrumental activities
of their daily lives. Each intervention producesd immediate improve-
ments in trained cognitive abilities which were retained across the span
of 5 years. Unfortunately, there is a lack of experienced individuals
capable of training remitted depressive patients.

In summary, the present study found evidence for subtle
differences in the neurocognitive profile of MDD patients in remission,
Our study demonstrates that patients in remission perform worse
than control subjects on different tasks of verbal memory, executive
function and attention.
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COGNITIVE DEFICITS IN UNIPOLAR DEPRESSION DURING
REMISSION — AUDITORY VERBAL LEARNING TEST FINDINGS

KOGNITIVNI DEFICITY U UNIPOLARNI DEPRESE BEHEM REMISE
- VYSLEDKY PAMESOVEHO TESTU UCENI
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SUMMARY

The present study investigates performance of verbal memory during remission from unipolar depressive episodes. We tested a hy-

pothesis that outpatients do not differ in cognitive variables from matched controls, in a well defined outpatient sample, consisting of
medicated and unmedicated patients, with a history of MDD, living in their natural environments. Ninety-seven fully remitted patients
with MDD were compatred to 97 healthy control subjects matched for education, age and gender on Auditory Verbal Learning Test
{AVLT). Patients with remitted MDD compating to controls were impaired on verbal memory tasks. After correction for subjective level
of depression, deficits in the delayed verbal recall {AVLT) remained significant. These findings suggest deficits in delayed verbal recall
can serve as a trait marker for MDD out of hospitalization in unipolar depression.

Key words: major depressive episode, remission, cognitive function, course of illness, outcome

SOUHRN

Studie zkoumn4 kognitivni vikon ve verbilni paméti béhem remise unipolirni depresivni poruchy. Testovali jsme hypotézu, Ze ambu-
lantni medikovani i nemedikovani pacienti Zijici ve svém béZném prostfedi se nebudou liSit od kontrol v Paméfovém testu udeni. K 97
pacientéim jsme pFifadili 97 kontrol podle vzdélini, véku a pohlavi a porovnavali je v Paméfovém testu uceni. Pacient méli hori vykony
ve srovnini s kontrolami. I po kotekei pro subjektivni miru deprese méfenou BDI zfistal deficit v odd4leném vybaveni signifikantni.
Vysledky naznacuji, Ze deficit ve verbélni paméti by mohl byt povaZovin u unipolirni depresivni poruchy v remisi za “trait marker”.

Kiggovd slova: depresivni porucha, remise, kognitivni funkee, pritb&h nemoci, vysledek lécby

Preiss M, Kucerova H, Stepankova H, Sos P, Lukavsky ], Kawaciukova R. Cognitive deficits in unipolar depression during remission
- Auditory Verbal Learning test findings. Psychiatrie 2007; 11 {(Suppl. 3): 79-83.

Introduction

A small number of studies indicate persistent cognitive im-
pairment upon recovery in mood disorders. These findings are
reported in all age groups, although more frequently in older
subjects. The presence of neuropsychological deficits is impor-
tant evidence that enduring brain abnormalities are included
in the etiology of depressive disorder. If cognitive impairment
were simply secondary to the severity of depressed mood, then
cognitive functions would be expected to fully recover upon
remission of the episode.

Cognitive impairment is likely to be a key factor affecting the
subject’s ability to function occupationally. At present a residual
deficit in mnemonic and executive function appear to be seenin
some patients with a history of depression. Its relationship with
crucial epidemniological variables such as age, treatment, duration
and chronicity of illness and number of episodes remains to be
more cleatly determined (Austin et al., 2001).

An extensive body of evidence demonstrates that cognitive
deficits in mood disorders are reversible following successful an-
tidepressant treattnent (Neu et al., 2005). On the other hand,

patients with a history of an affective disorder have been found
to have residual deficits that persist even when they are conside-
red to be fully recovered (Chambetlain and Sahakina, 2004). The
extent to which dysfunction persists after remission and factors
contributing to this persistence remain uncertain (Neu et al,
2005). Some authors reportimprovement of cognitive performan-
ce after remission from depression, others do not (Reischies and
Neu, 2000; Neu, 2005). The question whether cognitive deficits
in depression are reversible with remission of depression is crucial
for some neuroscientifical models of depression, like hippocampal
damage ot subcortical and basal ganglia lesions (Reischies and
Neu, 2000). Moreover these findings may help to design a cognitive
rehabilitation program specifically for this patient group.

In MDD patients, a consistent and specific profile of neuro-
psychological abnormalities has not been established. It remains
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unclear whether cognitive disturbances persist beyond the sym-
ptomatic phase of MDD. Only a small number of studies have
compared the performance of subjects who have recovered from
depression with that of matched controls (Austin et al., 2001},
especially in outpatients who function relatively well in their
environments. For example, Weiland-Fiedler et al. (2004) studied
middle aged, non-medicated, remitted patients with unipolar
MDD in comparison with control subjects. The results suggest
continuing neurocognitive deficit during the remitted phase
of the illness. These deficits were seen prominent in sustained
attention, and more subtle deficits were found in the mnemonic
and strategic aspects of working memory, and also impaired
psychomotor functioning. Paradiso et al. (1997) found cogni-
tive deficits in euthymic phase of chronic unipolar depression
{hospitalization or 2 and mote episodes) in visual-motor sequen-
cing, executive function and memory. Another study (Paelecke-
-Habermann et al., 2005) found deficits in tests of attention
and executive functions compared to control subjects. Kessing
{1998) found cognitive impairment to be associated with the
number of affective episodes. On the other hand, Biringer et al.
(2005) found that recovery from major unipolar depression was
accompanied by many aspects of executive function returning to
normal levels. According to these authors, neuropsychological
deficitis reversible in recurrent unipolar depression. They found
an improvement of executive functions in young remitted depres-
sive patients (both medicated and non-medicated) in line with
improvement of depressive symptomatology. During remission,
depressive symptomatology was (.24 SD below control subjects.
Authors consider their results as an argument for the model
in which depression-related changes in executive functions are
reversible upon recovery.

Most studies done during hospitalization found early global
improvement of cognitive functioning concurrent with sympto-

matology during pharmacological treatment (Mandelli et al.,
2006). Late life studies of cognitive deficits found high percentage
of patients who were impaired during hospitalization were also
impaired one year later (Bhalla et al., 2006). Some authors found
about one third of depressive patients who scotre at an impaired
level {Reischies and Neu, 2000). Similar results - about one third
of cognitively impaired subjects were found to suffer from bipo-
lar disorder (Martinez-Aran, 2000). All together, 8 from 9 cited
studies in [ast 10 years (Table 1) supporta hypothesis of cognitive
deficits in remission of unipolar depression. Kessing (1998},
who summarizes older studies of cognitive deficits in unipolar
depression or mixed unipolar and bipolar patients, desctibes
eleven other studies which mention contradictory reports.

The present study investigated performance of attention,
executive function and memory during remission from a uni-
polar depressive episode in a well defined outpatient sample
functioning in their natural environment. Specifically, we tested
a hypothesis that outpatients do not differ in cognitive variables
from matched controls.

Sample and Methods

Sample

The study was conducted with 97 unipolar depressive out-
patients (46 men and 51 women) from the Clinic of Prague
Psychiatric Center and Psychiatric Clinic Brno-Bohunice, Czech
Republic. Average age was 46.3 yrs (SD=12.1; 22-72). 48% had
a history of outpatient treatment, 52% were hospitalized one or
more times {maximum § hospitalizations). All the patients met
the criteria for former major depressive disorder according to
ICD-10. All patients were in remitted state at the time of testing.
Remission was defined as a period of at least 2 months during

Tabulka 1: Major studies on nesropsychological deficits in unipolar depression in last 10 years (studies in older patients are not inclwded).

Paper N Population Controls Results
Neu 26 inpatients Depressed patients followed up after Yes Patients performed worse than controls
et al., 2005 6 months in remission in verbal memory and verbal fluency
Reischies 67 inpatients Remitted inpatients with unipolar, Yes No improvement of performance in
and Neu, 2000 bipolar depression and in schizoatfe- cognitive tests
ctive psychosis, tested twice
Biringer 30 inpatients Remitted patients tested during Yes Improvement in neuropsychological
et al.,, 2005 episode and in remission tests, interpreted as reversible deficits
of executive functions
Mandelli 51 inpatients Unipolar and bipolar patients, retest No Respondents have higher 1Q and lower
et al., 2006 after 4 weeks of treatment, compa- incidence of cognitive impairment
rison of responders and nonrespon-
ders
Weiland-Fiedler 28 remitted patients | Unipolar patients with long-term Yes Impairment in sustained depression
et al.,, 2004 remission
Paelecke-Habermann, 40 former Unipolar remitted patients Yes Deficient performance in all domains of
Pohl and Leplow, MDD patients attention, no differences in performance
2005 due to number of episodes
Kessing, 118 unipolar, Patients from Danish register of Yes Patients with recurrent episodes were
1998 28 bipolar hospitalized patients discharged significantly more impaired than pati-
between 1971-1977 ents with a single episode and controls
Paradiso 20 unipolar Unipolar and bipolar patients Yes Unipolar were more impaired than
etal, 1997 and 19 bipolar controls in visual-motor sequencing,
patients executive function and immediate me-
mory and attention
Fennig 30 remitted patients | Unipolar compared with 2 groups of Yes Worse performance in comparison with
et al., 2002 patients in remitted-stage of schizo- controls, better than psychotic schizo-
phrenia phrenia samples in general functions
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Table 2: Family and occapational status in patient’s growp.

depressed and controls were all native Czech speakers because of
the verbal tests. They all were Caucasians, Written consent was
obtained from all participants after the design and the purpose
of the study were explained.

The study was approved by the Regional Committee for Ethics

Auditory Verbal Learning test

Auditory Verbal Learning test is a 15-word learning task,
which was repeatedly (5 times) read to subjects. Sum of all cor-
rectly recalled words from first five trials as well as delayed recall
after 30 minutes were used as memory variables. The test proved
to be valid in other studies on depression (Brandt et al., 1992).
Czech vetsion of the test was used (Preiss, 1999).

Statistics

Family status N %
Single 17 18
Married 58 60
Divorced 18 19
Widow/er 4 4
Occupation

Partially disabled 1 1

Partially disabled + employed 1 1

Unemployed 2 2
Maternity leave 2 2
Household 3 3
Student 4 4
Fully disabled 4 4

Old age pension 13 13
Entrepreneur 17 18
Employee 50 52

which the subject functioned well (subjectively according to the
patient and objectively according to their psychiatrist) and the
MADRS (Montgomery-Asberg Depression Scale) was < 12. For
all patients, information about their previous course of illness
was carefully extracted from their casenotes.

On the day of study, all patients were given the MADRS and
BDI. Controls were unpaid volunteers without a known perso-
nal or family history of psychiatric disorders in the first-degree
relatives. Patients and controls were screened for psychiatric,
neurological and substance abuse problems. Individuals with
mental retardation {IQ<70), dementia, substance abuse/depen-
dence, neurological disorder or clinical/laboratory indications
of severe organic disease, were not included in the sample. The

Mann-Whitney U tests were used to compare patients and
controls on any variable with a significant deviations from
normality at p<.01, using Shapiro-Wilks test (Shapiro and Wilk,
1965). Partial correlations were used to examine the influence
of depression (MADRS, BDI-II). Statistical significance was
considered at p<.05. Due to expected independence of three
cognitive domains, there was no correction for multiple testing.
The statistical analysis was performed with STATISTICA 7.0.

Results

The mean MADRS score was 4.4 (SD=3.0); guideline for
remission: 0-12. In addition, 97 control subjects matched for
age, education and gender were tested {table 3). As expected,
the groups differed in BDI-IT (t=5.55; df=186; p<.001). Most
patients lived with a partner (Table 2). There was a high per-
centage of people with a university degree (42%). Most patients
were employees (50%, Table 2), 5% of the sample were disabled.

Table 3: Basic demograpbic and treatment details (means with SD in parentbeses).

Patients Controls T-test p
Age 46.3 (12.2) 461 (12.8) 14 88
Education* 85(2.2) 8.4(2.0) 14 88
Gender (Male/Female) 46/51 48/51 - -
BDI-I 11.8 (7.0 6.6 (6.0) 5.55 <.001
MADRS 4.4 (3.0)
Number of hospitalizations 1.0(1.3)
Duration of iliness (years) 15.3 (14.5)
Period since last hospitalization™ (years) 42(3.4)
Age when first depressive episode 30.8 (14.3)
Number of depressive episodes (subjectively) 4.9(14.7)
Number of depressive episodes (according 5.6 (18.3)
to medical records)
Psychiatric medication yes/ino 69/28
Type of medication TCA-20x, SSRI 48x, mirtazapine 11x,

other antidepresives 6x

* Education was based on 12-point scale; ™ For ever hospitalized patients only (52 % of the sample)
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Table 4: Differences between patients and conirols in newropsycholo-
gical tests. Mean (SDs), Z and p-level; compared swith Mann-Whitney

U tests).

Patients | Controls | 2 p
AVLT Trial 1-5 52.5(8.6) | 55.3(8.2) | -2.067 | .039
AVLT delayed recall 95(26) |11.2(2.8) |-4.329 | <.001

Table 5: Z-scores for patients and controls.

Mean z-score 8D
z-score AVLT 1-5 — patients .00 1.00
z-score AVLT 1-5 — controls ,32 80
2z-scare AVLT delayed recall — patients -41 1.08
2-score AVLT delayed recall — controls .27 1.19

71% used psychiatric medication during the neuropsychological
assessment. At the day of assessment most of them felt “as usual”
(78%) on a 3-point scale; approximately the same number felt
“better” or “worse” {9 and 12%).

Table 3 shows that groups are well matched, and MDD pa-
tients did not differ from controls in terms of age, gender and
education. Number of hospitalizations was rather small (M=1.0,
SD=1.3; maximum 5 hospitalizations, 48% hospitalized patients
had only one hospitalization). Results of MADRS were not
clinically significant (M=4.4, SD=3.0). Duration of illness was
15.3 years (SD=14.5). In average, the patients were hospitalized
4 years ago (M=4.2, SD=3.4). The mean age of the first depressive
episode was 31 years (M=30.8, SD=14.3). The mean number of
depressive episodes was subjectively 4.9 (SD=14.7) and according
to medical records 5.6 (SD=18.3).

Table 4 shows performance of both groups on each cognitive
task and between-groups comparisons. Significant differences on
AVLT Ttial 1-5 (p=.039) suggest impaired capacity of short-term
verbal memory. Significant differences on AVLT delayed recall
{(p<.001) show decreased capacity of long-term verbal memory.
There is no significant correlation between performance on any
cognitive test and number of depressive episodes. There is no
statistically significant correlations between number of episodes
and cognitive performance.

After controlling for subjective level of depression (BDI-IT),
the AVLT delayed recall remains significant (F=9.358, p=.003)
but initial differences are no longer significant for AVLT Trial
1-5 (F=3.204, p=.075).

Mean z-scores of patients and controls are seen in Table 5.
AVLT Trial 1-5 performance is within the norm, yet still slightly
worse than controls’ performance {z-score difference zd=-0.32).
There are larger differences in AVLT delayed recall between pati-
ents and controls (zd=-0.68, p<0.001; Mann-Whitney test).

Discussion

Our study demonstrates that remitted patients perform worse
than control subjects on different tasks of verbal memory, exe-
cutive function and attention. The results are consistent with
others who have reported the petsistence of cognitive deficits
despite remission of depression. Our results expand on the
results found by Paelecke-Habermann et al. {2005) of deficits
in all tests related to attentional and executive performarnce in
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comparison with control subjects and on the results found by
Weiland-Fiedler et al. (2004) of continuing deficits in sustained
attention and strategic aspects of working memory. Our results
contradict the opinion that cognitive deficits in depression are
due to a state-dependent phenomena (Biringer et al, 2005). In
accordance with findings by Paelecke-Habermann et al. (2005),
Neu et al. {2005), Reischies and Neu (2000), Mandelli ecal. (2006),
Weiland-Fiedler et al. (2004), Kessing (1998), Paradiso et al (1997),
Fennig et al. {2002) we find cognitive deficits in remission, but
without some methodological shortcoming of previous studies,
like relatively small subject samples, investigation during hospi-
talization, none within natural environments ot mixing unipolar
and bipolar samples.

It seerns that impaired performance in remitted MDD pati-
ents could have a character trait. Other studies are warranted
to deterrnine whether these patients show further cognitive
decline over time - long-term longitudinal studies on this topic
are needed.

Marvel and Paradiso (2004) summarized cognitive deficits
petsisting during the euthymic/remitted states tests of attention
(e.g. Trail Making test, part A), executive function {e.g.Trail Ma-
king test, part B) or memory (e.g. verbal recall). We confirm AVLT
assumptions using relatively short; non-demanding tasks.

We made only one assessment of cognitive functions. Perfor-
marnce inconsistency at the behavioral level may be an indicator
of central nervous system functioning. For example, results show
that performance inconsistency increases per each additional
year closer to death (Hultsch et al., 2005).

Most cognitive tasks tap a number of cognitive domains
making it difficult to tease out the primary functional deficit as-
sociating an impairment to any one task {Austin et al,, 2001).

Similar to Neu et al. {2005) we created a short, approximately
30-minute test battery. Our results on Auditory Verbal Learning
Test (AVLT) are partly contradicted to Weiland-Fiedler et al.
(2004) who did not find differences between patients and con-
trols. Qur study s in agreement with a similar method (CERAD)
used by Paradiso et al. (1997). Because attention and working
memory are cognitive functions that are integral to many types
of neuropsychological tests, the interpretation of studies showing
deficits in a broad range of cognitive abilities should take into
account the role of poor attentional/working memory capacity
in these patients (Marvel a Paradiso, 2004).

Highly significant differences were found in AVLT delayed
recall. A part of cognitive deficits could be also compensated
with high proportion of above educated people in the sample
(42 % patients with university degree).

Another limitation in some previous studies involved medica-
tion exposure in depressed patients at the time of testing. Many
antidepressant medications have potent anticholinergic activity
and might impair cognitive function through central muscarinic
blockade. The interpretation of data in which depressed patients
receiving pharmacotherapy are compared to drug-free controls
is complicated by a secondary variable of cognitive impairment
from effects of prescribed medications (Tancer, 1989) (Tancer,
1989). Some authors use a non-medicated sample to avoid
influence of medication on cognition. Pronounced neuroco-
gnitive impairment was found in MDD patients but still not
attributable to the patients’ medication and could therefore
provide an objective marker of brain dysfunction in depression
(Porter et al., 2003). According to Paradiso et al. (1997) cognitive
petformance of unipolar patients did not differ according to
current medication. It might be difficult to differentiate between
cognitive impairment as a feature of MDD and negative effect
of anti-depressives.

Patients with history of more than one hospitalization did
not show any difference compared to patients having their first
hospitalization for most of the neuropsychological tests and
clinical variables (Harvey et al., 2004). The number of hospita-
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lizations is likely a better longitudinal measure of depression
severity compared to the number of depressive episodes because
it is a more objective measure, mainly for patients with long
depression history (Harvey et al., 2004).

We do not assess comorbidity on axis IL. Personality disorder
and previous quality of life are the variables consistently associa-
ted with depression {Bzquiaga et al., 2004). Personality pathology
does not improve outcome in patients receiving treatment for
major depression - this uninspired statement is probably the
most acclirate one that can be made at this point (Mulder, 2002)
and treatment resistance in a current major depressive episode
was not associated with an increased rate of axis Il disorder {Pe-
tersen et al., 2002) and comorbid personality disorders generally
do not impede treatment for depression (Hirschfeld, 1999). It

would be interesting to consider comorbid disorders {e.g. per-
sonality psychopathology) in order to identify specific features
in the cognitive profiles of MDD patients.
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Poznatky z této kapitoly mizeme shrnout tak, Ze naruseni kognitivnich funkci u nemocnych
depresivni poruchou je zavazny, ale v praxi velmi ¢asto opomijeny jev. Kvalitni diagnostika
kognitivniho deficitu je velmi dtlezitd, mize nam pomoci objasnit, pro¢ nemocni selhavaji
Vv pracovnim zivot¢, kdyZ uz z klinického hlediska jsou bez ptiznaki onemocnéni a my tim
padem mlizeme nemocnym lépe pomoci zacilenou neuropsychologickou rehabilitaci,
a také samotna existence naruSeni kognitivnich funkci muze slouzit jako argument, proc
je dalezité depresivni poruchu zav€as aadekvatnimi zpusoby 1é€it — protoze nelé¢ime

»pouze emoce, ale i kognitivni funkce.
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4 Schizofrenie a depresivni porucha — podobnosti a rozdily v kegnitivnich

funkcich

21. stoleti se da v neuropsychologickém a neuropsychiatrickém vyzkumu s nadsdzkou oznacit
zaobdobi kognice. Nejprve byl zajem odbornikii obracen ke schizofrenii, pozdéji
pak na depresivni poruchu, bipolarni afektivni poruchu a nadalsi psychiatrické poruchy.
Nejdiive se vyzkum snazil zmapovat profil kognitivnich funkci, odbornici se snazili ujednotit
na baterii  vhodnych neuropsychologickych testi Kk diagnostice kognitivniho deficitu
anasledn¢é se vyzkum obratil od deskripce ke sledovani dynamiky kognitivniho naru$eni
aobjevily seprvni pokusy o0 srovnani profild kognitivnich funkci U jednotlivych

psychiatrickych diagnoz. A stejné tomu tak bylo na nasem pracovisti.

Pokud tedy stru¢né a velmi zjednoduSen¢ shrneme vysledky a piinos nasi vyzkumné prace

Vv této oblasti, tak zjistime, Ze:

= existovalo velmi malo praci na stejné téma (2004-2005), tedy srovnani kognitivniho
deficitu u schizofrenie au depresivni poruchy®. Provedené studie bud’ srovnavali

pouze jeden parametr kognitivnich funkci u obou onemocnéni

142 nebo se jednalo 0 srovnavani  kognitivnich  funkci  mezi

43,44

(napt. pozornost

schizofrenii ~ a psychotickou  formou  deprese™ " nebo o srovnavani ~ Grovné
kognitivnich funkei mezi psychotickou a nepsychotickou formou depresivni
poruchy®. Velkym piinosem nasi studie (viz nize) byl fakt, Ze zkoumany soubor
tvofili pacienti S prvni epizodou onemocnéni, ato jak schizofrenie, tak i depresivni
poruchy. Jednalo se tedy o pocinajici naruSeni kognitivnich funkci a ne o rezidualni
(chronicky) stav;

» poskozené kognitivni domény U obou onemocnéni jSOu stejné, 1isi Se pouze zavaznosti
a intenzitou svého narusSeni;

= pacienti s depresivni poruchou vykazovali statisticky vyznamnéjsi naruseni v oblasti
exekutivnich funkci aVtestech reakCnich ¢asii nez pacienti S prvni epizodou
schizofrenie;

= vysledky pacientll se schizofrenii ukazaly statisticky signifikantné niz§i Groven
dosazeného 1Q (cozale mohl zkreslit rozdilny veék mezi obéma skupinami).

V ostatnich sledovanych doménach kognitivnich funkci nebyl statisticky signifikantni

rozdil potvrzen, i kdyz vysledky pacientu se schizofrenii ve sledovanych parametrech
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kognitivnich funkci (pamét, pozornost, verbalni fluence,...) vykazovaly o néco nizsi
uroven vykonu, nez tomu bylo u nemocnych s depresivni poruchou;

= nazaklad¢ nasich zkuSenosti a zejména na zaklad¢ studia odborné literatury tykajici
se této problematiky, nejen  profilu, aleidynamiky kognitivniho deficitu,
Ize pfepokladat, ze kognitivni deficit u schizofrenie dosahuje béhem prvni epizody
urcité urovné a nadale zlstava relativné stabilni, parametry narusenych kognitivnich
funkci se vétsinou kK normé jiz nevrati. Kdezto kognitivni deficit u depresivni poruchy
dosahuje pravdépodobné béhem prvni epizody Vv ur€itych parametrech kognitivnich
funkci 1 vyraznéj$i zavaznosti a intenzity nez je tomu u schizofrenie, ale dochazi
kjeho rychlejsi upravé, ktera vSak nemusi byt vsouladu s klinickym stavem
(i v obdobi remise, kdy klinicky stav pacienta je naprosto v norm¢, jSou nachazeny

ur¢ité dil¢i kognitivni deficity).

Kuéerova H, Kunovskd M, Piikryl R, Navratilova P, Cernik M. Profil kognitivniho

poskozeni U schizofrennich pacientii a pacientd S depresivni poruchou. Ceska Slov Psychiatr.
2005; 101 (8): 412-421.

Autorsky podil: 75 %
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Profil kognitivniho poskozeni u schizofrennich
pacientu a pacientu s depresivni poruchou

Kuéerova H., Kunovska M., Piikryl R., Navratilova P., Cernik M.
Psychiatricka klinika LF MU a FN, Brno
piednosta prof. MUDr. E. Ceskova, CSc.

Souhrn

V provedené studii jsme potvrdili deficit kognitivnich funkci u obou neuropsychiatrickych onemoc-
néni, i kdyz odlisné v zavaznosti a hloubce, pokud jde o jednotlivé sledované parametry.

Vysledky vyzkumu ukazaly, Ze vykon ¢lenu skupiny schizofrennich pacientu byl statisticky signifi-
kantné nizsi v testu inteligence; v testu paméti nebyl signifikantni rozdil mezi obéma skupinami,
i kdyZ jisté trendy nizsiho vykonu se nachazely u pacientu se schizofrenii; v testu exekutivnich funk-
ci byl statisticky signifikantni rozdil u dimenze Odezev na konceptualni uroven, u jinych dimenzi
nebyl rozdil nalezen, ale v tomto testu skérovali hii¥e pacienti s depresivni poruchou; v testu slovni
plynulosti nebyl potvrzen signifikantni rozdil, skupina schizofrennich nemocnych vsak podala niz-
5i vykon; v testech pozornosti jsme také nenalezli statisticky signifikantni rozdil, nizsi vykony poda-
vali schizofrenni nemocni; statisticky signifikantni rozdil byl nalezen v testech reakénich éast na
vizualni i auditivni podnéty, kdy vyrazné horsi vykon podavala skupina pacientu s depresivni poru-
chou.

Kli¢ova slova: deprese, kognitivni deficit, neuropsychologické testy, schizofrenie.

Summary
Kuéerova H., Kunovska M., Piikryl R., Navratilova P., Cernik M.: Profile of Cognitive
Functions in Patients with Depression and Schiozphrenia

In our study we confirmed the existence of cognitive deficit in patients with depression and schi-
zophrenia. Cognitive dysfunction had different intensity and depth in depression and in schizoph-
renia and different parameters of cognition were impaired.

Our results manifested that performance of patients with schizophrenia was statistically lower in
test of intelligence; there were no differences in memory test, even though certain trends to lower
performance we found in patients with schizophrenia; in the test of executive functoins there was
a statistically significant difference in dimension of Conceptual level responses, in other dimensoin
there was no difference, but patients with depression had inferior performance; in the verbal fluen-
cy test there was no statistically significant difference between both groups, patients with schizoph-
renia had lower performance; attention - there was no statistically significant difference between
both groups, worse performance we found in patients with schizophrenia; statistically significant
difference was found in reaction time on both stimuli, visual and auditory stimulus, when marked-
ly worse performance was found in patients with depression.

Key words: depression, cognitive deficit, neuropsychological tests, schizophrenia.

Ces. a slov. Psychiat., 101, 2005, No. 8, pp. 412—421.

UVOoD

V poslednich letech se vénuje stale vice pozor-
nosti otdazkam kognitivnich procest, a to jak v teo-
retické tak i v klinické psychologii. Zvysil se zajem
psychiatra a Kklinickych psychologi vysetiovat
nemocné se schizofrenii a depresivni poruchou
stejné jako jiné kognitivni poruchy pomoci neuro-
psychologekych testti. Bylo prokazano, ze i depre-
se podobné jako schizofrenni onemocnéni ¢i neuro-
logické poruchy je spojena s urc¢itym typem
kognitivniho deficitu. Terminem ,kognitivni“ ozna-
¢ujeme Sirokou skalu psychickych schopnosti
a funkei, jako je vnimani, pamét, pozornost, exeku-

tivni funkce, schopnost uvazovani, jakoz i fecové
dovednosti.

KOGNITIVNI FUNKCE U SCHIZOFRENIE
Nazor na povahu a pri¢inu kognitivniho posko-
zeni u schizofrenie se v prabéhu let vyvijel. Bleu-
ler chapal poruchy elementarnich kognitivnich
procesu za primarni a domnival se, Ze vyznamné
prispivaji k porucham mysleni u schizofrenie.
V prvni poloviné 20. stoleti nastal odklon od téch-
to nazoru. Schizofrenie byla zafazena mezi ,funké-
ni“ onemocnéni mozku. Morfologickym naleztim se
v této dobé neprikladal velky vyznam, protoze
nalezy strukturalnich zmeén byly nejednoznac¢né
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a nespecifické. Kognitivni deficit byl povazovan za
druhotnou komplikaci, ktera byla davana do sou-
vislosti se snizenou motivaci nemocnych pii testo-
vych vySetienich, s pozitivnimi ptiznaky, s dlouho-
dobym pobytem nemocnych v 1é¢ebnych zarizenich
a s pouzivanim Kklasickych antipsychotik [36].

Dalsi posun v nazorech o povaze kognitivniho
deficitu nastal s rozvojem novych vyzkumnych
metod. Zobrazovaci metody potvrdily a upiesnily
vyskyt strukturalnich a funkénich zmén v mozku
pacientt se schizofrenni. Na schizofrenii se zacalo
pohlizet jako na nemoc, spojenou s pogkozenim uréi-
tych ¢asti mozku. Nalezy strukturalnich a funke-
nich zmén potvrdily, Ze kognitivni deficit je pri-
marni (jadrovy) piiznak schizofrenie [36].

Klinicky vyznamny kognitivni deficit se vysky-
tuje u 40-60 % nemocnych. Pouze asi u 15 %
nemocnych v kvalitni remisi schizofrenie je uroven
kognitivni vykonnosti srovnatelna se zdravymi
lidmi [23]. K prudkému zhorSeni kognitivnich
funkei dochazi béhem prvni epizody schizofrenie,
pozdéji zustava tento deficit znaéné stabilni a pie-
trvava po celou dobu nemoci [14, 12, 10]. Prohlu-
buje se pfi akutnich exacerbacich choroby, v obdo-
bi klinické remise vSak jiz nedojde k navratu
kognitivnich funkei na premorbidni uroven [34].
Proto je dulezité minimalizovat tipadek kognitiv-
nich funkei u mladych pacienti, zejména téch
s prvni epizodou nemoci.

OBLASTI KOGNITIVNI DYSFUNKCE
U SCHIZOFRENIE

Otéazkou zustava, zda kognitivni poskozeni spo-
jované se schizofrenii ma globalni povahu ¢i se jed-
na spise o poskozeni dil¢ich specifickych paramet-
ri kognitivnich funkeci. Specificky profil tohoto
poskozeni neni zatim dostate¢né znam a prozkou-
man. Jako nejvyznamnéjsi se jevi porucha pameé-
ti, porucha pozornosti a porucha ridicich (exe-
kutivnich) funkei [31, 12, 33]. Dale se mohou
objevit poruchy motorickych dovednosti, nékte-
rych aspektt feci a zrakové percpece [7]. Také vse-
obecny intelektovy vykon je u fady pacientti posti-
zen. Na kognitivni deficit se také muzeme divat
jako na projev Spatné koordinace jednotlivych dil-
¢ich kognitivnich funkei [34].

Jako relativné neporusené ztstavaji pri schizo-
frenii tyto kognitivni oblasti: expresivni slovnik,
vSeobecné znalosti a schopnost abstrahovat podob-
nosti [36].

KOGNITIVNI FUNKCE U DEPRESIVNI
PORUCHY

Podobné jako u schizofrenie se i u deprese nazo-
ry na pii¢iny kognitivni dysfunkce postupné vyvi-
jely a nadale méni. Zde je kognitivni poskozeni pri-
marnim nebo sekundarnim priznakem
onemocnéni je stale nerozresenou otazkou.

Je obecné povazovano za obtizné rozliseni
k nemoci vztazeného narusSeni kognitivnich funk-
ci, zda pri¢ina pochazi z ni — z nemoci, nebo z ostat-
nich klinickych symptom1, jimiZz je nemoc dopro-
vazena.

Neékteri autori zastavaji stanovisko, ze kognitiv-
ni deficit u této poruchy souvisi s organickym pod-
kladem, konkrétné s dysfunkeci pravé hemisféry
[30].

Jini autofi [30] pokladaji kognitivni deficit
u depresivni poruchy za vysledek snizené motiva-
ce.

OBLASTI KOGNITIVNIHO POSKOZENI
U DEPRESE

Kognitivni poskozeni u deprese je svou povahou
individualni, byva spojovdno se zavaznosti one-
mocnéni, poctem epizod a jejich prubéhem. Speci-
ficky profil tohoto poskozeni neni zatim dostatecné
znam a prozkouman.

Deficit kognitivnich funkei u deprese se od
poskozeni u schizofrenie lisi jak povahou, tak
i zminovanou zavaznosti a prubéhem. Na rozdil od
schizofrenie, kde naruseni kognitivnich funkei je
jiz nenavratné, u deprese se piedpoklada mozna
naprava. Jako nejvyznamnéjsi se jevi naruSeni
epizodické paméti a schponosti uéit se. Naru-
gena slovni plynulost, neschopnost pienosu
pozornosti na nové podnéty, zpomalena psycho-
motorika ¢i snizena kapacita pracovni paméti
jsou nejcastéji zminované diléi deficity kognitiv-
nich funkei u deprese [8, 29].

CILE VYZKUMU A HYPOTEZY

Zamérem nasi studie bylo posouzeni profila
kognitivniho deficitu u pacientt s depresivni poru-
chou a schizofrennim onemocnénim pomoci bate-
rie neuropsychologickych testti méricich kognitiv-
ni funkce. Zkoumany byly tyto kognitivni funkce:
pamét, pozornost, reakéni ¢asy, exekutivni funkce,
slovni plynulost a psychomotorické tempo; tedy
funkce, které jsou u obou skupin pacienti nejcas-
téji a nejvyznamnéji poskozeny. Také bylo prove-
deno orientaéni zjisténi intelektového vykonu.

Hypotéza

Profli kognitivniho deficitu u pacientt s depre-
sivni poruchou bude v dil¢ich komponentach kog-
nitivnich funkei odlisny od profilu kognitivnich
funkei u pacientt se schizofrennim onemocnénim.

Vyzkumny soubor

Tvorilo jej celkem 47 pacientu psychiatrické kli-
niky Lékarské fakulty Masarykovy univerzity
a Fakultni nemocnice Brno Bohunice, z toho 26
pacientt s diagnézou (F20) — prvni epizoda schi-
zofrenie a 21 pacientt s diagnézou (F32) — depre-
sivni porucha, prvni epizoda.
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U pacienta se schizofrenii bylo pramérné trva-
ni choroby 0,71 roku. Pramérné skoére skaly zjis-
tujici pfitomnost a intenzitu pozitivnich a nega-
tivnich symptomu schizofrenie (PANSS) bylo:
celkové skore 97,81, pozitivni symptomy 22,70,
negativni symptomy 25,89 a vSeobecné PANNS
bylo 49,21.

U pacientt s depresivni poruchou onemocnéni
trvalo v pruméru 0,55 roku. Prumérné skoére
v . HAMD (Hamiltonova skala deprese) dosahlo
hodnoty 15,64, skére v MADRS (skala Montgome-
ryho a Asbergové pro posuzovani deprese) dosahlo
v pruméru hodnoty 23,81.

Testovanymi osobami byli muzi ve vékovém roz-
mezi 18-39 let (med.=26) u pacientt se schizofre-
nii a 26-62 let (med.=38) u pacienti s depresivni
poruchou (z toho 14 pacienti bylo nad 45 let).

Diagnoza byla stanovena prijimajicim lékafem
— psychiatrem — dle kritérii MKN-10. U vsech
pacienti bylo v ramci jejich hospitalizace provede-
no komplexni neuropsychologické vysetieni kogni-
tivnich funkci. Toto vySetfeni probihalo individu-
alné u kazdého pacienta s ohledem na jeho
zdravotni stav a miru unavitelnosti a bylo podle
potieby rozdéleno na nékolik ¢asti.

U pacientt s prvni epizodou schizofrenie vyset-
feni néasledovalo zpravidla po zac¢atku medikace.
U pacientti s depresivni poruchou vysetfeni pro-
béhlo v ramci tydenniho ,washout®, jesté pred
zahajenim antidepresivni medikace.

Pouzité metody

Pro ucely hodnoceni kognitivniho deficitu
u deprese a schizofrenie byla sestavena komplexni
baterie neuropsychologckych testii. Celkova doba
vySetieni se pohybovala v praméru dvé az dvé
a pul hodiny, nemocni ji provadéli podle svych
schopnosti a aktualnich moznosti tieba i nékolik
dni.

Jednalo se o nasledujici testy: inteligence —
Ravenovy progresivni matrice; pamét — WMS-III
(Wechslerova skala paméti — Wechsler Memory
Scale); exekutivni funkce — WCST (Wisconsinsky
test tridéni karet — Wisconsin Card Sorting Test);
slovni plynulost — VFT (Test verbalni fluence —
Verbal fluency test); pozornost, psychomotorické
tempo — Test cesty (Trail making test)), CWT —
Stroopuv Color-Word Test, CPT — Test setrvalé
pozornosti (Continuous performance test); reakéni
¢asy — méreni vizualniho a auditivniho reakéniho
casu.

Statistika

Data byla zpracovana pomoci statistickych pro-
gramu SPSS 11.5 for Windows. Vzhledem k pova-
ze dat bylo pouzito: neparametrického poradového
testu Mann-Whitney U-Test, Spearmanova kore-
la¢éniho koeficientu, frekvenc¢nich tabulek, metod
popisné statistiky pro zjisténi st¥ednich hodnot
a smérodatné odchylky obou souboru.

VYSLEDKY

Vykon v testu inteligence (Ravenovy pro-
gresivni matrice)
® Schizofrenni pacienti

Priamérny vykon (107,7 1Q) skupiny schizofren-
nich pacientt v testu inteligence spada do pasma
praméru (90-110 IQ), ve kterém se nachazi 42,3 %
v8ech vykont schizofrennich pacientd v tomto
testu.
® Depresivni pacienti

Priameérny vykon (124 [Q) skupiny depresivnich
pacientt v testu inteligence se nachazi v pasmu
nadpriuméru (>110 1Q), do kterého spada 76,2 %
vSech vykoniu depresivnich pacienti v tomto
testu.
® Srovnani vykonu

Mezi skupinou schizofrennich pacientt a skupi-
nou pacienti s depresi je signifikantni rozdil
(Z=-3,137; p=0,002) ve vykonu v testu inteligence,
a to na 1% hladiné vyznamnosit. U skupiny schi-
zofrennich pacienti byl vykon nizsi.

Vykon v testu paméti (Wechsler Memory
Scale)

Bezprostredni sluchova pamét
® Schizofrenni pacienti

Prameérny vykon (82,9 MQ) skupiny schizofren-
nich pacientit v testu bezprostredni sluchové
pameéti se nachéazi v pAsmu podpriuméru (<90 MQ),
do kterého spada 69,2 % vsech vykontu schizofren-
nich pacientti v tomto testu.
® Depresivni pacienti

Prumérny vykon (86,6 MQ) skupiny depresiv-
nich pacientt v testu bezprostredni sluchové
paméti se naléza v pasmu podprimeéru (<90 MQ),
do kterého spada 66,7 % vsech vykont depresiv-
nich pacientt v tomto testu.
® Srovnani vykonu bezprostredni sluchové

paméti

Mezi skupinou schizofrennich pacientt a skupi-
nou pacientt s depresi neni signifikantni rozdil
(Z=-0,504; p=0,615) ve vykonu v testu bezprostied-
ni sluchové paméti. U skupiny schizofrennich
pacientt byl vsak vykon nizsi.

Bezprostredni zrakova pamét’
® Schizofrenni pacienti

Primeérny vykon (80,7 MQ) skupiny schizofren-
nich pacienti v testu bezprostiredni zrakové pamé-
ti spada do pasma podpriaméru (<90 MQ), do kte-
rého nalezi 76,9 % vsech vykonu schizofrennich
pacientt v tomto testu.
® Depresivni pacienti

Prumérny vykon (85,6 MQ) skupiny depresiv-
nich pacienti v testu bezprostiedni zrakové pamé-
ti se nachazi v paAsmu podpriméru (<90 MQ), do
kterého spada 66,7 % vsech vykonu depresivnich
pacientt v tomto testu.
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® Srovnani vykonu bezprostredni zrakové pameéti

Mezi skupinou schizofrennich pacientt a skupi-
nou pacientt s depresi neni signifikantni rozdil
(Z=-1,126; p=0,260) ve vykonu v testu bezprostied-
ni zrakové paméti. Znovu skupina schizofrennich
pacienti méla vykon nizsi.

Bezprostiedni pamét
® Schizofrenni pacienti

Prameérny vykon (81,3 MQ) skupiny schizofren-
nich pacientti v testu bezprostfedni paméti se
nachazi v pasmu podpraméru (<90 MQ), do které-
ho spada 80,8 % vsech vykont schizofrennich paci-
entl v tomto testu.
® Depresivni pacienti

Prameérny vykon (84,3 MQ) skupiny depresiv-
nich pacienti v testu bezprostfedni sluchové
pameéti nalezi do pasmu podprameéru (<90 MQ), do
kterého spada 66,7 % vsech vykonu depresivnich
pacienti v tomto testu.
® Srovnani vykonu bezprostredni paméti

Mezi skupinou schizofrennich pacienti a skupi-
nou pacientt s depresi neni signifikantni rozdil
ve vykonu v testu bezprostiedni paméti (Z=-0,279;
p=0,781). Skupina schizofrennich pacientt dosa-
hla nizsiho vykonu.

Oddadalena sluchova pamét
® Schizofrenni pacienti

Pramérny vykon (83,2 MQ) skupiny schizofren-
nich pacienta v testu oddalené sluchové paméti se
nachazi v pasmu podpraméru (<90 MQ), které
zahrnuje 69,2 % vsech vykonu schizofrennich paci-
entt v tomto testu.
® Deprestvni pacienti

Pramérny vykon (85,4 MQ) skupiny depresiv-
nich pacientt v testu oddéalené sluchové paméti se
opét nachazi v pasmu podpraméru (<90 MQ), do
kterého spada 61,9 % vsech vykont depresivnich
pacientt v tomto testu.
* Srovnani vykonu oddalené sluchové paméti

Mezi skupinou schizofrennich pacienti a skupi-
nou pacientt s depresi neni signifikantni rozdil
(Z=-0,396; p=0,692) ve vykonu v testu oddalené
sluchové paméti. Skupina schizofrennich pacienti
podala vykon nizsi.

Odddalena zrakova pamét
® Schizofrenni pactenti

Pramérny vykon (79,9 MQ) skupiny schizofren-
nich pacientd v testu oddalené zrakové pameéti se
nachazi v pasmu podpraméru (<90 MQ), do néhoz
spada 80,8 % vsech vykont schizofrennich pacien-
ta v tomto testu.
® Depresivni pacienti

Primérny vykon (83,9 MQ) skupiny depresiv-
nich pacienti v testu oddalené zrakové pameéti
spada do pasma podpriméru (<90 MQ), v némy se
nachazi 71,4 % vsech vykonu depresivnich pacien-
ta v tomto testu.

® Srovnani vykonu oddalené zrakové paméti

Mezi skupinou schizofrennich pacientt a skupi-
nou pacienti s depresi neni signifikantni rozdil
(Z=-0,890; p=0,374) ve vykonu v testu oddalené
zrakové paméti. U skupiny schizofrennich pacien-
t byl vykon opét nizsi.

Oddalené sluchové znovupoznani
® Schizofrenni pacienti

Primérny vykon (83,4 MQ) skupiny schizofren-
nich pacienta v testu oddaleného sluchového zno-
vupoznani spada do pasma podprumeéru (<90 MQ),
v kterém lezi 65,4 % vsech vykont schizofrennich
pacientu v tomto testu.
® Depresivni pacienti

Primérny vykon (90,3 MQ) skupiny depresiv-
nich pacientt v testu oddaleného sluchového zno-
vupoznani se nachazi na hranici pasma praméru
(90-110 MQ), co kterého spada 42,9 % vsech vyko-
nu depresivnich pacienta v tomto testu.
® Srovnani vykonu oddaleného sluchového

znovupoznani

Mezi skupinou schizofrennich pacienti a skupi-
nou pacientt s depresi neni signifikantni rozdil
(Z=-1,160; p=0,246) ve vykonu v testu oddaleného
sluchového znovupoznani. Skupina schizofrennich
pacientt méla vykon nizsi.

Vseobecna pameét’
® Schizofrenni pacienti

Primérny vykon (81,6 MQ) skupiny schizofren-
nich pacientd v testu vseobecné paméti lezi v pas-
mu podprimeéru (<90 MQ), co kteréhospada 73,1 %
v8ech vykonu schizofrennich pacientt v tomto tes-
tu.
® Depresivni pacienti

Prumérny vykon (85,3 MQ) skupiny depresiv-
nich pacienti v testu vSeobecné paméti nalezi do
pasmu podprimeéru (<90 MQ), v némz lezi 76,2 %
v8ech vykont depresivnich pacienti v tomto testu.
* Srovnani vykonu vseobecné paméti

Mezi skupinou schizofrennich pacienttu a skupi-
nou pacienti s depresi neni signifikantni rozdil
ve vykonu v testu vseobecné pameéti (Z=-0,535;
p=0,592). Avsak skupina schizofrennich pacientt

méla vykon opét nizsi.

Pracovni pamét
® Schizofrenni pacienti

Prameérny vykon (86,0 MQ) skupiny schizofren-
nich pacientt v testu pracovni paméti se nachazi
v pasmu podpriumeéru (<90 MQ), do kterého spada
73,1 % vsech vykonu schizofrennich pacientt
v tomto testu.
® Depresivni pacienti

Pramérny vykon (87,7 MQ) skupiny depresiv-
nich pacientii v testu pracovni paméti téz jeste
spada do pasma podpruméru (<90 MQ), v némz
lezi i 57,1 % vsech vykonu depresivnich pacientt
v tomto testu.
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Graf 1. Vykony v testech paméti obou skupin pacientu.

® Srovnani vykonu pracovni paméti

Mezi skupinou schizofrennich pacienti a skupi-
nou pacientu s depresi neni signifikantni rozdil
(Z=-0214; p=0,830) ve vykonu v testu pracovni
paméti. V¥kon skupiny schizofrennich pacientt
byl ale nizsi.

VYKONY V TESTU PAMETI OBOU SKUPIN
PACIENTU

Pro prehled prumérnych vykonu v jednotlivych
testech paméti uvadime graf 1. Mazeme zde vidét
rozdily mezi vykony v téchto testech jak v ramci
jedné skupiny pacienti, tak mezi obéma skupina-
mi pacienti.

Vykon v testu ridicich (exekutivnich)
funkeci (Wisconsinsky test tFidéni karet)

Perseverativni odezvy
e Schizofrenni pacienti

Pramérné skére perseverativnich odezev (96,2)
skupiny schizofrennich pacienti ve Wisconsin-
ském testu t¥idéni karet se nachazi v pasmu pri-
meéru (92-106), do kterého spada 23,1 % veskerych
skore perseverativnich odezev tohoto testu u schi-
zofrennich pacientt.
® Depresivni pacienti

Primeérné skore perseverativnich odezev (87,8)
skupiny depresivnich pacienttt ve Wisconsinském
testu tiidéni karet spadid do pasma podpriuméru
(<91), ve kterém lezi 61,9 % vsech vykont katego-
rie perseverativnich odezev tohoto testu u depre-
sivnich pacienti.
® Srovnani vykonu dimenze perseverativni

odezvy

Mezi skupinou schizofrennich pacientt a sku-
pinou pacienti s depresi neni signifikantni
rozdil v kategorii perseverativnich odezev Wis-
consinského testu tridéni karet (Z=-1,349;
p=0,177). Skupina depresivnich pacienti méla
vykon nizsi.

Perseverativni chyby

e Schizofrenni pacienti

Primérné skoére perseverativnich chyb (95,2)
skupiny schizofrennich pacienti ve Wisconsin-
ském testu tiridéni karet se nachézi v pasmu pru-
meéru (92-106), do kterého spada 34,6 % vsech
vykont schizofrennich pacienti v této kategorii
testu.
® Depresivni pacienti

Pramérné skoére perseverativnich chyb (88,0)
skupiny depresivnich pacienttt ve Wisconsinském
testu tiidéni karet spada do pasma podprameéru
(<91), do kterého spada 57,1 % vSech vykonu
depresivnich pacienti v této kategorii testu.

® Srovnani vykonu v dimenzi perseverativnich
chyb

Mezi skupinou schizofrennich pacientii a skupi-
nou pacienti s depresi neni signifikantni rozdil
(Z=-1,274; p=0,203) v skérech perseverativnich
chyb WCST. V¥’kon skupiny depresivnich pacientu
byl opét nizsi.

Odezvy na konceptudlni iroveri
® Schizofrenni pacienti

Primeérné skore odezev na konceptualni droven
(94,8) skupiny schizofrennich pacienta ve Wiscon-
sinském testu t¥idéni karet se nachazi v pasmu
prameéru (92-106), do kterého spada 19,2 % vsech
vykontu schizofrennich pacienti v této kategorii
testu.
® Depresivni pacienti

Priumérné skére odezev na konceptualni uroven
(84,1) skupiny depresivnich pacienti ve Wiscon-
sinském testu tfidéni karet lezi v pasmu podpri-
meéru (<91), do kterého spada 66,7 % téchto vyko-
nu.
* Srovnani vykonu v dimenzi odezvy

na konceptualni droven

Mezi skupinou schizofrennich pacienti a skupi-
nou pacientt s depresi je signifikantni rozdil
(Z=-1,969; p=0,049) ve skorech odezev na koncep-
tualni darovni WCST, a to na 5% hladiné vyznam-
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Graf 2. Vykony obou skupin pacienti v testu fidicich (exekutivnich) funkei.

nosti. U skupiny depresivnich pacientti byl vykon
statisticky signifikantné nizsi.

Rozdily mezi pramérnymi vykony v jednotlivych
kategoriich testu f¥idicich (exekutivnich) funkei
u obou skupin pacientii nam ukazuje graf 2.

Vykon v testu slovni plynulosti

(Verbal Fluency Test)
® Schizofrenni pacienti

Pramérny vykon (30,6) skupiny schizofrennich
pacientit v Testu verbalni fluence se nachazi na
hranici pasma prameéru (30-70), do kterého spada
23,1 % vsech vykonu schizofrennich pacientta
v tomto testu.
® Deprestvni pacienti

Pramérny vykon (36,4) skupiny depresivnich
pacienti v Testu verbalni fluence spada do pasma
prameéru (30-70), v kterém lezi 61,9 % vsech vyko-
nu depresivnich pacientt v tomto testu.
* Srovnani vykonu

Mezi skupinou schizofrennich pacienti a skupi-
nou pacientu s depresi neni signifikantni rozdil
ve vykonu v Testu verbalni fluence (Z=-1,279;
p=0,201). Skupina schizofrennich pacientti vsak
podala nizsi vykon.

Vykon v Testu cesty (Trail Making test) —
psychomotorické tempo, pozornost

Cast A
® Schizofrenni pactenti

Pramérny vykon (4,42) skupiny schizofrennich
pacientu v ¢asti A Testu cesty dosahuje pasma pru-
meéru (3-7), do kterého spada 88,5 % vsech vykonu
schizofrennich pacienta v této ¢asti testu.
® Depresivni pacienti

Priumérny vykon (3,76) skupiny depresivnich
pacientt v c¢asti A Testu cesty se nachazi v pas-
mu praméru (3-7), do kterého spada 76,2 %
vsech vykont depresivnich pacienta v této casti
testu.

* Srovnani vykonu v ¢asti A testu

Mezi skupinou schizofrennich pacientt a skupi-
nou pacientt s depresi neni signifikantni rozdil
(Z=-1,106; p=0,269) ve vykonu v A ¢asti Testu cesty.
U skupiny depresivnich pacientt byl vykon nizsi.

Cast B
® Schizofrenni pacienti

Pramérny vykon (5,62) skupiny schizofrennich
pacienttt v c¢asti B Testu cesty odpovida pasmu
pruméru (3-7), do kterého spada 73,1 % vSech
vykont schizofrennich pacientt v této ¢asti testu.
® Depresivni pacienti

Pramérny vykon (5,24) skupiny depresivnich
pacientti v B ¢asti Testu cesty spada do pasma pri-
méru (3-7), v némz se nachazi 81,0 % vsech vyko-
nu depresivnich pacienta v této ¢asti testu.
* Srovnani vykonu v ¢asti B testu

Mezi skupinou schizofrennich pacientt a skupi-
nou pacienttu s depresi neni rozdil ve vykonu v B
casti Testu cesty signifikantni (Z=-0,607;
p=0,544). Skupina depresivnich pacienti dosahla
nizsi vykon.

Vykon v testech pozornosti

Stroopuv test
® Schizofrenni pacienti

Primérny vykon (666,5 ms) skupiny schizofren-
nich pacienti ve Stroopové Color-Word Testu lezi
v pasmu podprameéru (>601 ms), do kterého spada
80,8 % vsech vykona schizofrennich pacientt
v tomto testu.
® Depresivni pacienti

Prameérny vykon (655,1 ms) skupiny depresiv-
nich pacientt ve Stroopové Color-Word Testu spa-
da do pasma podpruméru (>601 ms), do kterého
spada 66,7 % vsech vykont depresivnich pacientu
v tomto testu.
* Srovnani vykonu ve Stroopové testu

Mezi skupinou schizofrennich pacientt a skupi-
nou pacienti s depresi neni signifikantni rozdil
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(Z=-0,663; p=0,507) ve vykonu ve Stroopové Color-
Word Testu. U skupiny schizofrennich pacientt
byl vykon nizsi.

Test setrvalé pozornosti
® Schizofrenni pacienti

Pramérny vykon (424,5 ms) skupiny schizofren-
nich pacienti v Testu setrvalé pozornosti lezi
v pasmu podpraméru (>400 ms), do kterého spada
61,5 % vsech vykonu schizofrennich pacientt
v tomto testu.
® Depresivni pacienti

Pramérny vykon (405,5 ms) skupiny depresiv-
nich pacientd v Testu setrvalé pozornosti se
nachazi na hranici pasma podprameéru (>400 ms),
do kterého spada 33,3 % vSech vykonu depresiv-
nich pacienti v tomto testu.
® Srovnani vykonu v Testu setrvalé

pozornosti (CPT)

Rozdil ve vykonu v Testu setrvalé pozornosti
mezi skupinou schizofrennich pacienti a skupinou
pacientt s depresi neni signifikantni (Z=-1,402;
p=0,161). Skupina schizofrennich pacienti méla
vykon nizsi.

Vykon v testech reakéniho ¢asu

Vizualni reakcni ¢as
® Schizofrenni pactenti

Pramérny vykon (33,2 ms) skupiny schizofren-
nich pacientt v testu vizualniho reakéniho ¢asu se
nachazi v pasmu podpraméru (>27 ms), do které-
ho spada 92,3 % vsech vykontu schizofrennich paci-
entt v tomto testu.
® Depresivni pacienti

Pramérny vykon (40,9 ms) skupiny depresiv-
nich pacientt v testu vizualniho reakéniho ¢asu se
vztahuje k pasmu podprimeéru (>27 ms), ve kte-
rém najdeme 95,2 % vSech vykont depresivnich
pacient naseho vzorku v tomto testu.
* Srovnani vykonu ve vizualnim reakénim céase

Mezi skupinou schizofrennich pacientt a skupi-
nou pacientt s depresi je signifikantni rozdil
(Z=-2,061; p=0,039) v pramérném vizualnim
reakénim case, a to na 5% hladiné vyznamnosti.
Skupina depresivnich pacienti podala statisticky
signifikantné nizsi vykon.

Auditivni reakéni ¢as
® Schizofrenni pactenti

Pramérny vykon (23,8 ms) skupiny schizofren-
nich pacientd v testu auditivniho reakéniho ¢asu
dosahuje pasma praméru (23—-26 ms), které zahr-
nuje 46,2 % vsech vykonu schizofrennich pacientt
v tomto testu.
® Depresivni pacienti

Pramérny vykon (30,3 ms) skupiny depresiv-
nich pacientii v testu auditivniho reakéniho ¢asu
se nachdazi v pasmu podpriméru (>27 ms), do kte-
rého spada 52,4 % vsech vykonu depresivnich
pacienti v tomto testu.

* Srovnani vykonu v auditivnim reakénim éasu

Mezi skupinou schizofrennich pacientt a skupi-
nou pacientit s depresi je signifikantni rozdil
(Z=-1,995; p=0,046) v prumérném auditivnim
reakénim ¢asu, a to na 5% hladiné vyznamnosti.
U skupiny depresivnich pacienti byl vykon statis-
ticky signifikantné nizsi.

DISKUSE

V nasi studii v souladu s dostupnou odbornou
zahraniéni literaturou jsme potvrdili piitomnost
kognitivniho deficitu u dvou neuropsychiatrickych
onemocnéni — schizofrenie a deprese. Profily kog-
nitivniho deficitu se u téchto onemocnéni lisily.

Intelektova troven byla u skupiny schizofren-
nich pacienti prumérna [18]. Signifikantné se lisi-
la od intelektové trovneé skupiny pacienti s depre-
sivni poruchou, jejiz vykon v testu inteligence
odpovidal pasmu nadpriméru. Je ale znamym
faktem, Ze nami pouzity inteligenc¢ni test se pi¥i
vékové korekei se vzrustajicim vékem nadhodno-
cuje, ¢cimz mohl ve svém dusledku zvyhodnit sku-
pinu depresivnich pacientt, kteti byli vékové star-
§1 nez nemocni s prvni epizodou schizofrenie (pozn.
rozdilny vék nastupu onemocnéni).

Objektivni hodnoceni pamétovych funkci bylo
u obou skupin vyrazné podprimeérné, s vyjimkou
oddaleného sluchového znovupoznani (rozpoznani
diive sluchové prezentovanych podnétt po urci-
tém casovém oddaleni mezi vétSim mnozstvim
jinych podnéti) u skupiny pacientii s depresivni
poruchou. To potvrzuje fakt, Ze nemocni s depresi
maji vice narusenou schopnost ,aktivné si vzpome-
nout na urc¢itou informaci“ nez ji jen ,pasivné“
poznat mezi predloZzenymi moznostmi [35, 32, 9].
Na zakladé toho je mozné se domnivat, Ze nemoc-
ni s depresivni poruchou selhavaji zejména v téch
testech, kde je zapotiebi vynalozit jistého usili
k dosazeni feSeni. Rozdil mezi skupinami v jedno-
tlivy’ch zkoumanych indexech paméti nebyl statis-
ticky signifikantni, piesto ve vysledcich §lo sledo-
vat uvedené trendy.

Skupina schizofrennich pacienti vykazovala
sirokou §kalu postizeni pamétovych funkei, jejichz
deficit byl vyraznéjsi oproti skupiné pacientt
s depresi. Pacienti obou skupin méli ve shodé
s literaturou [22, 33] obtize pi¥i vybavovani si
obrazkl, uceni se verbalnim parovym asociacim,
pii vypravéni pribéhd, znovupoznavani tvari,
usporadavani pismen a ¢isel a prostorovém rozsa-
zrakové paméti, mirné horsi vykony pak byly
zaznamenavany v testech zrakové paméti oproti
vysledkiim v testech sluchové paméti. Relativné
nejméné pak byla postizena pracovni pamét, ktera
byva ve studiich u pacienti se schizofrenii
i s depresivni poruchou velmi ¢asto poskozena [6,
16, 25]. Toto si vysvétlujeme ,mékkosti“ norem
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pamétového testu WMS III., kde pro jednotliva
vykonnova pasma (prameér, podprimeér, nadpri-
meér) je veliké rozpéti hodnot.

U skupiny schizofrennich pacientt nebyl zazna-
menan rozdil mezi vysledky v testech bezprostied-
ni a oddalené paméti, coz je v rozporu s nalezy
nékterych studii [12, 13] zatimco u skupiny paci-
entd s depresi byla pozorovana lehka akcelerace
zapominani.

Pomoci WCST (Wisconsinského testu t¥idéni
karet) jsme ve shodé s literaturou [3, 4, 21, 26]
potvrdili Sirokou skalu poskozeni vyssich exeku-
tivnich (fidicich) funkeci u skupiny pacienti
s depresi, zatimco vykon v tomto testu u skupiny
schizofrennich pacienta odpovidal praméru. Roz-
dil mezi obéma skupinami byl statisticky signifi-
kantni pouze u dimenze odezev na konceptualni
uroven. Kognitivni naruSeni se u pacientu
s depresi projevilo kognitivni rigiditou [34] —
neschopnosti formovat, provadét a ménit kogni-
tivni nastaveni, sniZenou schopnosti ucdit se
z chyb a korigovat je. Pomérné ¢asté byly perse-
vera¢ni vzorce (perseveracni odpovédi, perseve-
raéni chyby). ReSeni vyzadovalo schopnost strate-
gického planovani, organizaci zkoumani, vyuziti
zpétné vazby a modulovani odpovédi na podnéty,
kterou pacienti s depresi nedisponovali v dosta-
tecné mire potiebné k tuspéSnému feseni ukola
tohoto testu.

Jako dulezity faktor se zde jevil fakt, ze depre-
sivni pacienti maji vétsi tendenci soustredit se
a zaobirat symptomy a problémy souvisejicimi
s onemocnénim [23, 24, 19, 37]. Nékteii autoii
povazuji tyto tendence za pfi¢inu naruseni exeku-
tivnich funkei, jez se projevi shodné s vysledky
naseho vyzkumu, mnozstvim perseverativnich
chyb, tendencemi ke stereotypnim odpovédim
a neschopnosti generalizace.

Vykon v testu slovni plynulosti byl u obou sku-
pin pacienta tésné nad hranici podpriiméru a pri-
meéru, coZ nasvédéuje mirnému naruseni, bez sig-
nifikantniho rozdilu mezi obéma skupinami.
Skupina schizofrennich pacientia podala ve shodé
s jinymi studiemi vykon nizsi [36, 15, 27], ale
i skupina pacientt s depresivni poruchou vykazo-
vala poruchu slovni plynulosti [5, 29], i kdyZz o néco
nizsi zavaznosti nez skupina nemocnych se schi-
zofrenii.

Vzhledem k podprumérnym vysledkim testi
pozornosti obou skupin pacientt (ackoli nebyl sta-
tisticky signifikantni rozdil mezi obéma skupina-
mi) poukazujeme na narusenou uroven cilené kon-
centrace pozornosti. Pacienti neudrzeli pozornost
po delsi ¢asové obdobi a vyrazny problém jim délal
prenos pozornosti jinym smérem (tzv. shifting)
[34, 2, 5, 26]. Na podnéty pacienti odpovidali
pomaleji a ¢asto nepfiméiené [34, 15]. Predpoklad,
Ze pozornost negativné ovliviiuji poruchy kratko-
dobé a pracovni paméti [20] — zvlasté pii testovém
vySetieni, kdy nemocny nékdy chybuje, protoze

neni schopen podrzet v kratkodobé paméti testo-
vou instrukei, byl v nasi praci ¢astetné potvrzen.
Rychlost percepce v testech pozornosti byla u sku-
piny depresivnich pacientt vzhledem k rychlosti
percepce skupiny schizofrennich pacientt lepsi,
prestoze psychomotorické tempo té samé skupiny
bylo signifikantné nizsi [26], a to v pasmu vyraz-
ného podprumeéru. Podobné i vysledky v Testu ces-
ty ¢asti A poukazuji na mirné snizeny vykon psy-
chomotorického tempa skupiny pacienta
s depresivni poruchou oproti skupiné schizofren-
nich pacientti. Kdezto vykon v B ¢asti tohoto testu,
ktera je lepsim indikatorem flexibility, vizuomoto-
rické koordinace a rozdélené pozornosti, spadal
u obou skupin do pasma pruméru. Tento nélez je
v rozporu s literaturou, kterda hovoii o poskoze-
nych vizuomotorickych schopnostech zejména
u pacientt s depresivni poruchou [6].

V testech reakénich ¢asu, at uz na vizualni ¢
auditivni podnéty, byl mezi obéma skupinami sta-
tisticky signifikantni rozdil. Skupina pacienta
s depresivni poruchou vykazovala vyrazné nizsi
vykon, ktery odpovidal podpramérné trovni.

Vyse uvedené ctyri testy (Stroopuv Color-Word
Test, Test setrvalé pozornosti, Reakéeni ¢asy a Test
cesty) jsou mimo jiz zminéné také ukazateli vyko-
nové kapacity ve smyslu pracovniho tempa a una-
vitelnosti, coz jsou charakteristiky, ke kterym se
vztahuje vétsina subjektivnich stiznosti nemoc-
nych s depresi. V téchto testech nebyl signifikant-
ni rozdil mezi pacienty se schizofrenni a depresiv-
ni poruchou. P¥esto nam tyto vysledky nepiimo
ukazuji na mozny vliv inavy, zaobirani se nemoci
a neschopnosti vynalozit jisté usili k dosazeni
uspésného Feseni téchto testi zejména u nemoc-
nych s depresivni poruchou.

Dulezitymi vnéj$imi proménnymi, které mohly
limitovat vysledky naseho vyzkumu, jsou medika-
ce, pohlavi, vék a vzdélani. Snazili jsme se, aby obé
skupiny byly v rameci moznosti proto v téchto cha-
rakteristikach vyrovnané, u polozky véku nebylo
mozné tuto podminku splnit. Obé tato onemocnéni
se vyznacuji specifickym vékem vzniku nemoci, jez
se u obou skupin podstatné 1isi. Presto z nasi stra-
ny byla vynalozena snaha o co nejvétsi homogeni-
zaci souboru, proto do studie byli zafazeni pouze
muzi, a to s prvni epizodou nemoci, co se tyka schi-
zofrenie, tak i depresivni poruchy. U nemocnych se
tedy jednalo o ¢erstvé naruseni kognitivnich funk-
ci, ne o chronicky (rezidualni) stav onemocnéni.

ZAVER

Tato vyzkumna prace ve shodé s literaturou jas-
né prokazala pFitomnost kognitivniho deficitu
u skupiny schizofrennich pacientt a skupiny paci-
entua s depresi, i kdyz v odlisné zavaznosti a hloub-
ce, co se tyka jednotlivych sledovanych parametri.

Vysledky vyzkumu ukéazaly, ze statisticky signi-
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fikantni rozdil mezi skupinami se nachazel u tes-
tu inteligence v neprospéch schizofrennich pacien-
ta, kteti podali nizsi vykon, v testu exekutivnich
funkci v neprospéch pacienti s depresivni poru-
chou, a v testech reaké¢nich cast, kde signifikant-
né nize skorovali pacienti s depresi. V ostatnich
testech nebyl statisticky signifikantni rozdil potvr-
zen, i kdyZz pacienti se schizofrenii ve sledovanych
parametrech kognitivnich funkei (pamét, pozor-
nost, verbalni fluence...) podavali nizsi vykon nez
pacienti s depresivni poruchou.

I kdyz ziskané vysledky vzhledem k poc¢tu vyset-
fovanych nemocnych nelze samoziejmé nijak

generalizovat, piesto je lze povazovat za prispévek
k potvrzeni pritomnosti kognitivniho deficitu
a jeho vzajemnych odlisnosti u dvou nejvyznam-
néjsich neuropsychiatrickych onemocnéni a také
jako vyzvu pro zabyvani se touto problematikou
i v budoucnosti, nap¥. zaméfenim se také na dyna-
miku kognitivniho deficitu a jejiho vzajemného
srovnani u téchto dvou onemocnéni.

Tato prace vznikla za podpory Interni grantové
agentury Ministerstva zdravotnictvi CR IGA MZ
CR (projekt éislo: NR7990-3/2004) a Vyzkumnym
zamérem MS CR (projekt é. MSM0021622404).
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1. V ptipadé, zZe nemate zajem v predplatném pokracovat, je tieba se odhlasit, a to pisemné. Pokud se
neodhlasite, budeme Vas déale povazovat za predplatitele a budeme vymahat platbu. Vylou¢ena neni
ani penalizace, nebot v souvislosti s vymahanim nam jako vydavateli vznikaji vicenaklady.

2. Nastaly-li u Vas jakékoliv zmény (adresy, jména, bydlisté, zaméstnani, firmy atd.), ohlaste nam tuto
zménu ihned, tedy diive, nez za¢neme rozesilat nové slozenky a faktury.

3. Pokud hodlate pokracovat v predplatném beze zmén, neni tieba ¢init zadné zvlastni kroky. Slozen-
ky a faktury na rok 2006 obdrzite od nas samostatné postou, nikoli vlozené k ¢asopisu.

Dékujeme za pochopeni a téSime se na dalsi spolupraci.

Zajemci o nové piedplatné mohou vyuzit elektronické piihlasky na adrese http:/www.clsjep.cz

Nakladatelské a tiskové stredisko CLS JEP
Sokolska 31, 120 26 Praha 2
fax: 224 266 226, e-mail: spalova@cls.cz
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Souhrnem lze fici, ze u obou neuropsychiatrickych onemocnéni, tedy schizofrenie i depresivni
poruchy, jde o celkové naruseni kognice, neexistuje specificka porucha pro schizofrenii
nebo jiné psychiatrické onemocnéni, spiSe je rozdil v mife a intenzité postizeni a ovlivnéni
jednotlivych domén kognitivnich funkci aVv ¢asové komponenté¢ samotného kognitivniho

narusenti.
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5 Neuropsychologicka rehabilitace — moZnosti rehabilitace kognitivnich

funkci

Naruseni kognitivnich funkci U nemocnych schizofrenii s sebou jednoznacné nese dusledky
projejich bézny kazdodenni zivot. Vyzkumy ukazaly, ze kognitivni dysfunkce
je nejdulezitéjsi faktor nemoci, ktery souvisi Se socialnimi dovednostmi. Naruseni
kognitivnich funkci je spojovano S nepfiznivou progndézou onemocnéni, S nizkou kvalitou
zivota a s neschopnosti nemocnych vést samostatny anezavisly zivot. Mnoho pacientil
se schizofrenii neni schopno Sinajit audrzet zaméstnani. Toto selhani je spojovano
s nedostate¢nym osvojovanim pracovnich dovednosti nebo se selhavanim pti vykonu
Vv zaméstnani. V pozadi téchto nezdarG stoji kognitivni deficit. Pozitivni schizofrenni
symptomy jako jsou hlasy, bludy, halucinace, ... ovliviiuji pracovni ¢innost jen ¢asteéné,
ale naruseni kognitivnich funkci se ukazuje byt jednou z hlavnich pfi¢in obtizi nemocnych
se schizofrenii Vv Socialni a pracovni adaptaci, a kognitivni deficit Se tak podstatnou mirou

podili na pfimych i nepiimych nakladech péce 0 tyto nemocné™.

Socialni fungovani, schopnost pracovniho zapojeni ikvalitu Zivota lze ovlivnit zlepSenim
kognitivnich funkci. ZlepSeni a rehabilitace kognitivniho poSkozeni miZe pacientim pomoci

ve znovuzapojeni do bézného zivota a umoznit jim vést plnohodnotny zivot.

Stejné tak i depresivni porucha mtze nemocnym piinést dlouhotrvajici naruseni ¢i sniZeni
nejrizngjSich schopnosti a funkci, véetné kognitivnich. A praveé uroven kognitivnich funkci
se ukazuje jako dulezity faktor depresivniho onemocnéni, ktery souvisi Se schopnosti
opétovného zaclenéni pacienti do produktivniho zivota. Ukazuje se opét i u depresivni
poruchy, ze narusené kognitivni fungovani ma vyznamné psychosocialni dusledky a snizuje
kvalitu Zivota. Muze vést K potizim prozivat nezavisly a aktivni Zivot, stejn¢ tak jako muize
vyznamné  stézovat navrat doprace. Oproti jinym psychiatrickym  porucham

(napf. schizofrenii) zahrnuje mnohem vyssi procento populace (5-19%).

Jistd mira naruseni kognitivnich funkci neni pfitomna pouze u schizofrenie a depresivni
poruchy, ale také u celé fady dalSich neuropsychiatrickych onemocnéni jako jsou demence,
bipolarni afektivni poruchy, poruchy pfijmu potravy, cerebrovaskularni a zachvatovitd
onemocnéni &iturazy hlavy®™. Proto sev poslednich letech dostava do popfedi zajmu

odbornikii riznych specializaci neuropsychologicka rehabilitace kognitivnich funkci.

V pribéhu cCasu se tak zajem odbornikti logicky piesunul z ,,pouhé* deskripce narusenych

kognitivnich domén u jednotlivych neuropsychiatrickych onemocnéni, pies zmapovani zmén
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kognitivniho  deficitu v ¢ase, tedy jeho dynamiky, azposnahu najit vhodné

neuropsychologické nastroje k jeho ovlivnéni.

Studie zamétujici se na tuto problematiku ukazuji, Ze neuropsychologicka rehabilitace mutze
efektivné ovlivnit narusené kognitivni funkce. Nezbytné vSak je, aby siterapeut ujasnil
teoreticky princip, dle kterého pfistoupi ke kognitivnimu deficitu a pak si kladl adekvatni
arealistické cile. Nekdy jde vrehabilitaci oto, Zzeimirné zlepSeni jediné domény
je pro nemocného velkym tspéchem a napf. ocekavani toho, Ze se Kognitivni funkce upravi
uplné¢ na premorbidni urovné muize byt naprosto nerealistické a Vv piistupu k nemocnému
¢lovéku zcela nezadouci. V dnesni dobé¢ existuji i algoritmy, rehabilita¢ni voditka, ve kterych
jsou doporuceni, jak ovlivnit funkci pozornosti, paméti anebo jak vést efektivni trénink
pomoci pocitace. Jako nejefektivnéjsi rehabilitaéni pfistup v praxi se ukazuje byt holisticky
pfistup, ktery se zamétuje na postizeného jako na celek. Co se tyce jednotlivych kognitivnich

funkci, nejlépe lze ovlivnit pozornost.

Prikrylova Kucerova H, Rodriguez M. Moznosti rehabilitace kognitivnich funkci.
Psychiatry News. 2012; 1(2): 14 — 18.

Autorsky podil: 50 %
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Moznosti rehabilitace
kognitivnich funkci

Hana Prikrylova Kucerova, Mabel Rodriguez

Psychiatricka klinika LF MU

Kromé takto ziskanych poruch se s kognitivnimi

deficity setkdvime u mnoha dal$ich neuropsychia-
trickych onemocnéni: primarnich kognitivnich po-
ruch, neurodegenerativnich onemocnéni, jakymi
jsou napi. demence Alzheimerova typu, demen-
ce vaskularni etiologie, jinych demenci (Pickova,
Creutzfeld-Jakobova, Huntingtonova nebo Parkin-
sonova choroba, HIV infekce a jiné), u vyvojovych
poruch, jakymi jsou napiiklad poruchy uceni, auti-
smus, ale také u psychiatrickych onemocnéni jako
schizofrenie, deprese, bipolarni afektivni porucha,
schizoafektivni porucha a v neposledni fadé i u béz-
ného procesu starnuti.

Navzdory pokroku v oblasti farmakoterapie kogni-
tivnich dysfunkci (napf. kognitiva typu inhibito-
ru acetylcholinesterazy, nootropika, antipsychotika
druhé¢ generace) je vlastni klinicky piinos medikace
mnohdy malo vyrazny, a proto je zapotiebi dalSich
terapeutickych intervenci. Jednou z nejefektivnéj-
Sich strategii je rehabilitace kognitivnich funkci,
kterd nachdzi své uplatnéni u viech podskupin po-
stizenych, at uz u lidi po traumatu ¢i nemocnych
se zakladnim neuropsychiatrickym onemocnénim.
Podle piistupu lze hovorit bud o ,kognitivni reme-

diaci, kterd se pokousi pomoci opakovaného nécviku a osvojovini
si kompenzacnich strategii posilovat specifické funkee, nebo o ,ko-
gnitivni adaptaci, kterd pomdhd nemocnym piekonat jejich deficit
modifikaci prostredi (Kurtz 2003).

Vymezeni pojmii v neuropsychologické rehabilitaci

Podle Svétové zdravotnické organizace se pod pojmem rehabilitace
v §ir§im slova smyslu skryva cil znovu dovést pacienta na nejvyssi
moznou uroven, pokud jde o fungovéni fyzické, psychické a soci-
alni. Rehabilitace obecné zahrnuje vsechny dostupné prostiedky
potiebné k redukei vlivu zneschopijicich podminek a umoznujici
postizenym lidem dosdhnout optimalni rovné socialni integrace
(WHO, 2003).

Casto se v literatuie vedou spory o tom, zda nase price s pacien-
tem se déd nazvat rehabilitaci, nebo zda jde o remediaci. Pojmy re-
mediace a rehabilitace rozlisuji Spaulding, et al. (1998). Remediace
nastupuje poté, co se rozvinou nové dovednosti, které nahradi nebo
kompenzuji ztracené nebo poskozené procesy, které jsou terapii na-
pravovany. Ke zlepseni dochazi diky facilitaci a spontdnnimu pro-
cesu, tyto zmény by mély byt trvalého charakteru. Pfi remediaci se
uplatnuji kognitivni tréninkové a opakované tréninkové programy.
Rehabilitaci se rozumi minimélni Grovein podpory pro pacienty
s cilem dosdhnout nejvyssi urovné sobéstacnosti v kazdodennim
zivoté. Rehabilitace muze probihat pod supervizi a snazi se o re-
adaptaci ¢lovéka do spole¢nosti vytvarenim smysluplné aktivity. Ci-
lem rehabilitace neni tedy vylécit, ale poskytovat podporu, zamérit
se vice na silné stranky, zatimco remediace se snazi posilit i ty slabé.

Kognitivni a neuropsychologicka rehabilitace jsou pojmy, které se
casto pouzivaji jako synonyma. Jde o intervenci, pii které pacient
a jeho rodina spolupracuji s odborniky na obnoveni nebo kom-
penzaci kognitivnich deficita s cilem zlepsit pacientovu kazdoden-
ni vykonnost. Vlastni neuropsychologickd rehabilitace je souéasti
celkové rehabilitace pacienta s kognitivnim deficitem a jedna se
o multidisciplinarni zalezitost. Spolupracuji pfi ni odbornici z raz-
nych oblasti: neurologie, psychiatrie, psychologie a neuropsycholo-
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gie, fyzioterapie, logopedie, socidlni price, pracovni terapie a ose-
tfovatelstvi. Zaméfuje se na prostfedi mimo nemocnici, zejména

na rodinu. Dulezitou soucdasti neuropsychologické rehabilitace by
meéla byt i psychoterapie v¢. rodinné psychoterapie. Pro nemocné
s emociondlnimi a behaviordlnimi obtizemi jsou velice pfinosné né-
které techniky kognitivné-behavioralni terapie (KBT), zejména po-
kud se u nich vyskytuji priznaky depresivni, izkostné nebo znamky
posttraumatické poruchy. KBT je také vhodna pro kontrolu emoci,
progresivni relaxaci, pii feSeni sexudlnich a manzelskych problé-
mu, zvladani bolesti (Carpenter, Tyerman, 1999).

Neuropsychologicka rehabilitace je terapeuticka intervence, ktera
spliiuje obdobné obecnd kritéria jako psychoterapie, farmakotera-

pie a jine lé¢ebné pristupy a to tim, ze:

opira se o teoreticko-metodologicky ramec

prihlizi k individualnim pozadavkim nemocného

ma urcitou pravidelnost a pretrvavajici efekt

je efektivni zejména v praktickém zZivoté (tzv. efekt generalizace)

Prakticka doporuceni pro provadéni

neuropsychologicke rehabilitace

Kognitivni deficit je povazovan za dulezitou patologickou dimen-
zi majici vliv i na funkéni vysledné stavy onemocnéni, jakymi jsou
zafazeni do komunity, feSeni socidlnich problému a ziskavani psy-
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chosocidlnich dovednosti (Rodriguez, et al. 2002).
Na pocatku kazdé rehabilitace stale zustava podrob-
né neuropsychologické vySetieni, které je nejen kli-
&ové pro cilené planovani rehabilita¢nich postupi,
ale slouzi i pro informaci a edukaci pacienta a jecho
rodiny. Pomaha také pii hledani novych pomiicek
usnadnujicich kazdodenni Zivot pacienta. Souédsti
neuropsychologického vysetfeni pro téely rehabili-
tace by mélo byt i klinickopsychologické vysetieni
(zaméfené na osobnost, emoce, aktualni psychopa-
tologii).

Podle vétsiny autortt musi kognitivni rehabilitace
splnovat ur¢itd kritéria, bez kterych se nelze obejit
(Mateer, 2003; Chirivella, 2001; Wykes, 2000; Dia-
mant a Vasina, 1998). Tato kritéria maji univerzalni
platnost bez ohledu na etiologii kognitivniho defi-
citu. Zakladem je teoreticko-metodologicky model
opirajici se 0 metody a pristupy, bez n¢hoz nelze re-
habilitaci vibec zahdjit (viz nize). Principy lze shr-
nout nasledovné:

Kdy zacit. Kertesz (1993) rozdéluje podle druhu po-
skozeni dvé etapy uzdraveni. Prvni etapa je spojena
se spontannim zotavenim se z akutnich nasledka
onemocnéni. Prvni dny a tydny byvaji kritickymi
momenty pro regeneraci, kdy parcidlné poskozené
neurony, axony a nervova zakonéeni znovu nars-
taji a obnovuji drivéjsi spojeni. Délka tohoto obdobi
zalezi predev$im na charakteru poskozeni a véku
pacienta. Druha faze se tyka obdobi zotaveni ko-
gnitivnich funkci. Toto obdobi trva mésice i fadu
let od poskozeni. Kognitivni rehabilitace, prede-
vsim trénink, by méla zacit pravé v této druhé etapé.
V prvni etapé je na misté zejména biologicka lé¢ba,
nékdy i fyzioterapeutickd a zikladni smyslova sti-
mulace.

Individualizace. Podle druhu poskozeni a indi-
viduélnich faktoru se deficit projevuje ruzné, také
progrese onemocnéni byva variabilni. Proto by-
chom se pfi planovani rehabilitacnich a tréninko-
vych postupti méli zamyslet nad charakterem a pri-
béhem onemocnéni, piihlédnout k véku pacienta,
jeho socidlnim podminkam a pozadavkiim na reha-
bilitaci ze strany nemocného a jeho rodiny.

Spoluprace. Dopad nemoci se netyka jen pacienta,
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ale i jeho rodiny. Bez jejich za¢lenéni do rehabilita-
ce a naslouchdni jejich potfebdm bude nase prace
nekomplexni.

Postizeni vs. deficit a poskozeni. Rehabilitace ma
mit za cil zlepsit postizeni, trénink se snazi zmirnit
deficit. Neuropsychologickd rehabilitace ovliviiuje
primo poskozeni, nejde tedy o to, aby se poskozeni
Ié¢ilo, ale aby se zmirnilo.

Cil a plan. Tyto zdsady vyplyvaji ze spInéni pred-
chozich.

Dynamika a prizptsobeni. Kognitivni rehabili-
tace je dynamicky proces, metody, cile a plany by
se v jejim prubéhu mély prizpusobovat potifebdm
a podminkdm klientu.

Zhodnoceni funkénich a kognitivnich zmén. Ke
sledovani zmén a pokroku nesta¢i neuropsycholo-
gické testy, je nutno pouzit i objektivni a subjektivni

funkéni skaly. Neuropsychologické testy pro evalu-
aci by mély mit ckologickou validitu.

Osobnost a jeji dynamika. Nutno poéitat s tim, ze
nemocny se vyrovndva se zménami v sobé samém
a ve svém okoli. Ndaroky na adaptaci jsou vysoké
a neobejdou se bez urcité odezvy.

Dalsimi faktory, které ovliviiuji dc¢innost

rehabilitace, jsou:

Pacientiiv vék. VEtsi sanci na zlep$eni narusenych
mozkovych funkci ma pacient spiSe mladsi.

Premorbidni intelektova droven (IQ). Mnoho vy-
zkumnych studii prokazalo, ze vy3§i premorbidni
IQ (nejcastéji odhadovano z dosazencho vzdélani)

dava vétsi sanci k naprave.

Celkové zdravi a integrita mozku. Nejen, Ze $pat-
ny zdravotni stav zhorsuje vysledky rehabilitace,
ale ta nékdy ani nemuze byt ze zdravotnich duvodu
zahdjena. Také schopnost raznych testii predikovat
dalsi stav pacienta zévisi na mnoha okolnostech.
Ukazuje se, ze relativné lépe lokalizované poskoze-
ni mozku podléha snadnéji rehabilitaci. Dulezité je,

aby se brzy po cévni mozkové prihodg¢, ¢i jiném poskozeni mozku,
navratily zdkladni dovednosti, na kterych pak muze rehabilitace
stavét. Pro dobrou prognézu je nutné, aby byla Sance, Ze nékteré
intaktni ¢asti mozku prevezmou ztracené funkce.

Socialni prostredi. Ackoliv je proces rehabilitace zélezitosti dvou
lidi, tedy pacienta a terapeuta, jeji vysledek silné ovliviwji reakce
socidlniho prostiedi, pri¢emz nejdulezitéjsi jsou reakce pacientovy
rodiny. Ta muze poskytovat pacientovi podporu a motivaci, nebo
muze lécbu sabotovat. Soucasti komplexni péce by tedy méla byt
i rodinna terapie, kterd by pomohla rodiné postizeného zbavit se
pociti bezmocnosti a umoznila by ji i nemocnému usnadnit vza-
jemnou interakei. DuleZitou soucasti rehabilitace byvaji také tak
zvané domdci tkoly, se kterymi muazou jednotlivi rodinni prislus-
nici pacientovi pomahat.

Motivace. Pacientova motivace je klicovym faktorem ispésné reha-
bilitace. Motivovéni muze probihat mnoha raznymi zpusoby, zde
jsou zminény jen ty nejzakladnéjsi: pokrok pii rehabilitaci, socidlni
zpétna vazba, vyvoj vztahu mezi pacientem a terapeutem apod.

Emociondlni problémy. Nasledkem poranéni mozku a souvise-
jictho stresu mnohdy byvaji doprovodné poruchy jako napriklad
deprese, agresivni reakce vici osetfujicimu persondlu nebo roding,
zména sebepojeti nebo ztrita iniciativy. Terapie téchto probléma
pak musi byt nezbytnou souédsti rehabilitaéniho programu.

Tlustracni obrizek
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Pristupy, strategie, modely.
Rozsah ¢lanku neumoznuje prinést uplny prehled viech moznych
pristupu, strategii a modeld, proto uvadime jen nékteré.

Restorativni vs. kompenzaéni model
Restorativni model predpoklada zlepseni deficitu uréité funkce po-
moci opakovaného tréninku této funkce (Ben-Yishay a Diller, 1993).

Restorativni model je Gspésny pii kognitivni rehabilitaci po-
zornosti. Stavy pozornosti se vzdjemné ovliviuji s jinymi ko-
gnitivnimi funkcemi a ovliviuji nase kazdodenni efektivni
fungovani. Obecné se véfi, Ze pozornost se da zlepsit cvicenim
a opakovanou praxi (Mateer, 2003). Pacient trénuje napf. s po-
&itaCovym programem, zacind nejdiiv s nacvikem vigilance
a postupné se pridavaji cviceni na zlepSeni funkce stfidavé
pozornosti.

Kompenzaéni model se snazi deficit obejit a pomoci jinych funkci
a technik nalézt a naudit se substitu¢ni strategii a tim vyrovnat defi-
cit (Ben-Yishay a Diller, 1993).

Kompenza¢ni strategie se nejvice uzivaji pri rehabilitaci po-
ruch paméti. Pacient se nauéi ,kompenzovat® svij deficit tim,
ze pouziva hodinky, alarmy, kalendare, zapisniky, kapesni elek-
tronické didre, beeper, aj. Pouziva je napf. k pfipominani ¢asu
medikace, mobilnim telefonem muze terapeut zavolat pacienta
a pfipomenout mu ur¢ity ukol (Mateer, 2003).

Prestoze odpovéd na otazku, co a kdy pouzit, neni jednoznaéna,
nasledujici model Robertsona a Murre (1999) nam muze &astecné
pomoci. Podle tohoto modelu jsou rychlost a mechanismy uzdra-
veni zavislé na velikosti léze, velikosti poskozeni nervovych okruh,
arovni spojeni uvniti: neurondlni sité a na dosavadnich zkusenos-
tech. Tak napfiklad mala léze, ktera jen nepatrné narusila mensi
konektivitu v ramci vétsiho nervového okruhu, se pravdépodobné
obejde bez rehabilitace. Stredni léze narusujici podstatné, ale ne
zcela, spojeni v rdmci nervovych okruht bude mozno rehabilitovat
pomoci restorativnich procest a tézké léze, ktera narusily nervo-
vy okruh, bude tieba rehabilitovat kompenzaénimi procesy, jakymi
jsou substituce (nebo kompenzace) a funkéni reorganizace.

Rehabilitace smérem ,,shora-doli“ nebo ,,zdola-nahoru“

Dal$im problémem rehabilitace je, kterou funkei zaéit. Kulistak
(2003) tento piistup definuje otdzkou: kde zadit? Zacit ,shora“ zna-
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mena zaéit komplexnimi ¢innostmi a tim postih-
nout jednotlivé kognitivni funkce. Dal$i moznosti
je naopak zacit trénink ,zdola“ tim, Ze se zaméfime
na ndcvik jednotlivych kognitivnich funkei - bdé-
losti, pozornosti, vniméni, paméti, fe¢i, mysleni
a feSeni problému a postupné dojdeme ke komplex-
néj$im ¢innostem.

Vétsina rehabilitaénich programit stavi na tzv. mo-
delu ,,zdola-nahoru®. Pokud budeme chapat kon-
cept psychické ¢innosti v ramci modelu zpracova-
véni informaci, tak si rehabilitaci lze predstavit tak,
ze postihujeme nékolik funkei najednou, ale na roz-
dilné drovni.

Pocitacové rehabilitaéni programy
Neuropsychologicka rehabilitace pomoci poéitaca
vznikla na pomoc fadé neurologickych a psychia-
trickych pacientq, u kterych je zjevné poskozeni
psychickych funkei, nebo u kterych je vykonnost
funkéné snizena. Jednd se o typ napravy ,, in vitro®,
u niz se predpokladd, ze zlepseni vykonu ,v labo-
ratofi“ bude mit efekt v celkovém zlepSeni zdra-
votniho stavu.

Neuropsychologické tréninkové programy se po-
uzivaji jednak jako samotny prostiedek zvySovani
vykonnosti (hospitalizovani pacienti), nebo jako
citlivy prostiedek ke sledovéni procesu tzdravy.

Préce spociva v tom, ze pacientovi aplikujeme po-
moci pocitace urcité problémy; v prabéhu vice seze-
ni zvy$ujeme jejich naro¢nost a ocekavame, ze s po-
stupujici uzdravou se bude jeho vykon zlepSovat.
Apriori pfedpokliddme, Ze lepsi vykony v ramci
sezeni jsou spojeny s aktivitou, pozornosti a vykon-
nosti mimo sezeni.

K vyhodam vyuziti pocitacu v rehabilitaci patii
komplexnost, zpétna vazba (kvalitni, znazornéni re-
akénich ¢ast u jednotlivych ukolu, vykon v procen-
tech), schopnost motivace (charakter pocitacovych
her), flexibilita, pfesnost a rozmanitost (netinavnost
a pfesnost pocitate v reagovani na dobré vykony
i chyby pacienta), presnost zpracovani, usnadnéni
préce terapeuta. Mezi nevyhody patii nevhodné po-
uziti (u starsi generace stéle pretrvava strach z po-
¢&itacu a techniky), potize pri zachdzeni s nimi ze
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strany pacienta, generalizace zlepSeni na prakticky
zivot, dril - nepfinasi velky efekt (jako bychom pa-
cienta nutili zapamatovat si dlouhou bésen a &ekali,
Ze se mu tim zlepsi cely komplex paméti.

Neuropsychologické rehabilitaéni pocitacové pro-
gramy - ziejmé nejrozsifenéjsi u nds jsou: Train the
Brain, Rehacom, Rehabit, Cognition, PCC CogRe-
HaB, Neurop, Memorfit.

Virtudlni realita v neurorehabilitaci

Virtuélni realitu chapeme jako vhodny poéitacovy
program, ktery umoznuje uzivateli interakei a pono-
feni se do pocitacem generovaného a simulovaného
prostiedi. Virtudlni realita nabizi moznost vytvorit
testovaci a tréninkové prostiedi, které umoznuje
presné fizeni slozitych podnéta, za nichz lze exakt-
né zhodnotit jak vykon ¢lovéka, tak i cilené rehabi-
litovat nejjednodussi motorické akty i nejslozitéjsi
kognitivni funkce. Programy rehabilitace ve virtu-
alni realité sméfuji ke viem zakladnim psychickym
funkcim. Prvni pokusy s uzitim virtudlni reality maji
kolegové v rehabilita¢nim tstavu Slapy nad Vltavou.

Zavérem lze fici, Ze neuropsychologickd, neboli ko-
gnitivni rehabilitace, md ¢im dal tim vétsi misto
v moderni neuropsychologii. Tlak zafadit postize-
ného ¢lovéka znovu do spolecnosti a pracovniho
procesu nepfichdzi jen od okolni spole¢nosti, ale
predevsim od samotného postizené¢ho a jeho bliz-
kych. Studie ukazuji, Ze neuropsychologicka reha-
bilitace muze efektivné ovlivnit kognitivni deficit.
K ziskdni dobrych vysledku v rehabilitaci je viak
tfeba, aby si terapeut ujasnil teoreticky princip,
podle kterého pristoupi ke kognitivnimu deficitu,
a pak si pri rehabilitaci musi klast realistické cile.
Za timto téelem jsou dnes publikovany i rehabili-
ta¢ni voditka, ve kterych se napriklad doporucuje,
jak ovlivnit funkci pozornosti, paméti, nebo jak vést
efektivni trénink pomoci pocitace. Nejefektivnéjsi
prakticky rehabilitacni pristup se zda byt holistic-
ky pristup, ktery se zaméfuje na postizené¢ho jako
na celek. Pokud jde o funkce, ukazuje se, Ze nejlépe
Ize ovlivnit funkce pozornosti. Pro celkovou reha-
bilitaci, zvlasté pro pocitacovou, se predevsim do-
porucuje aby pristup terapeuta byl aktivni, aby se
rehabilitace nestala pouhym drilem, ale aby se pii
ni postizeni nauéili strategie feseni uloh, aby reha-

bilitace motivovala i tim, Ze se programuje podle individudlnich po-
treb. Dulezité také je, aby se rehabilitovani odnauéili nékteré vzor-
ce chovani, které vznikly jako kompenzaéni mechanismus. Teprve
po odnauceni téchto vzorci je mozné zadit s efektivni intervenci.

Diky neuropsychologické rehabilitaci maze mit terapeut pocit, ze
jeho prace je komplexni a muze vidét jeji praktické vysledky. K to-
mu, aby rchabilitace byla skute¢né efektivni, je zapotiebi dodrzet
dva zdkladni principy: individualizaci a generalizaci. N&§ piistup
by mél vzdy prihlizet ke konkrétnim potrebam kazdého pacienta,
charakteru jeho kognitivniho postizeni, osobnostnim charakteristi-
kam, potifebdm, moznostem a $irSimu socialnimu kontextu. Reha-
bilitace se nemize omezovat jenom na laboratorni prostredi, vzdy
musime uvazovat o praktické aplikovatelnosti nabytych dovednosti
v realnych podminkéch.

V Ceské republice zdjem o neuropsychologickou rehabilitaci roste
amérné s vétsi informovanosti o nejnovéjsich trendech v kognitivni
rehabilitaci a rostoucimi pozadavky ze strany postizenych a jejich
blizkych. Patrné je také rozsireni spektra rehabilitovanych, uz se
nejedna pouze o neurologické pacienty s traumatem mozku nebo
po mozkové pithodé, ale i 0 nemocné s dal$imi neuropsychiatricky-
mi poruchami, jakymi jsou schizofrenie, deprese, bipolarni afektiv-
ni porucha, schizoafektivni porucha atd.

PhDr. Hana Pfikrylova Kucerova, Ph.D.,
PhDr. Mabel Rodriguez Ph.D.

Literatura je k dispozici u autorky ¢lénku.

Psychiatry News s Roénik 1 Cislo2 / Zari2012

Zavérem této kapitoly lze konstatovat, ze ve vyzkumu jsme se posunuli od ,,pouhé* deskripce
kognitivniho naruseni k hledani moznosti, jak ho prakticky ovlivnit. V bézné klinické praxi
je v8ak kvalitni neuropsychologicka rehabilitace, dostupna pro bézné psychiatrické pacienty,
zatim ,.hudbou budoucnosti“ a pfitom ma velky potencidl umoznit a ulehcit psychiatricky

nemocnym navrat do bézného kazdodenniho Zivota.
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6 Repetitivni transkranialni magneticka stimulace (rTMS)

Repetitivni transkranialni magneticka stimulace (rTMS) pfedstavovala na zacatku 21. stoleti
relativné novou 1é¢ebnou metodu, ktera byla v psychiatrii pouzivana nejprve zejména v 1€cbé
depresivni poruchy, dale k 1é¢bé dalsich psychickych poruch ajejich specifickych ptiznaki
véetné negativnich piiznakt i kognitivniho deficitu u schizofrenie. Jeji velky pfinos spoc¢iva
vtom, ze jeschopna piimo, ale i prostiednictvim transsynaptického pfenosu nepiimo,
modulovat neuronovou aktivitu korovych mozkovych oblasti aneuronalnich okruht*’.
Dale je rTMS také pouzivana v neurofyziologickém vyzkumu, kde se uplatiiuje pii méteni

nejruznéjsSich kortikalnich ukazateld.

6.1 Stru¢na historie a popis rTMS

Ackoliv  pouziti magnetického pole Vv mediciné ma dlouhou historii  a princip
elektromagnetické indukce byl objeven Faradayem jizroku 1832, trvalo jesté dlouho,
nez byla sestavena repetitivni transkranialni magneticka stimulace (rTMS). Na zacatku
20. stoleti sice patentovali vidensti psychiatii Adrian Pollacsek a Berthold Beer 1é¢bu deprese
aneurdz pristrojem vyuzivajicim elektromagnetického pole, ktery vypadal piekvapive
podobn& modernimu TMS zafizeni*, moderni aplikace rTMS (jeZ pracuje pravé na principu
elektromagnetické indukce) je vSak relativné novou zaleZitosti rozvijejici Sse zhruba

od poloviny osmdesatych let dvacatého stoleti.
Autorem prvniho moderniho TMS pfistroje byl Anthony T. Barker.

Repetitivni transkranialni magneticka stimulace (rTMS) je 1éCebna metoda, pfi které
je elektricka aktivita mozku ovliviiovana plsobenim pulzniho magnetického pole 0 sile
1,5-2 Tesla. Byva aplikovana nékolikrat, opakovang, odtud tedy nazev repetitivni. Jedna
se 0 metodu neinvazivni, nevyzadujici zadnou anestezii. Nestaciondrni magnetické pole
prochazi pres lebku a bezbolestné indukuje elektricky potencial v mozkové kufe. Indukované
pole jenejvyssi Vv blizkosti civky aovliviiuje mozkovou aktivitu do vzdalenosti
1,5az 2 centimetrd. Sekundarni proud je zhruba stotisickrat slab$i nez primarni proud

P 4
V c1vece 9.

ITMS muzeme oznacit za ,.elektrickou stimulaci bez elektrod“*®. Uéinky rTMS
nejsou totiz ptimym vysledkem plsobeni magnetického pole, ale jsou zpisobeny vyvolanym
sekundarnim elektrickym proudem. Po rTMS dochazi k aktivaci neuronti, K hormonalnim,

metabolickym a hemodynamickym zménam.
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Tvar indukovaného elektrického pole zavisi na tvaru civky, na jejim umisténi a orientaci vuci
tkanim a také na elektrické¢ vodivosti tkdni. Proud indukovany v mozku protékd paralelné
s rovinou civky, pfiblizn¢ paraleln¢ s rovinou mozku, nebot’ civka se umistuje tangencialné

k povrchu lebky.

Soucasné stimulatory jsou schopny vytvofit ne pouze jeden pulz, ale celou sérii (train)
magnetickych pulzi. Magnetické pulzy mohou byt aplikovany jednotlivé, nebo v parech
s nékolika milisekundovou pauzou mezi nimi (tzv. parova stimulace), anebo opakované
v sekvenci (train) trvajici sekundy az minuty (tzv. repetitivni transkranialni magneticka
stimulace, rTMS). Prvni dvé se pouzivaji predevsim pro vyzkumné a diagnostické tucely,

rTMS se vyuziva zejména v 168bé& nékterych neuropsychiatrickych poruch®.

Pivodné byly rTMS pfistroje pouze nizkofrekvencni (< 1 Hz) — (slow nebo low frequency
rTMS). Az pozd&ji vznikly vysokofrekvenéni ptistroje (rapid nebo high frequency rTMS),
schopné vytvaret pulzy o frekvenci 20 Hz i vice —uvadi se az 50 Hz (o0 vysokofrekven¢ni
rTMS hovotime pii frekvenci > 1Hz, tzn. ke stimulaci dochazi ¢astéji nez jednou

za sekundu)®.

6.2 Praktické provedeni rTMS

Praktické provedeni spociva V pfilozeni elektromagnetické civky Vv plastovém pouzdie
na povrch hlavy (viz obr. 1). Vedle vlastni aplikace — spusténi a nastaveni pfistroje — musi
pfedchézet stanoveni motorického prahu (motoric treshold) azameétfeni mista aplikace.
Motoricky prah je definovan jako nejnizsi intenzita stimulace, ktera Vv ptipadé jeji aplikace
na motoricky kortex vyvola kontrakci svalu (nejéastéji drobného svalu ruky, napt. musculus
abductor pollicis brevis) alespon V péti z deseti po sobé nasledujicich pokusech51. NejcCastéji
uzivana intenzita stimulace Se vétSinou pohybuje mezi 80 a 120% individualniho klidového
motorického prahu. K dal§im parametrim stimulace patii délka série pulzi (train) a také délka
pauzy mezi nimi (intertrain), celkovy pocet pulzii béhem jednoho sezeni (session), celkovy
pocet jednotlivych sezeni, lokalizace stimula¢ni civky, jeji typ (nejCastéji se pii rTMS pouziva
tzv. osmickova civka — figure-of-eight; dale existuji civky ovalné, konické apod.) ajeji

orientace vii¢i hlave® .
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Obr. 1: Praktické provedeni rTMS (http://pni.unibe.ch/artword/Brainweek.qgif)

6.3 Indikace rTMS zejména v psychiatrii

Utinky rTMS se vyuzivaji zejména pfilécbé neurologickych onemocnéni jako

je Parkinsonova choroba>**

a Huntingtonova chorea. Obecné je mozno pomoci rTMS
ovlivnit mnoho mozkovych funkci jako je pohyb, zrakova percepce, pamét’, reakéni Cas, fe¢
analadu. rTMS se také pouziva Kk mapovani motorického kortexu, pro zjistovani lokalizace
funkci, smyslovych oblasti a korové excitability. V zavislosti na parametrech rTMS mohou
repetitivni magnetické stimuly bud’ zvysit nebo snizit excitabilitu dané mozkové oblasti.
Vyhodou rTMS je moznost ménit frekvenci stimulace — nizka frekvence zpusobuje inhibici
stimulovanych oblasti, naopak vysokofrekven¢ni stimulace aktivuje. Od tohoto faktu se tedy

rrrrr

55,56,57,58

V psychiatrii se rTMS uplatiiuje zejména u 1é¢by deprese , Ukteré je povazovana

za ucinnou a dostupnou, pievazné adjuvantni 1écbu.

U jinych psychickych onemocnéni, jako je napft. schizofrenie se rTMS pouziva zatim spiSe
experimentalné a to k 16Cbé negativnich ptiznaki schizofrenie (vysokofrekvencéni rTMS)

& rezistentnich sluchovych halucinaci (nizkofrekvenéni rTMS)>*.

K dal$im experimentalnim indikacim rTMS patii 1écba manie (vysokofrekvenéni stimulace
pravého  prefrontalniho kortexu®, dale lécba  obsedantné kompulzivni  poruchy
OCDP6364658687 v/ o dborné literatufe dale nalézame snahy 0 vyuziti rTMS v 16¢bé dalSich
psychickych poruch, jako je posttraumatické stresova porucha®®, panicka porucha a poruchy

piijmu potravy, zejména mentélni bulimie®.
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6.4 Kontraindikace rTMS

Repetitivni transkranialni magneticka stimulace se fadi k pacienty velmi dobie tolerovanym
a relativné bezpednym lé¢ebnym a diagnostickym metodam v psychiatrii’®. | pfesto ma uréité
omezeni. K absolutnim kontraindikacim patfi: kovové predméty Vv kraniu, zavedeny
kardiostimulator, implantovand Iékova pumpa, zvySeny intrakranidlni tlak, anamnéza
epilepsie, elektroencefalografické abnormity zvysujici zachvatovou pohotovost, uzivani 1ékt
snizujicich zachvatovy prah. Mezi relativni kontraindikace se fadi détsky vk, téhotenstvi,
zavislost na psychoaktivnich latkach, diagnozy, u kterych se neprokazal dostatecny ucinek,
napf. tézka depresivni porucha S psychotickymi ptiznaky (rTMS se zde prokazala jako méné

ucinna nez elektrokonvulzivni terapie, ECT).

Mezi dalsi nezadouci u¢inky rTMS se dle odborné literatury da zatradit mirna bolest v misté
stimulace, ktera sevyskytuje asi u10-30% pacientli, Ob¢as Se mohou objevit mirné
aprechodné bolesti hlavy velmi dobfe reagujici nab&zn& dostupnd analgetika'"%™,

V odborné literatute bylo také u par pacientli popsano piechodné zvyseni sluchového prahu’.

Psychické nezadouci t€inky rTMS jsou popisovany jako velmi vzacné. Byl popsan presmyk
do ménie u nékolika pacientli s bipolarni afektivni poruchou, kde rTMS byla aplikovana
v 1écbé depresivni epizody aV jednom piipadé seuvadi rozvoj psychotickych ptiznak
po aplikaci rTMS™>".

24

bez predispozic k zachvatovému onemocnéni. Dle Tucka je vSak toto riziko velmi nizké,
vyskyt se udava okolo jednoho piipadu U tisice ¢i méng. Na celém svéte bylo popsano zhruba
deset ptipadd takového vyskytu epileptického zachvatu. Takovy zachvat se objevuje pfimo
béhem aplikace rTMS nebo velmi kratce po ni av zadném piipadé po ném nehrozi riziko

rozvoje epilepsie’.
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7 Repetitivni transkranialni magneticka stimulace (rTMS) u schizofrenie

7.1 Ovlivnéni negativnich priznaku schizofrenie pomoci rTMS

Neurozobrazovaci studie ukazuji na spojitost mezi hypofrontalitou a negativnimi ptiznaky
a kognitivnim deficitem u schizofrenie’’. TaktéZ je u schizofrenie opakovan& popisovana
naruend dopaminergni neurotransmise’®. Ackoli specificky Gginek rTMS na neurotransmisi
neni zcela znamy, bylo opakované prokazano, ze rTMS o vysoké frekvenci (10-20HZz)
zvySuje mozkovou excitabilitu, zatimco nizkofrekvenéni rTMS (1 Hz) ji snizuje. Bylo
také prokazano, ze vysokofrekven¢éni rTMS aplikovana nad levym prefrontalnim kortexem
zvySuje mozkovou perflizi a potazmo i metabolismus této oblasti, zatimco nizkofrekvenéni

I'TMS ma efekt zcela opaén}'/79.

Animalni i humanni studie prokazaly, Ze vysokofrekvenéni rTMS aplikovana nad oblasti
levého prefrontalniho kortexu (PFC) moduluje uvolnéni dopaminu V mezolimbickém
a mezostriatdlnim systému mozku. Mnoho studii také nalezlo prefrontalni hypoaktivitu jako
znamku snizeného metabolismu U pacientli S negativnimi pfiznaky schizofrenie. Pozitivni vliv
rTMS nanegativni pfiznaky schizofrenie je proto spatfovan ve schopnosti restituce
prefrontalniho hypometabolismu modulaci perfuze, mozkového metabolismu a neuronalni

excitability™.

Do roku 2011 bylo provedeno 17 studii, které ovéfovaly u¢innost rTMS na negativni
pfiznaky schizofrenie a dvé metaanalyzyso. Jak ve svém piehledovém ¢lanku shrnuje Prikryl,
farmakoterapie negativnich pfiznakdi dosdhla pravdépodobné vV této oblasti svého limitu,
rTMS®. Vétsina provedenych studii dospéla k zavéru, e rTMS je G&inna metoda v 16&b&
negativnich pfiznakli schizofrenie. Problémem provadénych studii zlstdva nizky pocet
zafazenych pacientl, riznorody profil negativnich ptiznaki, rozliSné stimulacni parametry
¢i neptitomnost delSiho sledovani ptetrvavani efektu stimulace u vétSiny studii. Z metaanalyz
dokonce vyplyva, ze G¢innost rTMS na negativni pfiznaky schizofrenie je vyssi, nez je tomu
u soucasnych antipsychotik. Vyhodu rTMS ve srovnani s antipsychotiky lze také spatfovat

ve vyskytu nezadoucich u&inki, jejich vyskyt je obecnd u rTMS nizky®°.

Z novgjsich studii miizeme zminit napt. studii W. X. Quana a kolegi, ktefi potvrdili G¢innost
vysokofrekvencni rTMS aplikované nad dorzolateralnim prefrontalnim kortexem (DLPFC)

na negativni piiznaky schizofrenie. Sesti tydenni 1é¢ba pomoci rTMS vedla k signifikantnimu
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ustupu negativni schizofrenni psychopatologie Vv aktivni skupin€ oproti placebové skupiné

a tento efekt pietrvaval po dobu dalsich 24 tydnt®’.

Studie Wobrocka, ktera zahrnovala 175 zkoumanych osob, zjistila, Ze 1é¢ba vysokofrekvenéni
rTMS aplikovanou nad levy DLPFC byla velmi dobie tolerovana, ale nebyl potvrzen
statisticky vyznamny rozdil ve zlepSeni negativni schizofrenni symptomatologie mezi
skupinou lécenou aktivni rTMS oproti skupiné s placebovou rTMS, stejné tak tomu bylo
u depresivnich symptoma a kognitivnich funkci, kde nebyly nalezeny zadné vyznamné
rozdily mezi obéma skupinami (aktivni versus sham stimulace). Tyto vysledky jsou rozdilné

od vysledki prezentovanych v difve publikovanych tfech metaanalyzach®.

Z nov¢jsich metaanalyz muzeme uvést metaanalyzu Shiho a spolupracovniki, ktera provedla
analyzu prospektivnich studii zamé&fujicich se na terapeutickou aplikaci rTMS na negativni
symptomy schizofrenie a sledovala efekt, jak nizkofrekvencni, tak i vysokofrekvenéni rTMS.
Vysledky této metaanalyzy navrhuji rTMS jako efektivni zpisob 1é¢by negativni
symptomatologie u schizofrenie. Jako proménné ovlivijici velikost pozitivniho efektu rTMS
uvadéji autofi délku trvani nemoci, frekvenci stimulace, umisténi stimula¢ni civky a intenzitu

samotné stimulace®®.

Nas tym ptispél k vyzkumu vlivu rTMS na negativni ptiznaky studii, jejimz cilem bylo zjistit,
zda vysokofrekvenéni stimulace levého DLPFC u pacienti stabilizovanych na antipsychotické
medikaci povede ke snizeni zavaznosti negativnich pfiznaki schizofrenie. Ukazalo se,
Ze augmentace antipsychotik vysokofrekven¢ni stimulaci levého DLPFC (kombinace vysoké
frekvence, maximalni intenzity stimulace, dostateny pocet stimula¢nich sezeni-15) vedla

ke statisticky signifikantnimu poklesu negativni schizofrenni symptomatologie.

Prikryl R, Ustohal L, Kasparek T, Kuéerova H, Skotdkova S, Ceskova E. Augmentace
antipsychotik repetitivni transkranialni magnetickou stimulaci vede K ustupu negativnich

ptiznaku schizofrenie. Ceska Slov Psychiatr. 2007; 103 (2): 80-84.

Prikryl R, Ustohal L, Prikrylova Kucerova H, etal. A detailed analysis of the effect
of repetitive transcranial magnetic stimulation on negative symptoms of schizophrenia:
A double-blind trial. Schizophr Res. 2013; 149 (1-3): 167-173. 1F=4,453
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Augmentace antipsychotik repetitivni
transkranialni magnetickou stimulaci vede
k astupu negativnich priznaku schizofrenie

Piikryl R., Ustohal L., Kasparek T., Kuéerova H., Skotakova S., Ceskova E.

Psychiatricka klinika LF MU a FN Brno,
piednostka prof. MUDr. E. Cegkova, CSc.

SOUHRN

Cilem prace bylo ovéfit, zda augmentace antipsychotik vysokofrekvenéni stimulaci levého prefrontalniko korte-
xu o celkovém poétu 15 stimulaénich sekei bude iéinna ve snizeni zavaznosti negativnich ptiznaku schizofrenie
v podminkach oteviené studie. Do studie bylo zatazeno 12 pacientu se schizofrenii s vyraznou negativni symp-
tomatologii, kteii byli dlouhodobé stabilizovani na antipsychotické medikaci. Stimulaé¢ni 1é¢ba rTMS byla prova-
déna kazdy pracovni den, tedy 5krat tvdné, do celkového poétu 15 procedur. Vlastni vykon rTMS byl definovan
lokalizaci aplikace (levy dorzolateralni prefrontalni kortex), intenzitou magnetické stimulace v % MP (110 %
MP), frekvenci stimulace (10Hz), trvanim série pulza (10 sec.), intervaly mezi sekvencemi (30 sec.) a celkovym
poétem aplikovanych stimula (1500). Béhem stimulaéni 1é¢by rTMS doslo ke sniZeni zavaznosti negativnich schi-
zofrennich ptiznakua, coz je vyjadfeno statisticky vyznamnym poklesem medianovych skori negativni subskaly
PANSS (0 32 %) a SANS (o0 59 %). Kombinace vysoké frekvence (min. 10Hz), maximalni intenzity stimulace (tj.
110 % motorického prahu) a dostateény pocet stimula¢nich sezeni (15 min.) jsou faktory, které uréuji aé¢innost
rTMS v této indikaci. Augmentace antipsychotik vysokofrekvenéni stimulaci levého prefrontalniho kortexu o cel-
kovém poétu 15 stimulaénich sekei byla ué¢inna ve sniZeni zavaznosti negativnich pfiznaki u pacienti se schi-
zofrenii.

Kliéova slova: 1é¢ba, negativni piiznaky, rTMS, schizofrenie.

SUMMARY

Pi#ikryl R., Ustohal L., Kasparek T., Kué¢erova H., Skotakova S., Ceskova E.: Augmentati-
on of Antipsychotics by Repetitive Transcranial Magnetic Stimulation Leads to a Remis-
sion of Negative Symptoms of Schizophrenia

The objective of the study was to verify whether augmentation of antipsychotics by high-frequency stimulation
of the left prefrontal cortex involving the total of 15 stimulation sessions would prove efficient in reducing the
seriousness of negative symptoms of schizophrenia in an open-trial design. The study included 12 patients with
schizophrenia characterized by marked negative symptomatology who had been stabilized on antipsychotic
medication for a long time. rTMS stimulation was applied every working day, i.e. 5 times a week, up to the total
of 15 treatment sessions. rTMS application was defined by application site (left dorsolateral prefrontal cortex),
intensity of magnetic stimulation in % of MT (110% of MT), stimulation frequency (10 Hz), pulse series durati-
on (10 sec), intervals between sequences (30 sec) and the total of stimuli applied (1500). The rTMS stimulation
therapy succeeded in reducing the seriousness of negative svmptoms of schizophrenia, which was reflected in
a significant reduction of the median scores of the subscales for negative symptoms of PANSS (by 32%) and
SANS (by 59%). The combination of a high frequency (10 Hz), maximum stimulation intensity (i.e. 110% of MT)
and a sufficient number of stimulation sessions (at least 15) is what makes rTMS efficient in this indication. Aug-
mentation of antipsychotics by high-frequency stimulation of the left prefrontal cortex consisting in 15 stimula-
tion sessions reduced the seriousness of negative symptoms in schizophrenic patients.

Key words: treatment, negative symptoms, rTMS, schizophrenia.
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1.

. ti pozitivnim pFiznakim v mnohem vétsi mire
UvOD ovliviiuji socidlni i pracovni zafazeni pacienti,

— - - vcetné jejich celkové kvality zivota. Oplostéla emo-
Pozitivni psychotické piiznaky jsou u schizofre-  tivita, ochuzeni Fe¢i, anhedonie, nedostatek viile ¢i

nie‘ sqadnéji rozpoznatelné a r}ésledné i létebné  psychomotorické zpomaleni vyrazné postihuji
ovlivnitelné nez p¥iznaky negativni. Ty vSak opro-  pacientovy schopnosti, i kdyZ pozitivni piiznaky
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schizofrenie jiz vymizely. Vétsi zavaznost negativ-
nich priznaku v za¢atku onemocnéni také souvisi
s nepftiznivym prubéhem schizofrenie. I kdyz
ovlivnéni negativnich pFiznakti pomoci antipsy-
chotik druhé generace je vyznamnéjsi nez u prvni
generace, presto je povazovano z klinického hledis-
ka za neuspokojivé. Nedostateéné tucinna lécbha
negativnich ptiznakt schizofrenie je v soucasnosti
povazovana za jeden z nejvétsich problému lééby
schizofrenie [11].

Zobrazovaci metody v souladu s postmortem
studiemi prokazuji u schizofrenie funkéni i struk-
turalni abnormity zejména v mozkovych oblastech
frontalniho a vnitiniho temporalniho laloku. Vza-
jemné neuronalni spoje, zprostfredkované hlavné
dopaminem, glutamatem ¢i gamaaminoméaselnou
kyselinou, mezi korovymi (zejména frontalni lalok,
predni cingulum a temporalni lalok) a podkorovy-
mi oblastmi (talamus, bazalni ganglia, hipokam-
pus, amygdala aj.) jsou narusené a nefunkeni.
Funkéni zobrazovaci techniky umoziuji identifi-
kovat narusené neuronalni okruhy spojené s urci-
tym endofenotypem schizofrenie. Negativni pti-
znaky schizofrenie jsou spojeny se sniZenou
neuronalni aktivitou kary frontalnich a temporal-
nich lalokt. Hypometabolismus mozec¢ku se potom
pravdépodobné spolupodili na nizsi aktivité neuro-
nalnich drah mezi mozeckem, talamem a frontal-
nim lalokem. NaruSené neuronélni okruhy mohou
byt disledkem ¢i kompenzaci naruseného frontal-
niho laloku. Pro patofyziologicky podklad negativ-
nich priznaka schizofrenie se zda byt klicové
zejména naruseni okruhtt mezi mozkovou kirou,
talamem a mozeCkem a spoji mezi limbickym
systémem a frontalnim lalokem [14].

Repetitivni transkranialni magneticka stimula-
ce (rTMS) predstavuje moznost pfimé, ale i pro-
stfednictvim transsynaptického pienosu nepiimé
modulace neuronové aktivity zejména korovych
mozkovych oblasti a ptislusnych neuronalnich
okruhu. Pouziti rTMS v 1é¢bé negativnich priznakt
schizofrenie je zalozeno na dvou teoretickych
zakladech. Vysokofrekvenéni rTMS aplikovana nad
frontalnimi oblastmi mozku nejen zvysuje jejich
metabolismus, ale navic i uvoliiuje endogenni
dopamin v ipsilateralnim nucleu caudatu. Uéinek
rTMS na negativni piiznaky schizofrenie je prav-
dépodobné podminén aktivaci mezolimbického
a mezostriatalniho dopaminergniho systému [15].

Dosavadni zkuSenosti s 1écbou negativnich pii-
znakd pomoci rTMS jsou pomérné malé. Do soucas-
nosti bylo provedeno celkové deset studii o celko-
vém poétu 170 zaiazenych pacientt. Sest z nich
bylo zaslepenych [6, 8, 10, 12, 13, 16], zbyvajici ¢ty-
i otevirené [1, 2, 4, 7]. S vyjimkou pocate¢nich niz-
kofrekvenc¢nich pokusi se jednalo vyhradné o vyso-
kofrekven¢éni stimulace levého prefrontalniho
kortexu. Do studii byli zafazeni pacienti s prevazu-
jicimi negativnimi p¥iznaky na stabilni medikaci
antipsychotiky, farmakologicka 1écba byla béhem

stimulace rTMS ponechavana beze zmény. Polovi-
na studii nalezla statisticky vyznamné snizeni
zavaznosti negativnich ptiznakt [1, 7, 8, 12, 16], ve
dvou piipadech byl pokles ale hodnocen jako kli-
nicky nevyznamny [1, 7]. Klinicky i statisticky
vyznamné zmirnéni negativnich p¥iznaka bylo
tedy prokazano ve tiech studiich [8, 12, 16], ve
v8ech pripadech se jednalo o dvojité zaslepené
pokusy s vysokofrekvenéni stimulaci frekvenéniho
rozmezi 8-20Hz aplikované nad oblasti levého pref-
rontalniho kortexu béhem deseti stimulac¢nich sek-
ci. Pocet deseti stimula¢nich sekci byl maximéalni
ve vSech provedenych studiich. Jelikoz ze studii
1écby deprese pomoci rTMS vime, ze 1é¢ebny uc¢inek
stimulace se zvyS$uje s mnozstvim aplikovanych
impulzi, coz Ize dosahnout nejlépe zvysenim poctu
stimulacnich sekei, je otazkou, zda i 1écba negativ-
nich p¥iznaka pomoci rTMS by neméla také uzitek
z aplikace vétsiho poctu stimulaé¢nich impulza [5].

Cilem nasi oteviené studie bylo ovérit, zda aug-
mentace antipsychotik vysokofrekvenéni stimulaci
levého prefrontalniko kortexu o celkovém poétu 15
stimulac¢nich sekei bude ac¢inna ve sniZzeni zavaz-
nosti negativnich priznaku schizofrenie.

2. METODIKA

2.1 Charakteristika zkoumaného souboru

Studie byla navrzena jako oteviena, naturalis-
ticka, prospektivni studie. Byli do ni zatrazeni
muzi prijati k hospitalizaci na Psychiatrické klini-
ce Lékatské fakulty Masarykovy univerzity
a Fakultni nemocnice v Brné spliujici kritéria pro
schizofrenii (F20) dle Mezinarodni klasifikace
nemoci, 10. revize (MKN-10), diagnosticka kritéria
pro vyzkum, a kteri byli dlouhodobé (minimalné
po dobu 6 tydnti) stabilizovani na antipsychotické
medikaci, byla u nich pfitomna vyrazna negativni
schizofrenni symptomatologie, aviak bez piitom-
nosti jiné psychiatrické komorbidity (poruchy
néalad, tuzkostné poruchy, poruchy osobnosti
apod.). Diagnéza byla ovéfena dvéma na sobé
nezavislymi psychiatry. Vék zaiazenych nemoc-
nych byl v rozmezi 18 az 60 let. Do studie nebyli
zatazeni pacienti, u kterych se v minulosti vysky-
tovalo ¢i v soucasnosti je piitomno onemocnéni
neurologické (véetné epilepsie ¢i abnormniho EEG
zaznamu), kardiovaskularni, cerebrovaskularni,
endokrinni, systémové autoimunitni, abizus psy-
choaktivnich latek, véetné zavislosti na alkoholu,
nebo akutni riziko suicidia. Vsichni zaiazeni paci-
enti podepsali informovany souhlas. Studie byla
schvalena mistni etickou komisi a spliiuje podmin-
ky Helsinské deklarace lidskych prav.

2.2 Schéma vysetreni a 1ééby zkoumaného
souboru

Pacienti byli ponechani na dosavadni zavedené
antipsychotické medikaci, ktera béhem stimulac¢ni
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Tab. 1. Medianové skéry skal PANSS a SANS pied a po rTMS.

Skala Pied ¥rTMS Po rTMS Statistické srovnani*
Median S.D. Median S.D. Z P
Pozitivni subskala PANSS 7,50 1,49 7,00 1,29 1,60 0,11
Negativni subgkala PANSS 22,00 5,00 15,00 5,51 3,06 0,01
Vseobecna subskala PANSS 29,00 5,25 23,00 3,98 2,93 0,01
Celkovy PANSS 57,50 9,85 45,50 9,57 3,06 0,01
SANS 70,00 16,49 29,00 20,63 3,06 0,01

* Wilcoxon Matched Pairs Test: porovndani medianovych skoru pred a po rTMS

lécby nebyla nijak ménéna. Stimula¢ni lécba
rTMS byla provadéna kazdy pracovni den, tedy
5krat tydné, do celkového poc¢tu 15 procedur. Pred
a po 1écbé byla zavaznost psychopatologie vyhod-
nocena pomoci Skaly pozitivnich a negativnich pii-
znaku schizofrenie (the Positive and Negative
Syndrome Scale (PANSS) [9], negativni pFriznaky
byly specialné hodnoceny navic pomoci skaly hod-
notici negativni piiznaky schizofrenie (SANS) [3].

2.3 Metodika provadéni rTMS

Aplikace rTMS zacinala stanovenim individual-
niho motorického prahu pacienta a zamérenim
mista stimulace. Motoricky prah (MP) je registro-
van pomoci elektromyografu (EMG) na m. abduc-
tor pollicis brevis lat. dx. Stanoveni MP je defino-
jednotlivych impulzt povede k nejméné 5 motoric-
kym potencialiim o velikosti amplitudy minimalné
50 mV. Vlastni vykon rTMS je definovan lokaliza-
ci aplikace (levy dorzolateralni prefrontalni kor-
tex), intenzitou magnetické stimulace v % MP
(110 % MP), frekvenci stimulace (10Hz), trvanim
série pulzi (10 sec.), intervaly mezi sekvencemi
(30 sec.) a celkovym poc¢tem aplikovanych stimula
(1500). Béhem celé aplikace, byl sledovan klinicky
stav a technické udaje aplikace véetné teploty sti-
mulaéni civky. Pii dodrzovani bezpe¢nostniho pro-
tokolu aplikace je riziko komplikaci zanedbatelné.
Ke stimulaci byl pouzit pristroj Magstim Super
Rapid, pro zhodnoceni motorického prahu EMG
MedelecSynergy.

2.4 Analyza dat

Pro analyzu dat byl vyuzit statisticky program
Statistica® (StatSoft, Inc. (2001). STATISTICA Cz
[Softwarovy systém na analyzu dat], verze 6).
Data byla charakterizovana deskriptivni a zpraco-
vana neparametrickou statistikou, byly vyhodno-
ceny velikosti prubéhovych zmén ve sSkalach
PANSS a SANS.

3. VYSLEDKY

3.1 Charakteristika souboru

Do studie bylo zatazeno 12 pacientti o pru-
mérném véku 32,92 let (SD=9,48) a pramérnym
trvanim nemoci 64,75 mésica (SD=65,63). U 10
z nich byla diagnostikovana paranoidni schizofre-

nie (F 20.0) a u zbyvajicich dvou nediferencovana
schizofrenie (F 20.6). Pacienti byli 1é¢eni monote-
rapii antipsychotikem: Sest pacientt1 olanzapinem,
Cty¥i risperidonem a po jednom klozapinem a sul-
piridem. Praimérna davka antipsychotik v chlor-
promazinovych ekvivalentech byla 209,25 mg den-
né (SD=153,21). Vsichni pacienti absolvovali 1é¢bu
rTMS bez komplikaci.

3.2 Charakteristika klinického stavu

Medianové skoéry skal PANSS a SANS pied
zahdjenim a po ukoné¢eni rTMS jsou zobrazeny
v tabulce 1.

Béhem stimulaéni lécby rTMS doslo ke snizeni
zavaznosti negativnich schizofrennich piiznaku,
coz je vyjadreno statisticky vyznamnym poklesem
medianovych skort negativni subskaly PANSS (o
32 %) a SANS (o 59 %). Z dalsich sledovanych
parametri se statisticky vyznamné snizila zavaz-
nost vSeobecnych schizofrennich ptiznakut (o 21 %)
i celkového skére PANSS (o0 21 %). Uroveii pozitiv-
nich schizofrennich p¥iznaku zistala bez statistic-
ky vyznamné zmény.

4. DISKUSE

Augmentace antipsychotik vysokofrekvenéni
stimulaci aplikovanou nad oblasti levého prefron-
talnitho kortexu vedla k vyznamnému sniZeni
intenzity negativnich schizofrennich p#iznaku.
Toto snizeni doséhlo nejen statistické vyznamnos-
ti, ale pokles o 32 % vyjadfeny negativni subska-
lou PANSS ¢i o 59 % ve skale SANS opraviuje
povazovat pokles zavaznosti negativnich priznakt
za vyznamny také z klinického hlediska.

Ustup negativnich piiznakt schizofrenie pomo-
ci vysokofrekvenéni rTMS, aplikovanou nad oblas-
ti levého prefrontalniho kortexu, byl prokazan
v predchozich trech dvojité zaslepenych studiich
[8, 12, 16].

V roce 2000 publikoval Rollnik a jeho kolegové
praci, jejimz cilem bylo posoudit uéinnost rTMS
u pacientt se schizofrenii v podminkach jednodu-
Se zaslepené, kontrolované studie. Bylo do ni zata-
zeno 12 nemocnych (8 muzua a 4 Zeny) se schizofre-
nii na stabilizované davce antipsychotik. Byl
stimulovan levy dorzolateralni prefrontalni kor-
tex, kazdému pacientovi bylo aplikovano dvacet
dvousekundovych stimula¢nich sekei (trainu)
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v prubéhu dvaceti minut (800 pulzt v jedné sekei,
celkové 10 stimulaci v pribéhu dvou tydnt). Pro
stimulaci byla uzita osmickova civka, netu¢innost
placebové skupiny (tzv. ,sham“ stimulace) byla
dana polohou stimulaé¢ni civky k povrchu hlavy.
Polovina pacientt byla lé¢ena skute¢nou a druha
polovina netucinnou ,sham® stimulaci. Skute¢na
rTMS vedla ke statisticky signifikantnimu pokle-
su zavaznosti schizofrennich pFiznakt, pri ,,sham*
stimulaci k této zméné nedoslo [16].

Pies pozitivni zavér Rollnikovy studie byla dal-
§i prace publikovana az v roce 2003. Jednalo se
o dvojité slepou studii Langgutha a spolupracovni-
k. Do studie bylo zarazeno celkové dvacet pacien-
th se schizofrenii anebo schizoafektivni poruchou
s pievladajicimi farmakorezistentnimi negativni-
mi pfiznaky. Vsichni byli na stabilizované davce
antipsychotik. Pacienti byli 1é¢eni vysokofrekvenc-
ni (10 Hz) stimulaci nad oblasti levého prefrontal-
niho kortexu stimulac¢ni intenzitou 110 % MP
béhem deseti sezeni. U pacientt 1é¢enych skuteé-
nou rTMS doslo oproti ,sham®“ stimulaci
k vyznamnému sniZeni zavaznosti negativnich
priznaka [12].

Treti studii, ktera nalezla efektivitu rTMS v 1é¢-
bé negativnich priznaki schizofrenie, je prace Jina
z roku 2005. Do studie bylo zafazeno 27 pacientt
s vyraznymi negativnimi schizofrennimi priznaky,
stimulace probihala denné po dobu dvou tydnu
oboustranné nad oblasti dorzolateralniho prefron-
talniho kortexu za uziti rtznych stimulaénich
frekvenci: 8—13 Hz (tak zvana alfa frekvence), 3 Hz,
20 Hz nebo nedc¢inna ,sham® stimulace. Teoretic-
kym podkladem této prace je hypotéza, ze mozko-
va alfa frekvence (8-13 Hz), detekovana pomoci
EEG (elektroencefalografie), souvisi s vyskytem
a zavaznosti negativnich priznaka schizofrenie.
Vysledky tento predpoklad potvrdily, protoze
rTMS o frekvenci ,alfa“ (8-13 Hz) vedla k vyraz-
néjsimu ustupu negativnich piiznaka ve srovnani
se zbyvajicimi tiemi lééebnymi modalitami [8].

Vysledky nasi studie potvrzuji diive publiko-
vané zavery, ze vysokofrekvenc¢ni rTMS, aplikova-
na nad oblasti levého prefrontalniho kortexu, ma
potencial ke zmirnéni zavaznosti negativnich p¥i-
znakil schizofrenie. V¥raznou redukci negativnich

zejména skuteCnosti, Ze pacienti absolvovali 15
stimulac¢nich sezeni, coz je zatim nejvice ze vsech
provedenych studii. Ukazuje se, ze kombinace
vysoké frekvence (min. 10Hz), maximalni intenzi-
ty stimulace dle doporucenych bezpeénostnich
postupit ( j.110 % motorického prahu) a dostatec-
ny pocet stimulaénich sezeni (jako optimalni se
nam jevi alespon 15 stimulaci) jsou faktory, které
urcuji ucinnost rTMS v této indikaci. Prace, které
pouzily nizsi stimulaéni hodnoty at jiz v kterémko-
liv parametru, nedosahly v ovlivnéni negativnich
schizofrennich pFiznakt takového efektu [2, 4, 10].
Na nase vysledky je pochopitelné nutné nahlizet
optikou sily otevirené studie, kdy nemiizeme vylou-
¢it pripadny vliv placeba, ktery je soucasti kazdé
lécebné modality, véetné rTMS. Také skutec¢nost,
ze vsichni pacienti byli hospitalizovani a uc¢astnili
se psychoterapeutickych a ergoterapeutickych pro-
cedur spojenych s pobytem na psychiatrické klini-
ce, mohla piispét k vyssimu zaktivovani pacientu
a naslednému pripadnému ustupu negativnich
priznaka. Na druhou stranu je vsak nutné ¥ici, ze
pouhé sama hospitalizace i se zapojenim do vSech
¢innosti na oddéleni nevede u nasich pacienti ke
zmirnéni negativnich schizofrennich piiznakuy,
pripadné rozhodné toto zmirnéni nedosahuje tako-
vé miry jako p¥i soucasné aplikaci rTMS. K vylou-
¢eni téchto vliva se jevi jako vhodné usporadat
studii ve dvojité zaslepeném usporadani, ktera by
vyuzila nami navrzené stimulaéni parametry.

ZAVER

Zavérem lze konstatovat, Ze augmentace anti-
psychotik vysokofrekvenéni stimulaci levého pre-
frontalniho kortexu o celkovém poctu 15 stimulac-
nich sekci byla u¢inna ve snizeni zavaznosti
negativnich ptiznaki u pacienti se schizofrenii.
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Objective: The aim of the study was to assess the effect of rTMS not only on the general severity of negative
schizophrenia symptoms, but also particularly on their individual domains, such as affective flattening or
blunting, alogia, avolition or apathy, anhedonia, and impaired attention.

Methods: Forty schizophrenic male patients on stable antipsychotic medication with prominent negative
symptoms were included in the study. They were divided into two groups: 23 were treated with active and
17 with placebo rTMS. Both treatments were similar, but placebo rTMS was administered using a purpose-
built sham coil. Stimulation was applied to the left dorsolateral prefrontal cortex (DLPFC). The stimulation
frequency was 10 Hz; stimulation intensity was 110% of the individual motor threshold intensity. Each patient
received 15 rTMS sessions on 15 consecutive working days (five working days “on” and two weekend days
“off” design). Each daily session consisted of 20 applications of 10-second duration with 30-second intervals
between sequences. The patients and raters were blind to condition of stimulation treatment.

Results: The active rTMS led to a statistically significantly higher reduction of the Scale for the Assessment of
Negative Symptoms (SANS) total score and of all domains of negative symptoms of schizophrenia. After
Bonferroni adjustments for multiple testing, the statistical significance disappeared in alogia only.

Conclusion: High-frequency rTMS stimulation over the left DLPFC at a high stimulation intensity with a sufficient
number of applied stimulating pulses may represent an efficient augmentation of antipsychotics in alleviating
the negative symptoms of schizophrenia.

© 2013 Elsevier B.V. All rights reserved.

1. Introduction

Negative symptoms and cognitive deficits are regarded as a part of
the core symptoms of schizophrenia. In some cases, especially in the
secondary negative symptoms, their severity may be in some extent
improved by antipsychotics (Lecrubier et al., 2006). In most cases,
however, the negative symptoms remain resistant to the current
options of psychopharmacology (Erhart et al., 2006). The absence of a
really efficient treatment for negative symptoms appears therefore to
be a major problem of schizophrenia treatment today. The presence of
negative schizophrenia symptoms is closely linked to the bad prognosis
and represents a potential source of significant stress factors for the
patients' family and caregivers (Bow-Thomas et al., 1999; Dickerson
et al,, 1999; Milev et al., 2005). The severity of the negative symptoms
of schizophrenia generally predicts a worse quality of life (Bow-Thomas
et al, 1999), worsened social functioning (Dickerson et al., 1999),

* Corresponding author at: CEITEC — Central European Institute of Technology, Masaryk
University, Czech Republic. Tel.: 4420 5 3223 2055; fax: + 420 5 3223 3706.
E-mail address: radovan.prikryl@post.cz (R. Prikryl).

0920-9964/$ - see front matter © 2013 Elsevier B.V., All rights reserved.
http://dx.doi.org/10.1016/j.schres.2013,06.015

disruptions in interpersonal relations, reduced work performance, and
a generally worse effect of treatment in schizophrenia patients (Milev
etal,, 2005).

Brain stimulation techniques like repetitive transcranial magnetic
stimulation (rTMS), transcranial direct current stimulation and/or
transcranial random noise stimulation have been proved in schizo-
phrenia neurostimulation research. However there is only sufficient
experience with rTMS application in the treatment of auditory halluci-
nations or negative symptoms of schizophrenia. Repetitive transcranial
magnetic stimulation (rTMS) is a neurostimulation method enabling
brain neuronal metabolism modulation in a non-invasive way.
Although the specific effect of rFTMS on neurotransmission is not entirely
clear, it has been proven repeatedly that high-frequency rTMS (10 to
20 Hz) increases brain excitability and low-frequency rTMS (1 Hz and
low) decreases it. It has also been found that high-frequency rTMS
applied over the left prefrontal cortex (PFC) increases brain perfusion,
and thus the metabolism of this region, whereas low-frequency rTMS
has the opposite effect (Nahas et al., 1999). Animal models showed
that 'TMS increases the density of N-methyl-p-aspartate (NMDA) recep-
tors as early as after a single stimulation (Ragert et al., 2003). It can
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therefore be speculated that high-frequency rTMS over PFC may act as a
potential agonist of NMDA receptors (Kole et al., 1999). Following high-
frequency stimulation, up-regulation of serotonin receptors (5-HT1A
and 5-HT2 subtypes) also occurs (Ben-Shachar et al, 1999). Animal
and human studies have shown that high-frequency rTMS applied
over the left PFC modulates the release of dopamine in the mesolimbic
and mesostriatal brain pathways. A selective elevation in the dopamine
levels in the dorsal striatum and the nucleus accumbens was found in
animal studies (Taber and Fibiger, 1995), and in the caudate nucleus
and the left putamen in humans as well (Strafella et al., 2001; Jin et al,,
2006).

Prefrontal hypometabolism, altered NMDA and serotonin receptor
functions are considered to be involved in the pathophysiology of
negative symptoms of schizophrenia. There is a strong correlation
between prefrontal hypometabolism and severity of negative symptoms
of schizophrenia (Andreasen et al., 1992). The positive impact of rTMS
on negative symptoms can be therefore seen in the ability to restore pre-
frontal hypometabolism and affect glutamate and serotonin brain neuro-
transmission in a positive way (Kole et al., 1999; Dlabac-de Lange et al.,
2010). Improvement of negative symptoms after rTMS is also possibly
caused by the activation of mesolimbic and mesostriatal dopaminergic
systems (Strafella et al., 2001).

Although a number of double-blind studies proved a statistically
significant decrease in the intensity of the negative schizophrenia
symptoms when current antipsychotic treatment was augmented
with r'TMS, the actual clinical significance of this procedure is disputed
by a number of authors (Matheson et al., 2010). The same conclusion
was also essentially reached by two meta-analyses. The first meta-
analysis reviewed eight double-blind studies and found that rTMS had
a mild to moderate (d = 0.58) effect size on alleviating the negative
symptoms of schizophrenia (Freitas et al, 2009). The other meta-
analysis evaluated nine double-blind studies with more than two
hundred enrolled patients (Dlabac-de Lange et al., 2010). When studies
with any high-frequency stimulation of the left PFC were evaluated, the
effect size of the treatment was low (d = 043); when the analysis
included only studies with a 10 Hz frequency, the effect size of the
treatment was intermediate (d = 0.63).

Published studies of the rTMS application in the treatment of
negative symptoms of schizophrenia are burdened with a number of
methodological issues and drawbacks, in both the stimulation parame-
ters (the accuracy of the focus of the stimulating coil, the number of
stimulating pulses administered, the total number of stimulation ses-
sions, the conditions for blinding, etc.) and the own evaluation of the
character of the negative symptoms, No study has presented a detailed
analysis of which domains of the negative symptoms are actually
influenced by rTMS. The main clusters of negative symptoms include
affective flattening or blunting, alogia, avolition or apathy, anhedonia,
and impaired attention (Andreasen, 1982). The results of the studies
conducted only indicate a change in the general severity of negative
symptoms, without any detailed analysis of the influence of rTMS on
the particular items of negative symptoms. Only Barr's study directly
reported no therapeutic effect of bilateral high-frequency rTMS on
negative schizophrenia symptoms subclassified as primary or deficit
(e.g. anhedonia and blunted affect) and secondary or nondeficit
(e.g. avolition) symptoms (Barr et al,, 2012). This is surprising, especially
since antipsychotics can also influence the individual domains of nega-
tive symptoms in different ways. Clozapine, for instance, has been prov-
en to be most effective in anhedonia (Buchanan et al., 1998), while
olanzapine influences all the negative symptoms except anhedonia
and social withdrawal (Tollefson et al., 1997).

The lack of a factor analysis of the effect of rTMS on the particular
clusters of negative schizophrenia symptoms led us to design a
double-blind, sham stimulation-controlled study. The main aim of the
study was to assess the efficacy of rTMS not only on the general severity
of the negative symptoms but also especially on their individual
domains, such as affective flattening or blunting, alogia, avolition or

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

2. Methods
2.1. Participants

The evaluated group included male patients who were admitted
for schizophrenia to the Department of Psychiatry of the Faculty of
Medicine of Masaryk University and University Hospital in Brno,
Czech Republic. Only those patients who fulfilled the criteria for
schizophrenia (F20) according to the International Classification of
Diseases, revision 10 (ICD-10), and diagnostic research criteria, who
were stabilized for at least last 6 weeks on the same antipsychotics,
and who had significant negative symptoms without other psychiatric
comorbidities such as mood, anxiety, or personality disorders were
included in the study. Diagnosis was ascertained by two independent
experienced psychiatrists from the medical chart review and with the
Mini-International Neuropsychiatric Interview (MINI) (Sheehan et al.,
1998). The age of the enrolled patients ranged from 18 to 60 years.
Patients who had a neurological disease (including epilepsy or abnormal
EEG record), a cardiovascular, cerebrovascular, endocrinal, or systemic
autoimmune disease, psychoactive drug abuse including alcohol, or
acute risk of suicide at screening, or who had such a condition in the
past were not included in the study. Absence of psychoactive drug
abuse was verified using the toxicology examination of urine for canna-
bis, amphetamines, and opioids. Only those patients who signed an
informed consent form and who had no contraindication for rTMS
were included in the study. The study was approved by the local ethics
committee and complies with the requirements of the Declaration of
Helsinki.

2.2, Study design

All patients were randomly assigned to the active and/or placebo
r'TMS groups based on a software randomly determining type of stim-
ulation treatment (active to placebo relation was 5:4). Both forms of
rTMS treatment were performed on workdays, i.e. five times a week,
until fifteen procedures were completed (three weeks in total). The
patients remained on their prescribed antipsychotic medication during
the stimulation therapy. The severity of negative symptoms before and
after the stimulation treatment was evaluated using the Scale for the
Assessment of Negative Symptoms (SANS) (Andreasen, 1982). The
SANS contains 30 particular items divided into 5 symptomatological
domains: 1) affective flattening and/or blunting, 2} alogia, 3) avolition
and/or apathy, 4) anhedonia, and 5) impaired attention. The severity
of the individual SANS items was assessed using six grades of intensity:
0 — absence, 1 — questionable, 2 — mild but definitely present, 3 —
moderate, 4 — marked, and 5 — severe. The severity of positive symp-
toms of schizophrenia before and after the treatment was evaluated
using the Scale for the Assessment of Positive Symptoms (SAPS)
(Andreasen, 1984). Potential affective symptomatology was evaluated
before and after the treatment using the Montgomery-Asberg Depres-
sion Rating Scale (MADRS) and the Calgary Depression Scale for Schizo-
phrenia (CDSS) (Montgomery and Asberg, 1979; Addington et al.,
1990). The patients and raters were blind to condition of stimulation
treatment. The rTMS treatments were administered by experienced
staff who were aware of the patients' stimulation conditions. The pa-
tients were advised that they would receive either active or the
placebo-controlled sham rTMS; however, the specifics regarding the
difference between the stimulations were not described. After stimula-
tion course patients were asked about their best guess of the treatment
they received.
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2.3. Active and placebo rTMS treatments

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

2.4. Statistical analysis

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

ongoing changes in the scales. A post-hoc analysis was also performed
and the level of significance for all correlations was adjusted using the
Bonferroni adjustment.

3. Results
3.1. Characteristics of the evaluated group

The evaluated group included 45 right-handed male patients. Total
number of 86 patients was assessed for the eligibility of the study.
Excluded patients (N = 41) did not meet the inclusion criteria (N =
27) or refused to participate (N = 14). Three patients dropped out
before the beginning of the rTMS series because they refused to partic-
ipate. Two more patients (one patient from each group) were excluded
after randomization during rTMS treatments for the loss of cooperation.
No adverse events were observed during both forms of stimulation. For
an overview of the clinical trial — see Fig. 1. Both groups did not differ
with respect to demographic and clinical characteristics — see Table 1.
The antipsychotic and mood stabilizing drug profile for the active and
the placebo stimulation groups (23/17), respectively, were as follows:
amisulprid 1/2, clozapine 0/1, clozapine + lamotrigine 1/1, olanzapine
8/4, olanzapine + amisulpride 2/1, olanzapine + haloperidol 1/0,
olanzapine + risperidone 0/1, paliperidone 0/1, quetiapine 1/1, risper-
idone 6/3, long acting injectable risperidone 1/0, risperidone +
aripiprazole 1/0 and ziprasidone 0/2. There was a higher but statistically
nonsignificant chlorpromazine equivalent dose in the placebo com-
pared to active stimulation group (387 + 272 mg versus 282 4+
231 mg, Z = 1,24, p = 0.21). No difference in medication of benzodi-
azepines was found.

3.2. Characteristics of the clinical status of the active rTMS group

Table 2 shows the mean SANS, including its five particular symptom
dimensions, SAPS, MADRS, and CDSS scores before and after active
ITMS. A statistically significant reduction of severity of the negative
and affective symptoms of schizophrenia occurred in the active rTMS
group, indicated by reductions in the SANS, MADRS, and CDSS scores.
A statistically significant reduction was also found in all five symptom

Assessed for eligibility
(N=86) Exc]udedA (N=41)
T Not meeting
inclusion criteria
I Enrollment L (N=27)
: Refused to

Randomisation (5:4)

Allocated to the active
rTMS treatment (N=25)
Received allocated
intervention (N=24)

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

l

Analyzed (N = 23)
Excluded from analysis
(N=1)

Patient did not receive
allocated intervention

Analysis

participate (N=14)

Allocated to the placebo
rTMS treatment (N=20)
Received allocated
intervention (N=18)

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

Analyzed (N = 17)
Excluded from analysis
(N=1)

Patient did not receive
allocated intervention

Fig. 1. Flowchart.
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Table 1
Comparison of demographic and clinical data of the groups treated with active and
placebo rTMS.

Active 1TMS Placebo rTMS Statistical
group group analysis
N 23 17
Demographic data
Age (years, mean, std. dev.) 31,60 + 8,04 3394 + 998 NS.*
Education (years, mean, std. dev.) 12.43 + 2,06 1244 4+ 197 NS.*
Duration of schizophrenia (years, 4.91 + 5.09 5.89 + 7.91 NS
mean, std. dev.)
Diagnoses (ICD-10)
Paranoid schizophrenia 20 15 NS
Hebephrenic schizophrenia 1 1 NSP
Simplex schizophrenia 2 1 NSP
Concomitant medication
First generation antipsychotics 1/23 0/16 NSP
(ves/no)
Second generation antipsychotics ~ 22/1 16/0 NP
(ves/no)
Anticholinergics (yes/no) 0/23 017 NS
Mood stabilizers (yes/no) 1/22 1/16 NSP
Combinations (yes/no) 5/18 3/14 NS

Chlorpromazine equivalent dose 28296 + 23138 387.19 + 27251 NS.*

(mean, std. dev.)

Baseline psychopathology

SANS total (mean, std. dev.) 6835 + 1418 59.06 £ 1582 NS.*

SANS affective flattening/blunting 23,91 + 5.24 1835 + 851 NS.*
(mean, std. dev.)

SANS alogia (mean, std. dev.) 822 + 401 5.65 + 4.39 NS

SANS avolition/apathy (mean, std.  11.83 £ 3.42 10.24 + 4.06 NS
dev.)

SANS anhedonia (mean, std. dev.) 1522 + 4.33 1571 £ 337 NS.*

SANS impaired attention (mean, 9,17 + 2.57 912 + 271 NS.*
std. dev.)

SAPS total (mean, std. dev.) B8.65 + 247 9.13 + 298 NS

MADRS total (mean, std. dev.) 12,17 + 4.09 11,00 + 458 NS.*

CDSS total {mean, std. dev.) 0.87 + 1.29 1.18 + 194 NS.*

SANS — Scale for the Assessment of Negative Symptoms; SAPS — Scale for the Assessment
of Positive Symp MADRS — Montgy y-Asberg Depression Rating Scale; CDSS —
The Calgary Depression Scale for Schizophrenia.

4 Independent t-test.

b Chi-square-test.

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

Table 2
Mean SANS, including its five particular symptom dimensions, SAPS, MADRS, and CDSS
scores before and after active rTMS.

Scale Before rTMS  After rTMS Statistical
comparison®
Mean 5D. Mean SD. ¢t p
SANS (total score) 6835 1418 3922 2111 748 <0.01°
SANS (affective flattening/blunting) 2391 524 1383 823 635 <0.01"
SANS (alogia) 822 401 487 336 473 <0.01°
SANS (avolition/apathy) 1183 342 652 377 618 <0.01°
SANS (anhedania) 1522 433 896 609 548 <0.01°
SANS (impaired attention) 917 257 504 335 594 <001
SAPS (total score) 865 247 911 254 189 028
MADRS (total score) 12,17 409 544 327 631 <0.01
CDSS (total score) 087 129 004 021 312 <001

SANS — Scale for the Assessment of Negative Symptoms; SAPS — Scale for the Assessment

of Positive Symj MADRS — M y-Asberg Depression Rating Scale; CDSS —
The Calgary Depression Scale for Schizophrenia.
* Paired t-test.

b Statistical significance observed after Bonferroni adjustments for multiple testing,

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

Table 3 shows the mean SANS, including its five particular symptom
dimensions, SAPS, MADRS, and CDSS scores before and after placebo
r'TMS. A statistically significant reduction of severity of affective symp-
toms occurred in the placebo rTMS group, indicated by a reduction in
the MADRS total score. No change in the SAPS and CDSS total scores
was observed. The intensity of the negative symptoms of schizophrenia
did not statistically significantly change in the SANS total score nor in its
five symptom dimensions (see Table 3). Only two patients were per-
suaded to be treated with placebo stimulation, the rest of them thought
to be really stimulated.

3.4. Direct comparison of efficacy between active and placebo rTMS
treatments on negative symptoms of schizophrenia in total and on
particular symptom domains

Compared to the placebo rTMS, the active rTMS caused a statistically
significantly higher reduction of the total SANS score and of all the
domains of negative symptoms of schizophrenia. Multivariate repeat
measures analysis of variance (ANOVA), with treatment as the
between-group factor and time as the within-subject factor revealed
significant main effect on total SANS score (F = 20.94; p < 0.01), affec-
tive flattening/blunting SANS subscore (F = 18.10; p < 0.01), alogia
SANS subscore (F = 5.63; p = 0.02), avolition/apathy SANS subscore
(F = 14.17; p < 0.01), anhedonia SANS subscore (F = 8.18; p < 0.01)
and impaired attention SANS subscore (F = 9.59; p < 0.01). However
after Bonferroni adjustments (p < 0.08) for multiple testing, the statis-
tical significance disappeared in alogia (see Table 4).

3.5. Associations between the reduction of negative symptoms of
schizophrenia and clinical and demographic variables

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

4, Discussion

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

In planning the study, we drew on findings from published papers,
including our previous study, which was the first to use 15 stimulation
sessions in three weeks at a high stimulation intensity defined as 110%
of individual MT (Prikryl et al., 2007). It is apparent from Jin's study in
particular, that the stimulation frequency should move within the
alpha frequency range of 8-13 Hz, as patients with schizophrenia
show reduced alpha activity (both spectral performance and coherence)
under resting conditions and during sensory or cognitive stimulation
(Hoftfman et al, 1991; Jin et al., 2006). This finding is closely related to
the conclusion of the meta-analysis that when studies with any high-
frequency stimulation of the left PFC were assessed, the effect size of
the treatment was low (d = 0.43), and when the analysis included
only studies with a 10-Hz frequency, the effect size of the treatment
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Table 3

Mean SANS, including its five particular symptom dimensions, SAPS, MADRS, and CDSS scores before and after placebo rTMS.

Scale Before rTMS After rTMS Statistical comparison®
Mean S.D. Mean S.D. t p
SANS (rotal score) 59.06 15.82 53.53 18,60 194 007
SANS (affective flattening/blunting) 18.35 851 17.42 8.40 0.74 047
SANS (alogia) 5.65 439 477 317 120 025
SANS (avolition/apathy) 1024 406 935 3.94 123 024
SANS (anhedonia) 15.71 3.37 13.94 4.83 1.82 0.09
SANS (impaired attention) 9.12 27 8.06 in 1.59 013
SAPS (total score) 913 298 9.02 2.86 173 0.29
MADRS (total score) 11.00 458 9.12 353 257 002
CDSS (total score) 1.18 1.94 0.76 148 133 020

SANS — Scale for the Assessment of Negative Symptoms; SAPS — Scale for the Assessment of Positive Symptoms; MADRS — Montgomery-Asberg Depression Rating Scale; CDSS —

The Calgary Depression Scale for Schizophrenia.
* Paired t-test,

increased to an intermediate range (d = 0.63) (Dlabac-de Lange et al.,
2010).

For blinding conditions sham coil was used. In studies of the rTMS
application in the treatment of negative symptoms of schizophrenia,
this manner of blinding occurs in a minority of cases. Most studies
lean a real coil so that it forms a 90 degree angle with the head surface,
thus precluding actual stimulation. It cannot be ruled out that the man-
ner of blinding caused the varied results of the previous trials. Although
the use of a sham coil does resolve some of the aspects of blinding, it still
cannot be regarded as optimal, particularly due to the lack of tactile
accompaniment during stimulation using the sham coil. Under the
conditions of our trial, the physician operating the rTMS machine did
not meet the physician who assessed the negative and affective symp-
toms of schizophrenia in the enrolled patients. The study coordinator
was present throughout the study procedures, including the assess-
ment of psychopathology, where the coordinator directly supervised
the evaluating physician to ensure that the patients were not asked
how they felt about the rTMS treatment. We believe that due to the
relatively strict blinding method including the use of sham coil, our
study meets the conditions defined in 2009 with the support of the
National Institute of Mental Health (NIMH), regarding the optimization
of r'TMS for the treatment of depression, These conditions are quite ex-
ceptional as they include a new blinding method in which the person
who is acquainted with the method of stimulation does not come into
contact with the patient or the evaluator of the clinical condition
(Arana et al., 2008; Borckardt et al., 2008).

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

Table 4
Comparison of changes (in percentage reduction) of the mean SANS score and its five
symptom domains between the groups treated with real and sham TMS.

Scale Real Sham Statistical
™S rTMS comparison®
Mean (%) SD. Mean (%) 5D F p

SANS (total score) 43.36% 25.84 966% 1741 2094 <0.01°
SANS (affective flattening/ 4207% 2935  506% 2234 1810 <0.01°

blunting)
SANS (alogia) 37.59% 41.61 9.06% 4263 563 002
SANS (avolition/apathy)  44.46%  33.81 862% 37.86 1417 <0.01°
SANS (anhedonia) 4152% 3795 797% 2384 818 <0.01°
SANS (impaired attention) 4557% 3229 10% 3212 959 <001"

SANS — Scale for the Assessment of Negative Symptoms.

# Multivariate repeat measures analysis of variance (ANOVA), with treatment as the
between-group factor and time as the within-subject factor.

b Statistical significance observed after Bonferroni adjustments for multiple testing.

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

Our paper is the first rTMS trial ever to not only focus on changes
in the general severity of the negative symptoms of schizophrenia,
but also analyze in detail the impact of stimulation on the individual
symptomatological domains of the negative symptoms of schizophrenia.
We used the SANS scale (Andreasen, 1982) to define the symptomato-
logical domains of negative schizophrenia symptoms, as its proven
validity and reliability define symptoms such as affective flattening or
blunting, alogia, avolition or apathy, anhedonia, and impaired attention.
The results showed that while active rTMS leads to a statistically signif-
icant drop in all these items, placebo rTMS had no significant impact on
any of them. A mutual comparison of active and placebo rTMS treat-
ments proved a statistically significant impact of high-frequency stimu-
lation on all the symptom dimensions of the negative symptoms with
the exception of alogia, which lost statistical significance after a
Bonferroni adjustment for multiple testing. The results imply that
high-frequency rTMS over the left DLPFC has a relatively wide effect
on a number of negative symptoms, which can perhaps be attributed
to the mechanism of the action of stimulation on the restoration of
neuronal activity and on the action at the level of neurotransmitters or
receptors. The strong effect of rTMS on emotional functioning like affec-
tive flattening/blunting was found. They are considered as primary or
deficit symptoms that specifically refer to those negative symptoms
that are present as enduring traits. Stimulation over the left DLPFC can
perhaps boost connectivity between PFC and amygdala that is tenuous
in schizophrenia (Salzman and Fusi, 2010). The lower effect of rTMS
on alogia corresponds with the position held by speech disorders in
the pathophysiology of schizophrenia, Impairment of communication
(alogia) represents a poverty of speech; the patient speaks little or the
speech is poor in terms of content. This feature was included among
first-rank schizophrenia symptoms by Bleuler (Andreasen, 1997).

Our trial, using progressive stimulation parameters, proved that
high-frequency 10 Hz rTMS over the left DLPFC may lead to a relatively
significant drop in the negative symptoms of schizophrenia. While
active rTMS led to an approximately 40% reduction in the negative
schizophrenia symptoms on average, the effect of the placebo rTMS
was only a single digit. Although it is relatively difficult to express one-
self on the clinical significance of these results, the detected difference
can be regarded as remarkable. Even though the effect of rTMS on the
negative symptoms is assessed as mild to moderate (d = 043 to 0.68)
in the meta-analyses, it should be borne in mind in this context that
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the effect of antipsychotics on the negative symptoms is even lower
when compared to rTMS, moving within the range from 0.17 to 0.21
(Leucht et al., 2009).

Our trial also evaluated the presence and change of the affective
symptoms. The low CDSS score shows evidence of the absence of the
depressive syndrome within the framework of the negative symptoms
of schizophrenia. Whereas only active rTMS led to a statistically signif-
icant change in the CDSS score, both of them decreased the MADRS
score in a statistically significant way. The MADRS score, in combination
with the low CDSS score, reflects the presence of non-specific, very
probably secondary depressive symptomatology. Its nature is also
evidenced by the fact that it was relieved by the placebo stimulation
as well.

Despite the efforts for a rigorous trial design, we are aware of
drawbacks in our work. These include in our opinion especially the
focus of the stimulating coil over the head surface. While rTMS studies
aimed at the treatment of auditory hallucinations or tinnitus have mostly
used frameless stereotactic navigation in order to accurately focus on the
target stimulation area, treatment of negative symptoms has used the
classic method for positioning the stimulation coil. However, Herwig
showed that this method is inaccurate for PFC localization. Comparing
the classic positioning and positioning controlled by magnetic reso-
nance, in only 7 out of 22 patients stimulation coil was in the right posi-
tion over the area of the PFC. (Herwig et al., 2001). Furthermore, the
distance between the stimulation coil and surface of the cerebral cortex
can also play an important role in rTMS efficacy (Spicer et al., 2001). Ac-
tually, in a study on patients over 55 years old where the stimulation
dose was adjusted by the distance between the coil and the cortex, a bet-
ter therapeutic effect was reached (Nahas et al., 1999). This is especially
important for studies involving patients with negative symptoms be-
cause, particularly, lower volumes of the frontal lobes are repeatedly
found in those patients in contrast to healthy volunteers (Sanfilipo et
al., 2000). Even if our study did not compare the efficacy of low versus
high frequency rTMS, evaluating such comparison would provide a
stronger evidence in favor of using high frequency rTMS in the treatment
of negative schizophrenia symptoms in the future. However the major
limitation of our study is an absence of follow-up data.

In conclusion, we can summarize that high-frequency 10 Hz rTMS
stimulation over the left DLPFC at a high stimulation intensity and a
sufficient number of applied stimulating pulses may represent an
efficient augmentation of antipsychotics in the effort to alleviate the
negative symptoms of schizophrenia. With the exception of alogia,
the therapeutic effect of rTMS appears to be effective on the majority
of the symptoms of the negative syndrome of schizophrenia.
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7.2 Ovlivnéni kognitivniho deficitu u schizofrenie pomoci rTMS

Z odborné literatury vime, Ze naruSené Kkognitivni funkce u schizofrenie a negativni
symptomy schizofrenie maji fadu spoleénych charakteristik, a z tohoto faktu vyplyva
teoretické zdtvodnéni efektu rTMS na kognitivni funkce U nemocnych schizofrenii. Existuje
pozitivni korelace mezi mirou kognitivniho naruseni u schizofrenie a negativnimi pftiznaky.
Negativni pfiznaky jsou také nékterymi autory vnimany jako disledek narusenych
kognitivnich funkei, jen méasvij odraz v chovani®®®. Stejné tak i etiopatogeneze
kognitivniho deficitu a negativnich pfiznakti se zda byt podobnd. Znacna cast studii
pouzivajicich neurozobrazovaci metody pfisuzuje etiopatogenezi negativnich symptomu
a narusenych kognitivnich funkci (hlavné deficitu v oblasti pozornosti, exekutivnich funkci
a pracovni paméti), narusené funkci dorzolateralniho prefrontalniho kortexu®®, eventuelng
medialniho prefrontalniho kortexu®. Z hlediska neurochemismu je zfejmé podstatny deficit
dopaminergni neurotransmise jehoz dusledkem jsou poruchy pienosu signalu (zejména

up regulace D1 receptorii)®8%.

Studii zaméfujicich se na efekt rTMS na kognitivni funkce u schizofrenie je relativné velmi
malo. Pfihodnoceni vlivu rTMS na kognitivni funkce u schizofrenie Ize vychazet pouze
ze studii, jejichz cilem bylo zmapovat efekt rTMS na negativni schizofrenni symptomatologii
a kognitivni  funkce zde byly hodnoceny jako ,byprodukt® hlavniho vyzkumu
(napft. ze starSich studii vyzkumné prace Cohena®™, Rollnika®?, Holiho®,
Sachdeva™ a Novéaka™). Cilem t&chto studii bylo hlavné zjistit, zda rTMS nemé negativni vliv
na kognitivni funkce. Ve studiich byly pouzity rozdilné baterie neuropsychologickych testa,
nékteré kognitivni domény zustaly zcela opomenuty, nebo byly pouzity testy naprosto

nevhodné pro hodnoceni kognitivniho deficitu u schizofrenie®.

Velmi zajimavou studii z této oblasti byla studie prazskych kolegi Mohra et al, ktera
porovnavala vliv rTMS nakognitivni funkce u schizofrenie sucinnosti pocitacové
rehabilitace ve dvojité slepé studii. Tato studie sice potvrdila pfinos programu pocitatové
rehabilitace ve zmirnéni deficitu kognitivnich funkci u schizofrenie, ov§em bez podstatnéjsiho

vlivu augmentace prostiednictvim rTMS®,

Vétsina studii hodnoticich efekt rTMS nakognitivni funkce U schizofrenie pouzivala
vysokofrekven¢ni stimulaci, ktera byla aplikovana nad oblast levého prefrontalniho kortexu.

Zduvodnéni tohoto pouziti spociva ve faktu, ze vysokofrekvencni rTMS ma aktivujici efekt
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na prefrontalni kortex a soucasné indukuje uvolnovani dopaminu v nucleu caudatu atim

facilituje dopaminergni neurotransmisi v prefrontalnim kortexu®" %%,

Dalsim pfipadnym mechanizmem u¢innosti rTMS na kognitivni deficit u schizofrenie mutize
byt down-regulace prefrontalnich serotoninovych 5-HT2 receptord po aplikaci rTMS
nad oblasti prefrontalniho kortexu jak naznacuji i animalni studie (napt. studie Ben- Sachara
a kolegi'®). Uvedené studie mohou byt teoretickym podkladem, na zaklads kterého by bylo
mozné ocekavat uCinnost vysokofrekvenéni rTMS, aplikované nad oblasti levého

prefrontalniho kortexu, na kognitivni deficit u schizofrenie'®*.

Pokud se pokusime shrnout vysledky studii, které mapovaly vliv vysokofrekven¢ni rTMS
aplikované nad oblasti levého prefrontalniho kortexu na kognitivni funkce u schizofrenie,
zjistime, ze ve vétSiné randomizovanych kontrolovanych studii pozitivni efekt na kognitivni
funkce prokazan neby193‘94’96’95. Obdobné nalezy potvrdily ipozdé€jsi studie Guse

a Hasana%>1%,

ZlepSeni urcitého parametru kognitivnich funkci, oddalené zrakové reprodukce, se podatilo
prokazat v pilotni studii Cohena™. J isty trend ke zmirnéni kognitivniho naruSeni u opravdové
stimulace oproti placebové stimulaci nalezl ve své studii RolInik®, ale bez statistické
vyznamnosti. Stejné tak Mittrach'® nalezl ve své studii trend ke zlepseni pouze jednoho
ze sledovanych neuropsychologickych parametri, ato exekutivnich funkcich, coz bylo

meteno celkovou vykonnosti ve Wisconsinském testu tfidéni karet (WCST).

Velmi zajimava a nadé€jna se jevi prace Barra a kolegti. rTMS zde byla pacientim aplikovana
bilateralné, tedy oboustranné, postupné jak nalevy, takinapravy DLPFC. Signifikantni

zlepSeni se ukazalo v procesech pracovni paméti (mé&feno n-back testem: 3 back)™®.

Pozitivni efekt rTMS muzeme nalézt ive studii Wolwera. Autofi této studie nalezli
signifikantni zlepSeni v rozpoznavani tvafi u pacientd s aktivni rTMS oproti skupiné na sham

stimulaci. Nebyla nalezena z4dna korelce se zlepSenim klinického stavu nemocnychloﬁ.

Recentn& publikovana metaanalyza'® ptivodné identifikovala 76 lankid zabyvajicich se touto
problematikou, kritéria pro zatazeni splnilo pouze 33 z nich, z ¢ehoz jen 4 studie zahrnovaly
sledovani kognitivnich funkci jako primarni vystup ze studie, zbyvajicich 29 hodnotilo
kognitivni funkce jako ,,byprodukt* jiného sledovani. Nebyl nalezen negativni, naruSujici vliv
rTMS na kognitivni funkce u schizofrenie, ale jednozna¢né pozitivni vliv rTMS na kognitivni

funkce u schizofrenie potvrzen nebyl. Roli samoziejmé hraje velka heterogenita studii,

98



cosetyCe stimulacnich parametrd, sledovanych kognitivnich domén, pouZitych

neuropsychologickych testi, atd...)'".

Tuto kapitolu tedy miizeme shrnout tvrzenim, Ze rTMS nemé pravdépodobné dostatecné silny
efekt naovlivnéni kognitivnich funkci u schizofrenie, narozdil od kognitivniho deficitu
U depresivni poruchy. Divodem mize byt rozdilna dynamika kognitivnich deficitd
u depresivni poruchy a u schizofrenie. Dale naruseni kognitivnich funkci u depresivni
poruchy muze vice zaviset nasamotné depresivni symptomatologii, pro coz svéd¢i jeho

198 tak naopak u schizofrenie kognitivni deficit

vyrazné zlepSeni po odeznéni samotné deprese
byva pritomen relativné dlouho pfed samotnou manifestaci prvnich psychotickych pfiznakd,
V inicialni fazi byva nejvyrazngjsi a patii k zdkladnim projeviim a charakteristikdm tohoto
onemocnéni, je relativné stabilni v Case anezavisi natstupu jinych piiznakd tohoto

zavazného onemocnéni 20110,

Na Psychiatrické klinice v Brn¢ jsme se pokusili pfispét také k objasnéni vlivu rTMS
na kognitivni funkce U pacient Se schizofrenii standardné 1écenych antipsychotickou
medikaci. Aplikace vysokofrekvenéni rTMS nadlevy DLPFC vedla ke staticky
signifikantnimu Ustupu negativnich a vSeobecnych schizofrennich pfiznakd, doslo
také ke zlepSeni urCitych kognitivnich  parametrti — vizuomotoriky, slovni plynulosti
a verbalni paméti. ZlepSeni kognitivnich domén v pribéhu 1écby pomoci rTMS nebylo vSak
spojeno se soucasnym ustupem negativni schizofrenni symptomatologie. Vysledky nasi studie
tedy prokazali statisticky signifikantni zlepSeni jistych kognitivnich domén, ale klinicky efekt

této zmeény se vsak nezdal byt piili§ vyznamnym, coz je v souladu s nalezy podobnych studii.

V dal§im vyzkumu jsme se zaméfili na zjisténi, zda vysokofrekvenéni rTMS aplikovana
nad levym DLPFC bude mit pozitivni vliv konkrétné na pracovni pamét, ktera patii k jedné
z nejvice naruSenych domén u schizofrenie, a zda se tyto zmény odrazi v neuronalni aktivaci.
Béhem stimulac¢ni lécby doslo kjistému zlepSeni pracovni paméti, ale nebyl nalezen
statisticky vyznamny rozdil mezi aktivni a placebovou stimulaci, a také Groveil neuronalni

aktivace (mapovano pomoci funkéni magnetické rezonance) se béhem lécby rTMS nezménila.

Prikryl R, Ku€erova H, Navratilova P, etal. Ovlivnéni kognitivniho deficitu schizofrenie
pomoci repetitivni transkranialni magnetickou stimulaci. Ceska Slov Psychiatr. 2008; 104 (4):
161-166.
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PUVODNI PRACE

Ovlivnéni kognitivniho deficitu schizofrenie
repetitivni transkranialni magnetickou stimulaci

Piikryl R., Kuéerova H., Navratilova P., Kasparek T., Ustohal L., Venclikova S.,
Ceskova E., Vedefova M.

Psychiatricka klinika LF MU a FN, Brno,
prednostka prof. MUDr. E. Ceskova, CSec.

SOUHRN

Schizofrenie je onemocnéni charakterizované naruienim kognitivnich funkei jako jsou pamét, pozornost, exeku-
tivni funkce nebo psychomotoricky vykon. Vysokofrekvenéni rTMS ma aktivujici vliv na prefrontalni kortex, ale
také indukuje uvolnéni endogenniho dopaminu v ipsilateralnim nucleu caudatu, a tim facilituje dopaminergni
neurotransmisi v prefrontalnim kortexu. Do studie bylo zafazeno 11 nemocnych se schizofrenii. Nemocni byli
ponechani na dosavadni zavedené antipsychotické medikaci, ktera béhem stimulaéni 1é¢by nebyla nijak ménéna.
Stimulaéni 1ééba rTMS byla provadéna kazdy pracovni den, tedy 5x tydné, do celkového poétu 15 procedur. Vlast-
ni vykon rTMS byl definovan lokalizaci aplikace (levy dorzolateralni prefrontalni kortex), intenzitou magnetické
stimulace v % MP (110% MP), frekvenci stimulace (10 Hz), trvanim série pulzt (10 sec.), intervaly mezi sekven-
cemi (30 sec.) a celkovym poétem aplikovanych stimuli (1500). Pied a po 1é¢bé byla zavaznost psychopatologie
vyhodnocena pomoci PANSS, ve stejnou dobu bylo provedeno i neuropsychologické vysetieni. Léc¢ba rTMS vedla
k vyznamnému snizeni intenzity negativnich a véeobecnych schizofrennich piiznaku, zlepSeni vizuomotoriky, slov-
ni plynulosti a verbalni pameéti. ZlepSeni kognitivnich domén v prabéhu lééby rTMS nebylo vSak spojeno se sou-
¢asnym ustupem zavaznosti negativnich priznaka. Vysledky nasi studie sice prokazuji statisticky vyznamné ovliv-
néni uréitych domén kognitivniho deficitu schizofrenie, klinicky efekt této zmény se vSak nezda byt piilis
vyznamnym. Zjistény zaveér je v souladu s vétsinou dosud publikovanych zavéru piedchozich studii zabyvajicich
se danou tématikou.

Kli¢ova slova: kognitivni deficit, lé¢éba, negativni pfiznaky, rTMS, schizofrenie, stimulace.

SUMMARY

Piikryl R., Kuéerova H., Navratilova P., Kasparek T., Ustohal L., Venclikova S., Ceskova E.,
Vecéerova M.: Influencing Cognitive Deficit in Schizophrenia by Repetitive Transcranial
Magnetic Stimulation

Schizophrenia is an illness characterized by long-term impairment of cognitive functions such as memory, atten-
tion, executive functions or psychomotor performance. High-frequency rTMS has an activating effect on the pref-
rontal cortex, provoking also release of endogenous dopamine in the ipsilateral caudate nucleus, facilitating thus
dopaminergic neurotransmission in the prefrontal cortex. The study included 11 patients with schizophrenia. Pre-
vious antipsychotic medication was kept without any change throughout the stimulation treatment period. Sti-
mulation rTMS treatment was administered on all workdays, i.e. 5 times a week, up to the total of 15 sessions.
The rTMS treatment was defined by application site (left dorsolateral prefrontal cortex), intensity of magnetic sti-
mulation in 110 % of motor threshold, stimulation frequency (10 Hz), duration of the pulse series (10 sec), inter-
vals between sequences (30 sec) and the overall number of stimuli applied (1,500). Intensity of psychopathology
was assessed on the PANSS scale before and after therapy and a neuropsychological examination performed in
the same timing. Treatment with rTMS has led to a significant reduction of the intensity of both negative and gene-
ral symptoms of schizophrenia, an improvement of visuomotor performance, verbal fluency and verbal memory.
The improvement of these cognitive domains during rTMS therapy was however not associated with any simul-
taneous alleviation of negative symptoms. The findings of our study do provide evidence of a statistically signifi-
cant effect on some domains of the cognitive domains characterized by a cognitive deficit associated with schizoph-
renia, but the clinical effect of this change does not seem very prominent. The conclusion is consistent with
a majority of findings of previous studies dealing with these issues and published to date.

Key words: cognitive deficit, negative symptoms, rTMS, schizophrenia, stimulation, treatment.
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1. UvoD

Schizofrenie je onemocnéni charakterizované
narusenim kognitivnich funkei jako jsou pamét,
pozornost, exekutivni funkce nebo psychomotoric-
ky vykon. Tento kognitivni deficit se zda byt jader-
nym rysem schizofrenie. Vyskytuje se totiz
v mirnéjsi formé také u piibuznych prvniho fadu
nemocnych se schizofrenii a navic je nezavisly na
psychotickych piiznacich onemocnéni. Kognitivni
deficit se projevuje jiz na pocatku schizofrenie
a nékdy je dokonce mozné ho identifikovat
i v détstvi, tedy Fadu let pted rozvojem psychotic-
kych piiznakt. Praveé oproti psychotickym fenomé-
ntm onemocnéni, jejichz vyskyt je typicky epizodic-
ky, je kognitivni deficit pomérné stabilni. Sou¢asné
modely, které se snazi o moderni pojeti schizofre-
nie, jiz povazuji kognitivni deficit spole¢né se syn-
dromem desorganizace a negativnimi a pozitivnimi
ptiznaky za hlavni rysy schizofrenie [15, 30].

Teoretické zdivodnéni iéinnosti repetitivni tran-
skranialni magnetické stimulace (rTMS) v 1é¢bé
kognitivniho deficitu schizofrenie lze spatiovat
zejména ve skutecnosti, Ze negativni priznaky
a kognitivni deficit sdileji fadu spoleénych charak-
teristik. Uéinnost vysokofrekvenéni rTMS na nega-
tivni pfiznaky schizofrenie byla p¥itom jiz opako-
vaneé ovétena [26]. Zavaznost negativnich priznakt
navic pozitivné koreluje s mirou kognitivniho defi-
citu u nemocnych se schizofrenii. Negativni prizna-
ky jsou také nékterymi autory povazovany za
dusledek zakladniho kognitivniho deficitu, ktery se
projevuje na urovni chovani [2, 5]. Navic se zda, ze
mohou mit spole¢nou ¢i alesponn podobnou etiopa-
togenezi. Vétsina funkénich neurozobrazovacich
studii naléza neuronélni korelat negativnich pti-
znaku a kognitivniho deficitu schizofrenie, zejmé-
na potom pracovni paméti, exekutivnich funkei ¢i
pozornosti, v narusené funkci dorzolateralniho pre-
frontalniho kortexu [4], pfipadné medialniho pre-
frontalniho kortexu [8]. Také deficit dopaminergni
neurotransmise prefrontdlniho kortexu, jehoz
nasledkem dochéazi k naruseni pfenosu signalu
diky dysfunkénim, up-regulovanym dopaminovym
Dq receptortim, je povazovan za pravdépodobny eti-
opatogeneticky podklad negativnich pi¥iznaka
a kognitivniho deficitu schizofrenie [1, 19, 35].

Vysokofrekvenéni rTMS ma aktivujici vliv na
prefrontalni kortex, ale také indukuje uvolnéni
endogenniho dopaminu v ipsilateralnim nucleu
caudatu, a tim facilituje dopaminergni neurotrans-
misi v prefrontalnim kortexu [3, 25, 32, 33]. Vysoko-
frekvenéni (10 Hz) rTMS dorzolateralniho prefron-
talniho kortexu vedla také k prodlouzeni amplitudy
viny P300, ktera odrazi kognitivni procesy jako jsou
rozdéleni pozornosti ¢ kratkodoba pamét na slu-
chové podnéty [21, 36]. Tato fakta lze snad s uréitou
mirou opatrnosti pokladat za teoreticky podklad,
na zakladé kterého by bylo mozné ocekavat téin-
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nost vysokofrekvenéni rTMS, aplikované nad oblas-
ti levého prefrontalniho kortexu, na kognitivni defi-
cit schizofrenie.

Literarnich podkladi, zda rTMS néjakym zptso-
bem ovliviiuje kognitivni deficit schizofrenie, je vel-
mi mélo. Lze vychazet pouze z péti studii, jejichz
hlavnim cilem bylo ovSem zejména ovérit u¢innost
rTMS v 1é¢bé negativnich pfiznaka schizofrenie
a kognitivni funkce byly hodnoceny spise v ramci
druhotnych dkolt téchto studii [7, 16, 24, 28, 29].
Hlavnim zajmem vyzkumu nebyl navic ani tak pro-
kognitivni efekt rTMS jako spise odpovéd na otaz-
ku, zda rTMS nenarusuje kognitivni funkce. Navic
baterie pouzitych neuropsychologickych testt neby-
ly optiméalné slozeny, takze nebyly schopny posoudit
vsechny podstatné domény kognitivniho deficitu.
V jednom piipadé byl dokonce pouzit k hodnoceni
zmén kognitivniho deficitu test MMSE (Mini-Men-
tal State Examination), coz je ovSem screeningovy
test demence a pro hodnoceni kognitivniho deficitu
schizofrenie je zcela nevhodny [16]. Jedinou studii,
ktera se dosud zabyvala piimym ovlivnénim kogni-
tivniho deficitu schizofrenie pomoci r'TMS, byla pra-
ce Mohra a spolupracovniki, kteii se oproti pired-
chozim studiim primarné nezamétovali na
ovlivnéni schizofrennich priznaku, ale pouze srov-
navali ptipadny prokognitivni efekt rTMS, oproti
efektivité pocitacové rehabilitaci kognitivniho defi-
citu schizofrenie [23].

Studie zaméiené na ovlivnéni kognitivniho defi-
citu schizofrenie pomoci vysokofrekvenéni rTMS
aplikovanou nad oblasti levého dorzolateralniho
prefrontalniho kortexu, neprokazaly ve vétsiné pii-
padu pozitivni efekt na kognitivni funkce [16, 23,
24, 29]. Pouze oteviena pilotni studie nalezla zlep-
Seni kognitivnich funkei v prabéhu stimulacni 1é¢-
by, ovéem pouze doména paméti dosahla statistické
vyznamnosti [7]. Naopak jednoduse zaslepen4, pla-
cebovou ,sham® stimulaci kontrolovana studie
popsala u skute¢né stimulace pouze trend ke zmir-
néni kognitivniho deficitu, ale bez statistického roz-
dilu mezi skute¢nou a neti¢innou ,sham* stimulaci
[28]. Na rozdil od kognitivniho deficitu u deprese se
tedy zd4, ze rTMS nema dostateény potencial ovliv-
novat kognitivni deficit schizofrenie. Vysvétleni
muzeme pravdépodobné spatiovat v rozdilné piici-
né kognitivnich deficiti deprese a schizofrenie.
Zatimco u deprese je kognitivni deficit spise sekun-
darni a je z velké miry podminén zakladnimi pii-
znaky depresivniho syndromu, o ¢emz svéd¢i zejmé-
na jeho vyrazné zlepseni po odeznéni deprese [22],
u schizofrenie je kognitivni deficit zakladnim, jader-
nym projevem onemocnéni, ktery mneodezni
s ustupem jinych schizofrennich piiznaku [10, 11,
20]. Nicméné na zéakladé dosud publikovanych stu-
dii nelze jednoznacné tvrdit, Ze vysokofrekvenéni
rTMS je zcela netuc¢inna v ovlivnéni kognitivniho
deficitu schizofrenie, protoze se touto problemati-
kou dosud zabyvalo jen malo autort ve studiich
s pomérné malym poétem zafazenych nemocnych
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a kognitivni funkce nebyly vzdy vySetfovany pomo-
ci komplexni baterie neuropsychologickych testt.

Cilem nasi pilotni otevirené studie bylo proto ové-
¥it, zda augmentace antipsychotik vysokofrekvenc-
ni stimulaci levého prefrontalniho kortexu rTMS
méa potencial priznivé ovlivnit kognitivni deficit
schizofrenie.

2. METODIKA

2.1 Charakteristika zkoumaného souboru

Studie byl navrzena jako oteviena, naturalistic-
k&, prospektivni studie. Byli do ni zafazeni muzi
prijati k hospitalizaci na Psychiatrické Kklinice
Lékaiské fakulty Masarykovy univerzity
a Fakultni nemocnice v Brné splnujici kritéria pro
schizofrenii (F20) dle Mezinarodni klasifikace
nemoci, 10. revize (MKN-10), diagnosticka kritéria
pro vyzkum, a kte#i byli dlouhodobé (minimalné po
dobu 6 tydnu) stabilizovani na antipsychotické
medikaci, nebyla u nich p¥itomna pozitivni schizo-
frenni symptomatologie a jina psychiatricka komor-
bidita (poruchy nalad, uzkostné poruchy, poruchy
osobnosti apod.). Diagnéza byla ovéfena dvéma na
sobé nezavislymi psychiatry. Vék zatazenych
nemocnych byl v rozmezi 18 az 60 let. Do studie
nebyli zatazeni pacienti, u kterych se v minulosti
vyskytovalo ¢i v soucasnosti je pfitomno neurolo-
gické onemocnéni (véetné epilepsie ¢i abnormniho
EEG zaznamu), kardiovaskularni, cerebrovaskular-
ni, endokrinni, systémové autoimunitni, abusus
psychoaktivnich latek, véetné zavislosti na alkoho-
lu nebo akutni riziko suicidia. V§ichni zafazeni
pacienti podepsali informovany souhlas. Studie
byla schvéalena mistni etickou komisi a spliiuje pod-
minky Helsinské deklarace lidskych prav.

2.2 Schéma lééby a neuropsychologického
vysetireni zkoumaného souboru

Nemocni byli ponechani na dosavadni zavedené
antipsychotické medikaci, ktera béhem stimulaéni
1é¢by nebyla nijak ménéna. Stimulaéni 1é¢ba rTMS
byla provadéna kazdy pracovni den, tedy 5x tydné,
do celkového poctu 15 procedur.

Za ucelem zmapovani kognitivniho deficitu pod-
stoupili v§ichni pacienti neuropsychologické vyset-
Feni, které zahrnovalo Sirokou skalu testt méricich
kognitivni funkce. Neuropsychologické vysetieni
probihalo za standardizovanych podminek v klid-
ném a tichém prostiedi. Administrace neuropsycho-
logickych testti a vySetieni kognitivnich funkeci
trvalo primérné dvé hodiny.

Byly testovany vSechny podstatné domény kogni-
tivnich funkei: pamét, pozornost, exekutivni funkce,
psychomotorické tempo, vizuomotorika a slovni ply-
nulost. Pracovni pamét byla hodnocena Pamétovym
testem uceni — bezprostiednim vybavenim, dlouho-
doba pamét, potom Pamétovym testem ucéeni —
oddalenym vybavenim po 30 minutach. Globalni

pozornost, jeji selektivita i distribuce byly vysetie-
ny Testem cesty verzi A i B. Test cesty verze A byl
bran jako méritko psychomotorického tempa. Exe-
kutivni funkce byly posouzeny Wisconsinskym tes-
tem t¥idéni karet. Slovni plynulost byla zmapovana
Testem verbalni fluence, vizuomotorika kopii
a reprodukci Rey-Osterriethovy komplexni figury,
respektive Figurou Taylorové.

Vysetieni kognitivnich funkei probihalo v nasledu-
jicim poradi: Test cesty verzi A i B (Trail Making
Test), Pamétovy test uéeni — bezprostiedni vybaveni,
Rey-Osterriethova komplexni figura — kopie, Test
slovni plynulosti (Verbal Fluency Test), Rey-Osterri-
ethova komplexni figura - reprodukce, Pamétovy test
uceni - oddalené vybaveni po 30 minutach, Wiscon-
sinsky test tiidéni karet (Wisconsin Card Sorting
Test). Pii kontrolnim vysetieni po ukonéeni stimulaé-
ni 1é¢ébé byla pouzita alternativni verze Rey-Osterri-
ethovy komplexni figury (Figura Taylorové).

2.3 Metodika provadéni rTMS

Aplikace rTMS zacinala stanovenim motorického
prahu pacienta a zaméfenim mista stimulace.
Motoricky prah (MP) byl registrovan pomoci elekt-
romyografu (EMG) na musculus abductor pollicis
brevis lat. dx. Stanoveni MP bylo definovano jako
impulzt povede k nejméné 5 motorickym potencia-
Ttim o velikosti amplitudy miniméalné 50 mV. Vlast-
ni vykon rTMS byl definovan lokalizaci aplikace
(levy dorzolateralni prefrontalni kortex: misto 5 cm
rostralné od mista motorického kortexu, kde byl
registrovan MP), intenzitou magnetické stimulace
v % MP (110% MP), frekvenci stimulace (10 Hz),
trvanim série pulza (10 sec.), intervaly mezi
sekvencemi (30 sec.) a celkovym poétem aplikova-
nych stimuld (1500). Béhem celé aplikace byl sledo-
van klinicky stav a technické adaje aplikace, vcet-
né teploty stimulaéni civky. P#i dodrzovani
bezpeénostniho protokolu aplikace je riziko kompli-
kaci zanedbatelné. Ke stimulaci byl pouzit ptistroj
Magstim Super Rapid, pro zhodnoceni motorické-
ho prahu EMG MedelecSynergy.

2.4 Analyza dat

Pro analyzu dat byl pouzit statisticky program
HStatistica® (StatSoft, Inc. (2001). STATISTICA Cz
[Softwarovy systém na analyzu dat], verze 7.1) [31].
Statisticka analyza vychéazela z popisné statistiky
a neparametrickych statistickych metod vzhledem
k nenormalnimu rozloZeni nasich dat. Rozlozeni dat
bylo testovano pomoci Kolmogorov — Smirnov Test
a jelikoz pfedpoklady nezbytné pro normalni rozlo-
zeni dat nebyly naplnény, byly pro statistickou ana-
lyzu pouzity vyhradné neparametrické testy. Pri-
béhové zmény byly hodnoceny pomoci Wilcoxon
Matched Pairs Test, vzdjemné souvislosti byly
posouzeny pomoci Spearmanovych korelaci. Korek-
ce mnohocetného testovani byla provedena pomoci
Bonferroniho testu.
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3. VYSLEDKY

3.1 Charakteristika souboru

Do studie bylo =zafazeno 11 nemocnych
o prumérném véku 31,36 let (SD=8,43), vzdélani
dané poctem let absolvované Skolni dochazky
v pruméru 11,72 let (SD=0,91) a pramérném trva-
nim nemoci 5,27 let (SD=5,87). U 9 z nich byla dia-
gnostikovana paranoidni schizofrenie (F 20.0),
u jednoho nediferencovana schizofrenie (F 20.3)
a u jednoho nemocného simplexni schizofrenie (F
20.6). Nemocni byli 1é¢eni témito antipsychotiky: 5x
olanzapinem, 4x risperidonem, 1x sulpiridem a 1x
quetiapinem. Prumérna denni davka antipsychotik
byla 217,73 mg (SD=216,92) chlorpromazinovych
ekvivalentt. Toxikologické vySetieni moci na can-
nabis, amfetaminy a opioidy bylo u v8ech nemoc-
nych negativni. V§ichni nemocni absolvovali 1é¢bu
r'TMS bez komplikaci.

3.2 Charakteristika profilu a zmény
kognitivnich funkci béhem 1ééby rTMS

Priamérné skoéry neuropsychologickych testa
pied a po rTMS jsou zobrazeny v tabulce 1.

V prabéhu lécby rTMS doslo ke statisticky
vyznamnému zlepSeni parametru reprodukce
v Rey-Osterriethové komplexni figuie (p=0,01)
a v Testu slovni plynulosti (p=0,04). Tyto vysledky
ukazuji na zlepsSeni kognitivnich domén vizuomo-
toriky, slovni plynulosti a verbalni paméti. Zjistény
rozdil vSsak nedosahl velikosti pul standardni
odchylky, coz je minimalni mira zmény, ktera je

povazovana za vyznamnou i z klinického hlediska.
Ve zbyvajicich neuropsychologickych testech statis-
ticky vyznamné zmény nalezeny nebyly.

Pii vstupnim neuropsychologickém vysetieni
pied zahajenim lécby rTMS byla nalezena statis-
ticky vyznamna korelace mezi poc¢tem zkom-
pletovanych kategorii WCST (r=-0,85; p=0,05; Spe-
armanova korelace), procentem perseverativnich
odpovédi WCST (r=-0,78; p=0,05; Spearmanova
korelace), procentem perseverativnich chyb WCST
(r=-0,76; p=0,05, Spearmanova korelace) a denni
davkou antipsychotik podavané v dobé neuropsy-
chologického vysetieni, ta vSak po Bonferroniho
korekei ztratila na statistické vyznamnosti.
U jinych neuropsychologickych testt, at jiz pied
zahajenim ¢i po ukonéeni 1ééby rTMS, nebyla nale-
zena statisticky vyznamna korelace mezi kognitiv-
nim vykonem a denni davkou antipsychotik poda-
vané v dobé neuropsychologického vysetieni.

4. DISKUSE

Hlavnim cilem nasi studie bylo zjisténi, zda vyso-
kofrekvenéni stimulace levého prefrontalniho kor-
texu pomoci rTMS ma dostateény potencial ovliv-
nit kognitivni deficit schizofrenie. Lécba rTMS
vedla ke zlepSeni vizuomotoriky, slovni plynulosti
a verbalni paméti. Vysledky nasi studie sice proka-
zuji statisticky vyznamné ovlivnéni urc¢itych domén
kognitivniho deficitu schizofrenie, klinicky efekt
této zmény se vsak nezda byt piili§ vyznamnym.
Zjistény zavér je v souladu s vétsinou dosud publi-

Tab.1. Primérné skory neuropsychologickych testi pied a po r'TMS.

Neuropsychologicky test Pred léébou rTMS Po 1éébé rTMS Statistické srovnani*
Pramér S.D. Prameér S.D. Z 2
Test cesty: verze A (steny) 5,00 1,73 5,46 1,29 0,32 0,75
Test cesty: verze A (pocet chyb) 0,27 0,47 0,09 0,30 0,71 0,48
Test cesty: verze B (steny) 6,18 1,17 6,36 0,92 0,37 0,72
Test cesty: verze B (pocet chyb) 0,09 0,30 0,27 0,65 0,80 0,42
R 44,73 13,87 48,09 14,16 0,82 0,42
(suma indexu 1-5)
Pamétovy test uéeni (index B) 5,36 2,77 6,00 2,61 1,68 0,09
Pamétovy test uéeni (index 6) 8,00 4,36 9,60 4,99 1,10 0,27
Pamctavy teskutent. 8,82 4,69 955 4,95 0,17 0,87
(vybavnost po 30 minutach)
R-O komplexni figura (kopie) 31,18 3,03 30,55 4,82 0,18 0,86
R-O komplexni figura (reprodukee) | 19,59 6,65 23,82 6,81 2,50 0,01
Test slovni plynulosti 39,91 16,98 46,27 14,49 2,05 0,04
Pocet zkompletovanych .
kategorii WOST 5,36 1,80 4,36 2,62 1,28 0,20
Procento perseverativnich ox o .
odpovédi WCST 110,91 24,22 112,73 30,41 0,21 0,83
Procento perseverativnich
chyb WCST 108,73 22,68 106,82 40,82 0,28 0,78
Froveato keneeptuslalch 106,00 19,56 103,64 26,14 041 0,68
odpovédi WCST 2 2 ! ’ 2 2

* Wilcoxon Matched Pairs Test: porovnani prumérnych skori neuropsychologickych testi pred a po 1écébé rTMS.
R-O komplexni figura: Rey-Osterriethova komplexni figura; WCST: Wisconsinsky test tridéni karet.
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kovanych zavéra predchozich studii zabyvajicich se
danou tématikou [16, 23, 24, 28, 29].

Vyjimku tvoii pouze pilotni oteviena studie
Cohena, ktera dospéla k zavéru, ze vysokofrekvenc-
ni (20 Hz) stimulace levého prefrontalniho kortexu
vede ke zlepSeni kognitivnich funkeci, i kdyz pouze
doména paméti dosahla statistické vyznamnosti
[7]. P¥i interpretaci vysledkt je nutné si uvédomit,
Ze se jednalo o otevienou studii s pomérné nizkym
poétem zatrazenych nemocnych (pouze Sest), ale
zejména pri kontrolnim vySetfeni kognitivnich
funkci nebyly uzity alternativni verze neuropsycho-
logickych testi. Nelze tedy vyloucit, Ze mira zlep-
Seni v kognitivnim vykonu byla dana pouze efek-
tem zacviku v danych neuropsychologickych
testech.

S nasimi vysledky podobné zkuSenosti prezentu-
je naopak Rollnik, ktery ve své zaslepené, placebo-
vou stimulaci kontrolované studii prokazal, ze
skute¢nd, vysokofrekvenéni rTMS levého prefron-
talniho kortexu vede ke zlepseni kognitivniho vyko-
nu, zatimeco ,sham“ stimulace jej naopak narusuje.
Ovsem rozdily mezi pfipadnym kognitivnim efek-
tem aktivni a placebové rTMS nedosahly statistic-
kého vyznamu [28]. Nelze tedy jednoznacéné konsta-
tovat, ze vysokofrekvenéni rTMS ma pozitivni vliv
na kognitivni deficit schizofrenie.

Nasledné publikované studie jiz shodné nepro-
kazuji zadny vliv vysokofrekvencni ¥*TMS aplikova-
né nad oblasti levého prefrontalniho kortexu na
kognitivni deficit schizofrenie. Zatimco studie Holi-
ho pouzila pouze hrubé a orienta¢ni hodnoceni kog-
nitivnich funkei formou MMSE [16], v ostatnich
studiich byl kognitivni deficit jiZ mapovan pomérné
obsahlymi bateriemi neuropsychologickych testa
[23, 24, 29]. Efekt rTMS na kognitivni deficit schi-
zofrenie nebyl prokazan at jiz pti sou¢asném poda-
vani antipsychotik nebo pi#i paralelné probihajici
kognitivni rehabilitaci kognitivnich funkei poéita-
¢ovym programem.

Lécba rTMS vedla v nasi studii ke zlepseni vi-
zuomotoriky, slovni plynulosti a verbalni paméti.
Zlepseni vizuomotoriky bylo jiz prokazéano piedcho-
zi studii [28]. Neurobiologickym korelatem verbal-
ni paméti a slovni plynulosti je navic levy dorzola-
teralni prefrontalni kortex, tedy oblast mozku, na
kterou je primarné cilena rTMS [4]. Kognitivni
vykon pfitom pomérné tizce souvisi s mirou neuro-
nalni aktivace kortexu. Pri znalosti, Ze vysokofrek-
venéni rTMS ma4 aktivujici vliv zejména na ty neu-
rony kortexu, které jsou umistény p¥imo ve
stimulované oblasti, 1ze teoreticky vysvétlit mozny
pozitivni tc¢inek stimulace na tyto kognitivni domé-
ny. Pozitivni efekt vysokofrekvencéni rTMS, apliko-
vané nad oblasti levého prefrontalniho kortexu na
slovni plynulosti, je popisovan také ve studiich, kte-
ré se zabyvaly ovlivnénim kognitivniho deficitu
deprese [9, 34].

Na vysledky nasi prace je nezbytné nahlizet opti-
kou sily nezaslepené studie. Jsme si védomi Fady

metodologickych nedostatki, zejména rizika zacvi-
ku v neuropsychologickych testech pii kontrolnim
testovani, kdy ne u v8ech testd byly pouzity alter-
nativni verze. Vysledky nasi pilotni studie by mély
slouzit zejména jako podklad pro metodicky propra-
covangéjsi, dvojité zaslepené sledovani. Pridani vét-
ve placebové stimulace pomiize odlisit skute¢ny 1uéi-
nek rTMS od piidatného efektu doprovazejici tuto
techniku, ale také pomuze vytesit problematiku
zacviku v neuropsychologickych testech.

Vysokofrekvenéni stimulace prefrontalniho kor-
texu vede k ustupu negativnich priznaku schizo-
frenie [26, 27]. Soucasné ovlivnéni kognitivniho
deficitu je ovSsem méné jasné. Do budoucnosti se jevi
jako podstatné, zda dosavadni, pilotni vysledky
budou potvrzeny dvojité zaslepenymi studiemi
s vétsim poctem zafazenych pacienti. Dale by bylo
vhodné standardizovat doprovodnou antipsychotic-
kou medikace a jeji davky. Neni totiz vylouceno, Ze
rTMS kombinovana s uréitou skupinou antipsycho-
tik muze vykazovat odliSnou téinnost nez pii kom-
binaci s jinym druhem antipsychotik. Dulezitym
aspektem placebovych, dvojité zaslepenych studii
zustava mechanismus zaslepeni. Jako optimalni se
jevi do budoucna uziti net¢inné, stimulaé¢ni civky,
protoze jen tak je zajisténo skute¢né zaslepeni ze
strany nemocného. Dulezitym se také jevi srovnani
miry tcinnosti rTMS s bézné uzivanymi farmakolo-
gickymi postupy [13]. Dostate¢né ué¢inné ovlivnéni
negativnich priznaki a kognitivniho deficitu schi-
zofrenie predstavuje tedy i nadale vyzvu pro sou-
¢asnou moderni psychiatrii.

Tato prace byla podporena vyzkumnym zamérem
Ministerstva Skolstvi, mladeze a télovychovy CR
MSM0021622404.
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Abstract OBJECTIVE: The objective of the study was to find out whether, under the condi-

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

RESULTS: Stimulation treatment led to a reduction of seriousness of negative
schizophrenia symptoms in both comparative groups. However, mutual com-
parison of real (n=19) and sham (n=11) rTMS, respectively, has shown that the
effect of real rTMS was statistically significantly higher compared with placebo
stimulation. During stimulation treatment an improvement in working memory
performance was also found. No statistically significant difference between the
real and placebo sham rTMS, respectively, was established. The rate of neuronal
activation did not change at all during rTMS treatment.

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

To cite this article: Neuroendocrinol Lett 2012;33(1):101-108
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INTRODUCTION

Repetitive transcranial magnetic stimulation (rTMS)
represents a promising therapeutic method for influ-
encing negative symptoms of schizophrenia, thanks to
its unique ability to modulate the neuronal activity of
the cortical cerebral areas and neuronal spheres that
are included in the pathophysiology of schizophrenia,
both directly and indirectly by means of trans-synaptic
transfer (Prikryl et al. 2011a;b). During treatment of
negative schizophrenia symptoms the high-frequency
(10Hz) rTMS over the left dorsolateral prefrontal
cortex (DLPFC) area has been proven to be particularly
useful (Dlabac et al. 2010). The hypofunction of the left
DLPFC is simultaneously considered a neuronal corre-
late of several cognitive deficit domains in schizophre-
nia, e.g. working memory, verbal fluency and executive
functions (Lui ef al. 2010; Dusek et al. 2011). While it is
known that high frequency rTMS over the left DLPFC
area is able to modify hypofrontality, its effect on cogni-
tive functions remains ambiguous (Guse ef al. 2010).

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

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

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

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

Copyright © 2012 Neuroendocrinology Letters ISSN0172-780X - www.nel.edu
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influences regional blood flow through the brain. In
patients treated with real rTMS more sizable decrease
in negative schizophrenia symptoms occurred in com-
parison with placebo stimulation, however, the SPECT
data analysis did not reveal any significant changes in
the regional cerebral perfusion connected with real or
placebo stimulation (Hajak et al. 2004).

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

METHODS

Group parameters

The evaluated group included 30 patients (males)
who were admitted to hospital, due to schizophrenia,
at the Psychiatric clinic of the Faculty of Medicine
of Masaryk University and Faculty Hospital in Brno,
Czech Republic. Only those patients who fulfilled the
criteria for schizophrenia (F20) according to the Inter-
national Classification of Diseases, revision 10 (ICD-
10) and diagnostic research criteria and who were
stabilized long-term (for at least 6 weeks) on antipsy-
chotics, with significant negative symptoms without
other psychiatric comorbidity such as mood, anxiety
or personality disorders and had no contraindications
to magnetic resonance examination were included in
the study. The diagnosis was verified by two indepen-
dent experienced psychiatrists. The age of the enrolled
patients ranged from 18 to 60 years. Patients who had
a neurological disease (including epilepsy or an abnor-
mal EEG record), cardiovascular, cerebrovascular,
endocrinal, systemic autoimmune disease, psychoac-
tive drug abuse including alcohol or acute risk of sui-
cide at screening or in the past were not included in the
study. Absence of psychoactive drug abuse was verified
using a toxicology examination of urine for cannabis,
amphetamines and opioids. Only those patients who
signed an informed consent document and who had no
contraindication for rTMS were included in the study.
The study was approved by the local ethics committee
and complies with the requirements of the Declaration
of Helsinki.

Study procedures and treatment design

The evaluated group was divided in two subgroups
using a random number generator. The first subgroup
(19 patients) received real rTMS and the second sub-

Repetitive transcranial magnetic stimulation and neuronal activation

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

Method of performance of rTMS

The rTMS treatment commenced with determination
of the patient’s motor threshold (MT) and localization
of the site of stimulation. Motor threshold is determined
using the electromyograph (EMG) in the musculus
abductor pollicis brevis l. dx. Determination of MP is
defined as the lowest stimulation activity that causes
at least 5 motor potentials with an amplitude at least
50mV in 10 single impulses. The actual performance
of rTMS is defined by the location of application (left
dorsolateral prefrontal cortex), intensity of magnetic
stimulation in % of MP (110% of MT), stimulation fre-
quency (10 Hz), duration of impulse series (10s), inter-
val between sequences (30 s) and the total number of
applied stimuli (1500). The clinical status and techni-
cal data of the application including temperature of the
stimulation coil were observed over the whole applica-
tion. The Magstim Super Rapid stimulation device was
used for r'TMS, and EMG MedelecSynergy was used for
evaluation of the motor threshold. Sham stimulation
was carried out in a similar manner by using a sham
coil system without induction of a magnetic field. The
sham procedure elicited no tactile sensation at the site
of stimulation and guaranteed that no substantial corti-
cal stimulation occurred.

Method of fMRI investigation: VFT activation task

A silent phonemic verbal fluency task (VFT) was used
as a language paradigm. We used a block design, with
active tasks alternating with periods of rest. Active as
well as control blocks lasted 32 seconds. Five blocks
of each condition were performed. In the active block,
subjects silently generated as many words as possible,
beginning with one of the following letters, O, K, BN, I,
that had been presented to them visually through a data
projector during the whole active period. During the
rest periods (indicated by three asterisks “**’) subjects
simply relaxed. After scanning, subjects were asked
whether they had performed the task successfully. All
subjects reported that they generated words for all pre-
sented letters.
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Method of fMRI investigation: acquisition parameters

Imaging was performed on a 1.5 T MR scanner (Sie-
mens Symphony - Erlangen, Germany) equipped with
a Numaris 4 System (MRease). Each subject underwent
the same fMRI examination twice - before and after
rTMS. The functional images were acquired using a
gradient echo, echoplannar (EPI) sequence with the fol-
lowing parameters: TR (scan repeat time) = 4520ms,
TE=40ms, FOV=220mm, flip angle 90°, matrix size
64 x 64, slice thickness 3.5mm, 32 transversal slices
per scamn, 71 scans per each functional measurement
(7 scans per each block and one dummy scan at the
beginning of acquisition). High-resolution anatomical
T1-weighted images, which served as a matrix for the
functional imaging, were acquired using a 3D sequence
with the parameters: TR=1700ms, TE=3.96ms,
FOV=246 mm, flip angle 15°, resolution 256 x 256 resa-
mpled to 512 x 512, slice thickness 1.17 mm, 160 sagittal
slices. The subjects were instructed to remain still while
in the scanner.

Method of fMRI data siatistical analysis

The data was analyzed using SPMS5 software (Fumnc-
tional Imaging Laboratory, the Wellcome Department
of Imaging Neuroscience, Institute of Neurology at Uni-
versity College London, UK) running under Matlab 7.6
(Mathworks Inc., USA). The following pre-processing
was applied to each subject’s time series of fMRI scans:
realignment and unwarping of functional scans to cor-
rect for head movement; normalization to fit into a
standard anatomical space (MNI), and spatial smooth-
ing using a Gaussian filter with a FWHM of 8 mm. The
vozxel size generated from the above acquisition param-
eters was resampled to 3x3x3mm. To determine the
brain regions that showed significant activation with
respect to active periods, a General Linear Model (GLM)
as implemented in the SPM5 was used. The experi-
mental stimulation time-course was convolved with a
canonical hemodynamic response function. A high-
pass filter with a cut-off at 128 s and an autoregressive
model to estimate serial correlations were used within
the GLM. The movement parameters obtained during
realignment were used as nuisance variables (regressors
of no interest) in the design matrix. Statistical para-
metric maps with t-statistics were computed to assess
the effects of activation (BOLD signal increase) with
respect to the active condition. Corresponding contrast
files were carried out in the second-level analyses. We
used a random-effect analysis as implemented in the
SPM5 to assess the effect of real ¥TMS. This was per-
formed using a flexible factorial design (ANOVA) with
three factors - subject, group, and condition. The group
factor indicated the presence to group with real or sham
rTMS. The condition factor indicated whether the
functional measurement was performed before or after
rTMS. These factors, interaction group x condition, and
the covariate (behavioral VFT) were used in the design
matrix. We were interested in the effect of interaction.

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

RESULTS

Characieristics of the evaluated group

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

Demographic daia of the real rTMS group

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

Demographic data of the sham r'TMS group

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

Comparison of demographic data of real and sham rTMS
groups

No statistically significant differences were found
between the demographic data of the two groups of
patients (see Table 1).

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

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

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

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

Comparison of the size of ongoing changes of the work-
ing memory and the clinical staius between the real and
sham r'TMS groups

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

Comparison of the size of ongoing changes of the neuro-
nal activations between the real and sham r'TMS groups

Figure 1 shows patterns of neuronal activations before
and after stimulation treatment in the real and sham
rTMS group. When VFT was burdened by the cogni-

Repetitive transcranial magnetic stimulation and neuronal activation

tive paradigm, the neuronal areas of the frontal cin-
gulum were activated (Brodmann area 24) and the left
DLPFC cortex (Brodmann area 9 and 46). No statisti-
cally significant differences in the neuronal activation
size during rTMS treatment neither in real nor in sham
rTMS groups were found.

DISCUSSION

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

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

Real rTMS Sham rTMS Statistical comparison”
Mean S.D. Mean S.D. Z p-value
Age {years) 3047 9.19 34.55 10.57 0.97 0.33
Education {number of years) 10.63 252 11.09 1.51 1.21 0.23
Duration of schizophrenia {years) 4.05 1.51 418 1.89 0.09 093
Daily dose of antipsychotics (in mg CHLO EQ.) 328.95 143.44 304.55 140.01 0.37 0.72
* Mann-Whitney U Test
Tab. 2. Mean scores of the VFT and PANSS before and after rTMS in the real rTMS group.
Scale Before rTMS After rTMS Statistical comparison”
Mean S.D. Mean S.D. Z p-value
VFT 37.95 14.54 44,68 1478 2.96 0.01
Positive subscale PANSS 8.16 1.80 7.79 1.27 1.35 0.18
Negative subscale PANSS 23.16 511 16.26 5.79 3.72 0.01
General subscale PANSS 33.05 6.09 26.84 5.69 3.29 0.01
Total PANSS 64.37 9.70 50.89 1478 3.70 a.01

* Wilcoxon Matched Pairs Test: comparison of the scores before and after rTMS
VFT {Verbal Fluency Task}, PANSS (Positive and Negative Syndrome Scale)

Tab. 3. Mean scores of the VFT and PANSS before and after rTMS in the sham rTMS group.

Scale Before rTMS After rTMS Statistical comparison”
Mean S.D. Mean S.D. zZ p-value
VFT 37.82 9.68 43.82 11.39 2.27 0.02
Positive subscale PANSS 8.09 1.92 827 2.28 0.27 0.79
Negative subscale PANSS 22.09 4.18 21.36 4.08 0.94 0.34
General subscale PANSS 33.27 4.65 30.00 431 2.60 0.01
Total PANSS 63.45 9.22 59.63 8.10 1.99 0.05

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

and sham rTMS.

Real rTMS Sham rTMS Statistical comparison”

Mean (%) S.D. Mean (%) S.D. z p-value
VFT 21.80% 2466 16.89% 19.44 0.26 0.80
Positive subscale PANSS -3.09% 11.54 2.58% 16.01 -0.90 0.36
Negative subscale PANSS -30.25% 17.41 -2.66% 11.20 -3.83 0.01
General subscale PANSS -17.49% 16.48 -9.47% 9.15 -1.68 0.09
Total PANSS -20.32% 1291 -5.56% 8.86 -3.06 0.01

* Mann-Whitney U Test

VFT {Verbal Fluency Task}, PANSS (Positive and Negative Syndrome Scale}

Before rTMS

&

OO0

QOO

OO0

Fig. 1. Patterns of neuronal activations before and after stimulation
treatment in the real and sham rTMS group.

After rTMS

Real rTMS

Sham rTMS

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

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

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

The studies on healthy volunteers indicate an inter-
esting finding. Actually, the action of high frequency
rTMS over the left DLPFC led to a disruption of cogni-
tive performance in most studies. Exceptions are found
only in studies including young volunteers (Evers ef al.
2001; Huang ef al. 2005). It is interesting that the age
factor also plays an important role in the intensity of the
anti-depressive effect of rTMS (Figiel et al. 1998; Kozel
et al. 2000; Janicak ef al 2002). The generally higher
effect of *TMS is probably induced by higher flexibility
and adaptability of the neuronal network in young indi-
viduals. Since only young patients were included in our
population (the average age of the patients treated with
real rTMS was 30 and that of the patients treated with
placebo sham rTMS was 34), it can be expected that
this fact contributed to the positive impact of rTMS on
working memory.
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112



Conclusions from studies dealing with r¥TMS impact
on cognitive functions in treatment of the depressive
disorder have mainly observed that high frequency
rTMS, administered over the left DLPEC area, does not
lead to any disruption of cognitive functions. On the
contrary, a series of studies have shown improvement
of cognitive deficits during stimulation treatment. The
most considerable effect was reached mainly in param-
eters of memory/executive functions, which means in
cognitive domains whose important neurobiological
correlate is exactly dysfunction of the prefrontal cortex.
The rate of change of cognitive functions in most stud-
ies has been connected with the extent of the amti-
depressive effects of rTMS (Little ef al. 2000; O’Connor
et al. 2005), but this is not a rule (Speer ef al. 2001). It
may be rather expected that the improvement of cog-
nitive deficit in depressive disorder is more linked to
remission of depressive symptomatology than to pos-
sible specific procognitive effects of rTMS.

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

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

CONCLUSION

It can be concluded that we have not demonstrated any
positive impact of high frequency rTMS, administered
over the left DLPFC area, on working memory param-
eters and the respective changes of neuronal activation
detected by means of fMRI. However, we have con-

Repetitive transcranial magnetic stimulation and neuronal activation

firmed conclusions of previous works that considered
our selected stimulation parameters of rTMS effective
for treatment of negative schizophrenia symptoms
(Freitas et al. 2009; Dlabac et al. 2010). From the clinical
position, rTMS seems to be a very well tolerated neuro-
stimulation method for treatment of negative schizo-
phrenia symptoms from the point of view of the effect
on cognitive functions.
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7.3 Ovlivnéni nikotinismu pomoci rTMS u schizofrenie

Koufeni cigaret patii k jedné znejCastéjSich zavislosti. |kdyz dosSlo k poklesu uzivani
nikotinu diky rozsdhlym kampanim informujicich 0 zdravotnich disledcich zneuzivani
nikotinu, 1 pfes zvySujici Se cenu cigaret, zustava prevalence nikotinismu U nemocnych

_ : T : (111
zejména Se schizofrenii stale velmi vysoka .

Mezi nemocnymi schizofrenii je daleko vétsi vyskyt kuiakt (45-88%) neZ u zdravé populace
(zhruba 20%). Nemocni se schizofrenii se také snadnéji stavaji zavislymi na nikotinu. Néktefi
autofi to vysvétluji hlubsi inhalaci nikotinu a zejména geneticky podminénymi zménami

o, 2112,11
nikotinovych receptort*****2,

Nikotin stejné jako jiné ndvykové psychoaktivni latky aktivuje lidsky mezolimbicky systém
odmény (nucleus accumbens a prefrontalni cortex). Po vysazeni nikotinu Se snizi aktivita
v systétmu mozkové odmény, coz je spojeno se zvySenou touhou PO navykové latce.
Vysokofrekvenéni rTMS aplikovana nad oblasti levého prefrontalniho kortexu (PFC)
moduluje uvolnéni dopaminu v mezolimbickém a mezostriatdlnim systému mozku a zvysuje
koncentrace dopaminu v dorzalnim striatu a nucleu accumbens. Zavislost na psychoaktivnich
latkach je také spojena s narusenim behavioralnich procest, jako je nezodpovédné chovani,
impulzivita ¢i porucha inhibiéni kontroly. Jejich vyznamnym korelatem je PFC, jehoz
modulace miiZze toto dysfunkéni chovani ovlivnit. Tyto skutecnosti tvofi teoreticky podklad

pro vyuziti rTMS v 1é&b& poruch spojenych s dopaminergni dysfunkci, jako je zavislost™*,

Jelikoz vyzkumnych praci zabyvajicich se efektem rTMS na nikotinismus bylo velmi malo,
do studii bylo zafazovano velmi malo pacientti a v dosavadnich studiich nebyval hodnocen
ptipadny vztah mezi zménou schizofrenni psychopatologie a snizenim cravingu v prab&hu
1écby pomoci rTMS, navrhli jsme a provedli studii vlastni, kde hlavnim cilem bylo zjistit,
zda vysokofrekvenéni rTMS aplikovana nad levym DLPFC ma potencial snizit spotiebu
nikotinovych cigaret U pacientd Se schizofrenii. Ukazalo, ze FTMS ma potencial redukovat
spotfebu cigaret. Ve skuping s aktivni stimulaci doslo ke statisticky signifikantnimu poklesu
konzumace cigaret jiz od prvnich tydnd oproti skuping s placebovou stimulaci. V provedené
studii nebyly nalezeny zadné korelace mezi zménou afektivnich a schizofrennich pfiznaka

a zménou poctu vykoufenych cigaret.
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SOUHRN

. Ptikryl R, Sochorovid A, Pfikrylovi

Kuéerovi H, Kaspirek T, Vrzalovid M,
Cetkova E. Vliv repetitivni transkra-
nidlni magnetické stimnlace na nikoti-
nismus u schizofrenie: oteviend studie

Prevalence koufeni cigaret
u pacientil se schizofrenii se odhaduje

: v rozmezi 45 aZ 88%. Vysokofrekvené-

ni repetitivni transkranidlni magnetic-
ka stimulace (tTMS) nad oblasti levého
dorzolaterdlniho prefrontdlniho  kor-

. texu (DLPFC) sniZila spotfebu tabdku
' i miru cravingn u lidi zdvislych na niko-

tinu. U pacienti se schizofrenif zavislych
na nikotinovych cigaretach viak zatim

. systematicky zkouSena nebyla.

Cil studie: Cilem studie bylo proka-
zat, zda vysokofrekvenéni (10Hz) rTMS
nad oblasti levého DLPFC ma potenci-

4] sniZit spotfebu nikotinovych cigaret

u pacienti se schizofrenii.

Metodika: Do studie bylo zafazeno
18 pacientil se schizofrenii na stabilni
antipsychotické medikaci. Vlastni 1écba

. rTMS byla definovina mistem stimu-

lace (levy DLPC), intenzitou stimula-
ce (110% individudlntho motorického
prahu), frekvenci (10 Hz), dobou trvani
série pulzil (10 s), dobou mezi sériemi

| (30 s) a celkovym poctem stimula¢nich

sezeni (15). Béhem jednoho sezeni ob-
drZel pacient 2 000 stimulaénich pulzi,
v pribéhu celé 1é¢by potom tedy 30 000
pulziy Pacienti do pfedem ptipravenych
formulafi zapisovali poéet vykoufenych

SUMMARY

Prikryl R, Sochorovid A, Prikrylovi
Kucerovi H, Kaspirek T, Vrzalovd M,
Cetkova E. Effect of repetitive tran-
scranial magnetic stimuolation on nico-
tine smoking in schizophrenia: open
study

Introduction: The prevalence of nico-
tine cigarettes smoking in schizophrenia
patients is estimated in a range between
45 to 88%. High-frequency repeti-
tive transcranial magnetic stimulation
(rTMS) over the left dorsolateral pre-
frontal cortex {(DLPFC) decreased to-
bacco consumption and craving in nico-
tine dependent people. However rTMS
has not been used in this indication in
schizophrenia patients.

‘The aim of the study: The aim of our
study was to proved if high-frequency
(10Hz) r'TMS over the left DLPEC is able
to decrease nicotine cigarettes consump-
tion in schizophrenia patients.

Methods: There were 18 male schizo-
phrenia patients on stable antipsychotic
medication included to the study. The
actual performance of rTMS was defined
by the application location (left dorsolat-
eral prefrontal cortex: DLPFC), intensity
of magnetic stimulation in % of motor
threshold (110%), stimulation frequency
(10Hz), number of trains (20), single
train duration (10s), intertrain interval
(30s), and total number of stimulation
sessions {15). Thus in each stimulation
session 2 000 TMS pulses were given,
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niketinovych cigaret, a to po dobu 7 dntt
pred zahdjenim a po celon dobu stimu-
laéni 1é¢by (21 dni).

Vysledky: Spotfeba cigaret v priibéhu
stimulaéni 1é¢by se statisticky vyznamné
snizila, a to jiZ od druhého tydne stimu-
lace. Nebyly nalezeny statisticky vyznam-
né korelace mezi zménou schizofrennich
a afektivnich pfiznaki a zménou poétu
vykoufenych cigaret.

Zavér: Vysokoftekvenéni rTMS nad
oblasti levého DLPFC ma4 u pacientil se
schizofrenii potencidl sniZzovat poéet vy-
koufenych cigaret.

Kli¢ovd slova: kouteni, nikotin, repeti-
tivni transkranidlni magnetickd stimula-

with a total of 30 000 pulses per treat-
ment course. Patients wrote number of
smoked nicotine cigarettes seven days
before and during whole stimulation
treatment (21 days).

Resnlts: Nicotine cigarettes con-
sumphion was statistically significantly
decreasing during stimulation treat-
ment. It was evident from the second
week of stimulation. There were found
no statistically relevant correlations be-
tween the ongoing changes of negative
and depressive schizophrenia symptoms
and number smoked nicotine cigarettes.

Conclusion: The high-frequency
tTMS over the left DLPFC has got a po-
tential to decrease number of smoked

ce, rTMS, schizofrenie.

uvoD

Nikotin patf{ mezi jednu z nejvice zneuzivanych ndvy-
kovych litek. Navzdory poklesu uZivani niketinu diky
vieobecné informovanosti o zdravotnich rizicich a také
neustdle se zvySujici cené cigaret ziistdvd prevalence ni-
kotinismu stile vysoka, specidlné u pacientii s duSevnim
onemocnénim, zejména se schizofrenii!

Prevalence koufeni cigaret se u pacientt se schizofre-
nii odhaduje v rozmezi 45 aZ 88 %, coZ je mnohonasobné
vice nez u normalni zdravé populace, kde dosahuje zhru-
ba 20 %.? Pacienti se schizofrenii rovnéz extrahuji vétsi
mnoizstvi nikotinu z cigaret, maji vys$si hladiny jeho me-
tabolitd v krvi a snadnéji se stdvaji zdvislymi.’ MoZnym
vysvétlenim mohou byt kromé hlubéi inhalace nikotinu
i genetické odchylky ve struktufe nikotinovych recepto-
i u schizofrenie.? RovnéZ craving je vy$si u pacientii se
schizofrenii oproti zdravé populaci. Usp&$nost v odvy-
kéni koufeni je proto u pacientil se schizofrenii logicky
niz$i neZ u nepsychiatrické populace. Zatimco 1ispé§né-
ho odvyknuti od nikotinismu dosahne u zdravé popula-
ce az 42,5 % lidi, u schizofrenie je to pouze mezi 10,0 aZ
27,2 %.2

Jednoznaéné vysvétleni zvysené prevalence nikotinis-
mu u schizofrenie neexistuje. Mozné pfi¢iny jsou hlediny
v alteracich neurotrasmiterovych (nikotinovy, dopami-
novy, ptipadné i glutamdtergni) systémf mozku u schi-
zofrenie, socidlnich faktorech i ur€ité formy sebemedikace
ve smyslu sniZeni intenzity antipsychotiky indukovangch
extrapyramidovych neZddoucich 1ié&nkd, subjektivniho

nicotine cigarettes in schizophrenia pa-
tents.

Key words: smoking, nicotine, repeti-
tive transcranial magnetic stimulation,
tTMS, schizophrenia.

prozivini neurcleptické dysforie, zmirnéni negativnich
piiznaki schizofrenie & zlepfeni nékterych parametrt
kognitivniho deficitu zejména pozornosti & knitkodobé
pamét.>?

Soucasné moznosti terapie nikotinismu jsou zalozeny
na kombinaci vice modalit VyuZiva se ndhradni nikoti-
nové terapie (nikotinové néplasti nebo Zvykacky), ago-
nista nikotinovych receptori vareniklin, antidepresivum
bupropion & psychoterapeutické ptistupy. Pfesto 1é¢bu ni-
kotinismu nelze oznadit za optimdlni. Moznosti odvykani
koufeniu pacienti se schizofrenii jsou viak je$té mnohem
mensi vzhledem k riziku exacerbace psychotickych pii-
znakd pH pouziti antinikotinové farmakoterapie. Z téch-
to divoda jsou hleddny nové inovativni piistupy k 1é¢be
nikotinismu, nadé&ny potencidl pfedstavuji neuromodu-
laéni metody mozku, zejména repetitivni transkranidlni
magnetickd stimulace (rTMS).®

Technika rTMS umoiZfiuje neinvazivni modulaci
neuronilniho metabolismu mozku. Ackoliv specificky
1i¢inek rTMS na neurotransmisi neni zcela zndmy, bylo
opakované prokazano, ze rTMS o vysoké frekvenci (10
az 20 Hz) zvySuje mozkovou excitabilitu, zatimco niz-
kofrekvenéni rTMS (1 Hz a méné) ji sniZuje. Bylo také
zjisténo, Ze vysokofrekvenéni rTMS aplikovani nad le-
vym prefrontdlnim kortexem (PFC) zvySuje mozkovou
petfuzi a potaimo i metabolismus této oblasti, zatimco
nizkofrekvenéni rTMS ma4 efekt opaény.f Animalni mo-
dely rovnéz ukazuji, Ze t*TMS zvyfuje hustotu NMDA
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{N-methyl D-aspartat) receptord, a to jiZ po jediné sti-
mulaci.’” Lze proto spekulovat, Ze rTMS miiZe piisobit
jako agonista NMDA receptorli v PFC, pokud je vyso-
kofrekvenéni stimulace aplikovdna privé na tuto mozko-
vou oblast.? Animaélni i humdlni studie rovnéz prokdzaly,
ze vysokofrekvenéni rTMS aplikovana nad oblasti levého
PFC moduluje uvolnéni dopaminu v mezolimbickém
a mezostriatdlnim systému mozku. Selektivni zvy$eni
koncentrace extracelularniho dopaminu v dorzilnim
striatu a nc. accumbens bylo nalezeno v animalnich stu-
diich.’ Také u zdravych dobrovelniki se signifikantni
zvyseni koncentrace dopaminu objevilo v extraceluldr-
nim prostoru nc. caudata a levého putamenu, @1t

Nikotin podobné jake jiné navykové psychoaktivni
latky aktivuje mozkovy mezolimbicky systém odmény.
Ten je tvofen neurondlnim spojenim ventrdlni tegmen-
tdlni arey, nc. accumbens a PFC. Po vysazeni nikotinu se
sniZi aktivita v systému mozkové odmény, coZ je spojeno
se zvysenou touhou po navykové latce. Vysokofrekvend-
ni rTMS aplikovand nad oblasti levého PFC moduluje
uvolnéni dopaminu v mezolimbickém a mezostriatalnim
systému mozku a zvySuje koncentrace extraceluldrniho
dopaminu v dorzalnim striatn a nc. accumbens. Zavislost
je také spojena s narufenim behavioralnich procesi, jako
jsou nezodpovédné chovani, zvysena impulzivita & poru-
cha inhibiéni kontroly. Jejich vyznamnym neuronilnim
korelatem je PFC, jehoZ modulace mitZe rovnéz toto dys-
funkéni chovani ovlivnit. Tyto skute¢nosti tvori teoreticky
predpoklad pro vyuziti rTMS v 1é¢bé poruch spojenych
s dopaminergni dysfunkci, jako je zdvislost.'?

Ve srovndni s 1écbou deprese, sluchovych halucina-
i ¢i negativnich pfiznaka schizofrenie jsou zkuSenosti
s vyuzitim rTMS v 1é¢bé nikotinismu pionyrské. Vyso-
kofrekvenéni rTMS nad oblasti levého dorzolaterdlniho
prefrontilniho kortexu (DLPFC) snizila spotfebu tabiku
imirn cravingu u lidi zavislych na nikotinu, 2131415 Rovniéz
u pacientil se schizofrenii byl nalezen pozitivni efekt sti-
mulace na sniZeni nikotinového cravingu.’ Jedna se viak
o ojedinélou praci s malym poctem zafazenych pacienti,
kterd navic nehodnotila pfipadny vztah mezi zmé&nou
schizofrenni psychopatologie a sniZzenim cravingu v pri-
béhu stimulaéni 1écby.

Nedostatek znalosti ve vyuziti rTMS v 1é¢bé nikotinis-
mu u schizofrenie nis vedl k napldnovini a provedeni pi-
lotni oteviené studie, jejimz hlavnim cilem bylo prokazat,
zda vysokofrekvenéni (10Hz) rTMS nad oblasti levého
DLPFC mi potencial sniZit spotfebu nikotinovych cigaret
u pacienti se schizofrenii. Vedlej§im cilem bylo zjistit, zda
piipadné sniZeni spotfeby cigaret souvisi s iistupern nega-
tivnich & afektivnich pHznakd schizofrenie.

METODIKA

Zkoumany soubor

Do zkoumané skupiny bylo zahrnuto 18 pacientil (muZi)
hospitalizovanych pro diagnézu schizofrenie na Psychi-
atrické klinice Lékatské fakulty Masarykovy univerzity
a Fakultni nemocnice Brno. Do studie byli zahrnuti pouze
pacienti, ktefi splnili diagnosticka kritéria pro schizofre-
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nii {F20) dle Mezinirodni klasifikace nemoci, 10. revize
(MKN-10). Pacienti museli byt po dobu nejméné 6 tydni
stabilizovani na neménné antipsychotické medikaci. Méli
vyrazné negativni piiznaky bez jiné psychiatrické komor-
bidity, jako jsou poruchy ndlady, 11zkostné poruchy nebo
poruchy osobnosti. Diagndza schizofrenie byla potvrzena
dvéma nezavislymi zkuSenymi psychiatry na zakladé 1¢-
katské dokumentace a Mini International Neuropsychiat-
ric Interview (MINI)."” Pacienti museli byt ve véku 18 aZ
60 let a v poslednich tfech letech museli koufit nejméné
10 nikotinovych cigaret denné. Do studie nebyli zahrnuti
pacienti s onemocnénim neurologickym (véetné epilepsie
a abnormélniho EEG ziznamu), kardiovaskularnim, ce-
rebrovaskuldrnim, endokrinnim a systémovym autoimu-
nitnim. Déle potom pacienti s abiizem psychoaktivnich
latek (s vyjimkon nikotinovych cigaret), alkoholu a pa-
cienti s akutnim rizikem sebevrazdy. U viech tiéastnikil
bylo provedeno toxikologické vySetfeni moce na kanabi-
noidy, amfetaminy a opiaty. Vichni pacienti podepsali in-
formovany souhlas a neméli Zidné kontraindikace k 1é¢bé
rTMS. Studie byla schvilena lokdln{ etickou komisi a spl-
fiovala kritéria Helsinské deklarace.

Usporadani studie

KaZdy pacient podstoupil celkové 15 stimula¢nich sezeni,
kterd byla aplikovdna kaZdy pracovni den po dobu 3 tyd-
ni. Béhem stimula¢ni terapie pacienti dodrZovali pivod-
né pfedepsanou antipsychotickou medikaci. Zavaznost
schizofrennich a afektivnich pfiznaki byla pfed a po 1é¢bé
rTMS hodnocena pomocdi ,,Positive and Negative Syndro-
me Scale” (PANSS) a ,Montgomery and Asberg Depressi-
on Scale” (MADRS).!"* Pacienti do pfedem pfipravenych
formulaft zapisovali pocet vykoufenych nikotinovych ci-
garet, a to po dobu 7 dnti pfed zahdjenim a po celou dobu
(21 dna) stimulaéni 1écby. Byli poudeni, aby se v koufeni
cigaret nijak neomezovali a koufili dle svych zvykil, chuti
a potteby.

Procedura rTMS lécby

Vlastni stimula¢ni 1é¢ba byla u kazdého pacienta zahdje-
na uréenim mista stimulace a stanovenim individualniho
motorického prahu (MP). Ten byl uréen pomoci elektro-
myografie (EMG) na musculus abductor pollicis brevis
1. dx. MP byl definovan jako nejnizii hodnota stimulace,
kterd vyvold nejméné 5 motorickych potencionald s am-
plitudou aspofi 50 mV v 10 po sobé nasledujicich stimu-
laénich pulzech. Vlastni stimulace byla provedena pomoci
osmickové stimulaéni civky, kterd byla umisténa tangenci-
dlné ke stfedni roviné nad levym dorzolaterdlnim prefron-
talnim kortexem (DLPFC), tj. ve vzdalenosti 5 cm od mis-
ta urdeni individudlniho MP. Parametry stimulace byly
diny intenziton stimulace (110% individudlniho MP),
frekvenci (10 Hz), dobou trvini série impulzt (10 s) a do-
bou mezi sériemi (30 s). Béhem jednoho stimula¢niho
sezeni obdrzel pacient 2 000 pulzi, v prabéhu celé 1é¢
potom 30 000 pulzt. Béhem aplikace byl sledovin klinic-
ky stav a teplota stimula¢ni civky. Ke stimula¢ni 1é¢bé bylo
pouzito zatizeni Magstim Super Rapid a pro vyhodnoceni
motorického prahu EMG MedelecSynergy.
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Statisticka analyza

Pro analyzu dat byl pounZit statisticky software StatSoft,
Inc. (2011). STATISTICA (softwarovy systém analyzu-
jici data) 10. verze. Udaje byly zpracoviny pouZitim po-
pisnych testl neparametrické statistiky. K vyhodnoceni
zmén ve spotfebé cigaret byl pouZit Wilcoxon Matched
Pairs Test. Potenciondlni souvislost mezi zménon ve spo-
tfebé cigaret a negativnimi a afektivnimi pfiznaky byla
zhodnocena pomoci Spearmanovy korelace.

VYSLEDKY

Demograficka charakteristika zkoumané
skupiny

Do zkoumané skupiny bylo zafazeno 18 pacientil s prii-
mérnym vékem 30,40 rokd (SD = 5,56) a s primérnym
vzdéldnim 12,00 roku (SD = 1,59). Vzdélini bylo defino-
vino jako pocet roéniki povinné skolni dochdzky. Viich-
ni pacienti byli muZi a pravici. Primérna doba trvani ne-
moci byla 3,81 roku (SD = 3,55) a priimérnd denni davka
uzivanych antipsychotik 114,16 mg (SD = 177,29) ekvi-
valentii chlorpromazinovych jednotek. Primérny denni
pocet vykoufenych cigaret pfed zahijenim stimula¢ni
1é¢by byl 18,56 (SD = 6,68). Toxikologické vysetfeni moce
na kanabinoidy, amfetaminy a opidty bylo u viech pacien-
ti negativni. Viichni zafazeni pacienti splfiovali vstupni
kritéria pro zatazeni do studie, neméli Zidné kontraindi-
kace k 1é¢bé rTMS a souhlasili se zaznamenanim poétu
vykoufenych cigaret do pfipravenych dotazniki. Vichni
pacienti rovnéZ podepsali informovany souhlas se svym
zatazenim do studie.

Spotreba cigaret u zkoumané skupiny

Stimulaén{ 1é¢ba vedla ke statisticky vyznamnému sniZe-
ni poétu vykoufenych cigaret a to jiz od prvniho tydne
stimulace. Celkové se sniZila spotfeba cigaret o 12,93%
oproti vychozimu stavu (tab. 1).

Klinicka charakteristika zkoumané skupiny
Stimulaéni 1é¢ba vedla ke statisticky vyznamnému sniZeni
celkového skdre §kil PANSS a MADRS. S vyjimkou subs-
kily pro pozitivni ptiznaky se statisticky vyznamné snizila
celkovd skdre subskdl hodnoticich negativni a vieobecné
piznaky schizofrenie (tab. 2).

Vliv zmény psychopatologie na spotfebu
cigaret v pribéhu rTMS

Nebyly nalezeny statisticky vyznamné korelace mezi zmé-
nou (poé&iteéni priimérné skdre minus koneéné priimér-
né skore, to vie déleno poditeénim primérnym skdre
piislugné $kdly) schizofrennich {celkové skdre PANSS,
subskdly pro pozitivni, negativni a vSeobecné prfiznaky
PANSS) a afektivnich piznaki (celkové skére MADRS)
a zménou poétu vykoufenych cigaret v pritbéhu tfityden-
nf stimulaéni 1é2by.

DISKUSE

Z natich vysledki vyplyva, Ze vysokofrekvenéni (10Hz)
rTMS nad oblasti levého DLPFC statisticky vyznamng
snizila spotfebu vykoufenych cigaret u pacientd se schi-
zofrenii. Poéet vykoufenych cigaret se u pacientil snizil

Tab. 1. Celkovy poéef vykourenych cigaret a jejich procentudini zména béhem stimulaéni lécby

Celkovy potet vykoutenych | Procentuilni zména oproti stavu |  Statistické srovnani’ oproti
cigaret pied rTMS (-7. 22 0. den) stavu pied rTMS (7. az 0. den)
Pramer Standardni Pramer Standardni z P
odchylka odchylia
Pred rTMS (—7. aZ 0.den) 18,56 6,68 = = =z
Po rTMS (1. az 7. den stimulace} 17,51 6,14 -492 8,92 2,33 0,02
Po rTMS (8. aZ 14. den stimulace} 1594 533 -12,50 16,13 294 < 0,01
Po rTMS (15. az 21. den stimulace 1441 5,24 -21,36 19,37 3,29 <0,01
Po rTMS (1. az 21. den stimulace} 15,95 5,48 -12,93 13,80 3,16 <0,01

* Wilcoxon Matched Palrs Test

Tab. 2. Zména primérnych skore Skdl PANSS a MADRS v priibéhu stimulacni lécby

Pied rTMS Pa rTMS Statistické srovnani®
Priamér Standardni odchylka Primér Standardni odchylia z ]
Pozitivni subskdla PANSS 8,33 2,14 7,61 115 118 0,21
Negativni subskdla PANSS 23,61 4,72 16,61 572 358 <0,01
Vieobecnd subikala PANSS 31,72 606 24,06 3,81 348 <0,01
Celkovy PANSS 63,67 10,84 4828 9,55 368 <0,01
MADRS 12,72 436 4,78 2,88 3,68 <0,01

*Wilcoxon Matched Palrs Test; PANSS: Positive and Negative Syndrom Scale; MADRS: Montgomery and Asberg Depression Scale
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v priméru o téméf 13% béhem tiftydenni stimulaéni
1é¢by. Rovnéz se ukdzalo, ze efekt rTMS na sniZeni poctu
cigaret se neobjevuje okamZité se zahdjenim stimulace.
Statisticky vyznamné sniZeni poétu vykoufenych cigaret
bylo zazhamendno aZ ve druhém tydnu stimulacni 1é¢by
a poté pokraéovalo po celou dobu sledovini.

Nase vysledky potvrzuji zdvéry studie, kterd rovnéZ na-
lezla pozitivni 11¢inek vysokofrekvenéni rTMS na tabako-
vy craving u pacienti se schizofrenii.’¢ Zvolené stimulaéni
parametry nasich studif se viak li§i. Zatimco v nasi stu-
dii byl stimulovan levy DLPFC pomoci 10Hz stimulaéni
frekvence, Wing'é pounzil bilaterdln{ prefrontdlni stimulaci
o frekvenci 20 Hz.

Vysokofrekvenéni rTMS stimulace nad levym DLPFC
mé opakované prokdzany antidepresivni i¢inek? a rovnéz
sniZuje zdvaznost negativnich ptiznakd schizofrenie.2?
Zatimco Gé&inek na negativni pfznaky schizofrenie je ne-
zdvisly na ovlivnéni pfiznaki deprese u pacienti se schi-
zofrenii,** anticravingové plisobeni rTMS v tomto smyslu
dosud zkoumdano nebylo. Z naich vysledki vyplyvd, e
vliv rTMS na sniZeni poétu vykoufenych nikotinovych
cigaret nesouvisi se zménou ani depresivnich, ani nega-
tivnich piiznakd schizofrenie. Lze se proto domnivat, Ze
piipadny anticravingovy efekt vysokofrekvenéni rTMS je
pomérné specificky a neni sekundérni pfi vlastnim 1icin-
ku rTMS na zikladni psychopatologii schizofrenniho

onemocnéni. O tom mazZe svéddit rovnéz pozitivni vliv
rTMS na nikotinovy craving u zdravych lidi>!>'¢ Také
shodné sniZeni poétu vykoufenych cigaret u pacientt se
schizofrenii pfi riizné zvolenych stimula¢nich frekvencich
(10 Hz a 20 Hz) miZe poukazovat na odli$ny neurobio-
logicky efekt stimulace oproti 1é€bé negativnich pfiznaki
schizofrenie, kde 20Hz stimulace neni povaZovéana za tolik
1i¢innon ve srovndni s 10Hz frekvencl®

Nase studie ma tfi hlavni limity. Jednak do ni byli zafaze-
ni pouze muzi, je tedy proto obtizné generalizovat nase vy-
sledky na celou populaci, i kdyZ rozdilny vliv rTMS na po-
hlavi popsdn nebyl® Druhy nedostatek se tykd zjistovdni
pocétu vykoutenych cigaret. PouZili jsme pouze sebehodno-
tici dotazniky, objektivni skily zaméfené na craving & mé-
teni hladin oxidu uhelnatého ve vydechovaném vzduchu
jsme nehodnotili. Mezi posledni limit lze fadit design ote-
viené studie, kterd je v piipadé rTMS studii vidy zatiZena
znaénym podilem placebo efekin na zjisténych vysledcich.

I pfes tyto nedostatky se jednd o prvni studii, ktera
u pacienti se schizofreni{ hodnotila nejen pHpadny tabd-
kovy anticravingovy aéinek rTMS, ale i jeho vztah ke zmé-
né negativnich a depresivnich pfiznakil. Zavérem je mozno
Fici, Ze vysokofrekvenéni rTMS nad oblasti levého DLPFC
md u pacienti se schizofrenii potencidl snizovat pocet vy-
koufenych cigaret Tento Gcinek je nezivisly na zméné ne-
gativnich a depresivnich pfiznaki schizofrenie.
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Involvement of immunologic and biochemical
mechanisms in the pathogenesis of Tourette’s
syndrome.

{Zahrnut imunologickych a biochemickych mechanismu
do patogeneze Touretteova syndromu)

Journal of Neural Transmission 2012; 119 (5): 621-626

Touretteliv syndrom (Ts) je nervovd vyvojovd porucha
klinicky se vyznaéujici pocetnymi motorickymi a fone-
tickymi tiky. Neurobiologickd vnimavost vii& této poruse
je pravdépodobné zaloZena béhem vyvoje interakci gene-
tickych, biochemickych, imunologickych a environmen-
tdlnich faktord. Tato studie se snaZila zkoumat moznou
korelaci nékolika imunologickych a biochemickych mar-
kerti s Ts. Déti s Ts a zdravé a vékem srovnatelné kontroly
se podrobily obsihlému biochemickému a imunologické-
mu vySetfen. Demografické 1idaje byly ziskany z lékat-
skych zaznami. Nalezy byly porovnany mezi skupinami
a analyzovany statisticky. Bylo nabrino 68 déti s Ts (58
chlapct, 85,3%) a 36 zdravych dét (25 chlapct, 69,5%).
Srovndnim s kontrolni skupinou méla skupina s Ts vy-
znamné vys§i hladiny ferritinu (p = 0,01) hemoglobinu
{p = 0,02) a zinkn (p = 0,05) a nizsi procento médi (bez
ceruloplasminu, p = 0,01). Podle analyzy imunclogickych
markert nebyly vyznamné rozdily mezi skupinami v hla-
dinach IgA, IgM nebo IgG, nicméné hladiny IgE a IgG-4
byly vyznamné vyssi ve skapiné s Ts (p = 0,04 a p = 0,02).
Podle autort z Izraele a USA (univerzitni specializovani
pracovi§té Petah Tiqwa, Chappaqua, NY, a New Haven,
CT) maji déti s Ts vy$§i hladiny biochemickych ukazatela

oxidaéniho stresu a kvalitativnich imunoglobulin. Tyto
nilezy se pfipojuji ke stile omezenym znalostemn patoge-
neze Ts a mohou mit disledky pro vyvoj novych léceb-
nych metod.

Spisia C, Sirot EJ.

An unusual case of abuse of nasal drops
{Neobvykly pfipad zneuzivani nosnich kapek)
Pharmacopsychiatry 2012; 45 (6): A23

Je dobfe znamo, %e dekongestiva, jako napf. xylometazo-
lin, mohou zpiisobit lékovy zinét nosni sliznice. Nicméné
neni uZ tak dobfe zndmo, Ze dekongestiva mohon znenzi-
vat pacienti s panickou poruchou pfi protitizkostné samo-
1é¢be. V literatufe bylo referovano jen o jednom pHpadu
panické ataky po vysazeni dekongestiv.

Svycariti autofi (pracovisté Aarau a Brugg) referuji
0 33leté Zené se znenZivanim xylometazolinu jako samo-
1é¢by jejich panickych atak. Pacientka byla 1é€ena kombi-
naci duloxetinu a kognitivné-behaviordlni terapie. Zneu-
Zivani xylometazolinu pfestalo po dosaZeni podstatného
zlepseni jejich panickych pfiznakil

Tento ptipad poukazuje na to, Ze by si psychiatfi méli
uvédomit, Ze pacienti s panickou poruchou by mohli
zneuzivat nosni kapky jako protitizkostnon samoléébu.
Na druhé strané otorinolaryngologové by si méli uvé-
domit, Ze pacienti s anamnézou zneuZivani dekongestiv
(nebo rhinitis medicamentosa) by mohli také trpét panic-
kou poruchou.

MUDr. Jaroslav Vesely
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Repetitive transcranial magnetic stimulation reduces cigarette
consumption in schizophrenia patients

ARTICLE INFO ABSTRACT
Article history: Introduction: High-frequency repetitive transcranial magnetic stimulation (rTMS) over the left dorsolateral
Received 23 August 2013 prefrontal cortex (DLPFC) seemed to decrease tobacco consumption and craving in nicotine-dependent
Received in revised form 28 October 2013 people without psychiatric disorder or otherwise healthy people. Even if the prevalence of cigarette
Accepted 29 o“"b“ 2013 smoking in schizophrenia patients is high and estimated to be between 45% and 88%, this technique has
Avallabie onfine b November:2013 not been systematically studied in this indication in schizophrenia yet.
X 5 The aim of the study: The aim of this study was to test the ability of high-frequency (10 Hz) rTMS over the
eywords: S DI S 2 3
Consumption left DLPFC to decrea;e cigarette consumption in gchnzophrema patients. y o -
Dorsolateral prefrontal cortex Methods: The study included 35 male schizophrenia patients on stable antipsychotic medication. The patients
Schizophrenia were divided into two groups: the first (18 patients) were actively stimulated and the second (17 patients)
Smoking underwent sham (placebo) stimulation. The sham rTMS was administered using a purpose-built sham coil
Stimulation that was identical in appearance to the real coil and made the same noise but did not deliver a substantial
stimulus. The rTMS was administered at the stimulation parameters: location (left dorsolateral prefrontal
cortex: DLPFC), intensity of magnetic stimulation in % of motor threshold (110%), stimulation frequency
(10 Hz), number of trains (20), single train duration (10 s), inter-train interval (30 s), and total number
of stimulation sessions (21). In each stimulation session, 2000 TMS pulses were given, with a total of
42,000 pulses per treatment course. Patients noted the number of cigarettes smoked in the 7 days before
treatment, during the whole stimulation treatment (21 days), and again for a 7-day period after treatment.
Results: Cigarette consumption was statistically significantly lower in the actively stimulated patients than
in the sham rTMS group as early as the first week of stimulation. No statistically relevant correlations
were found in the changes of ongoing negative or depressive schizophrenia symptoms and the number of
cigarettes smoked.
Conclusion: High-frequency rTMS over the left DLPFC has the ability to decrease the number of cigarettes
smoked in schizophrenia patients.
© 2013 Elsevier Inc. All rights reserved.
1. Introduction may be seen in neurotransmitter alterations (nicotinic, dopaminergic,

The prevalence of cigarette smoking in schizophrenia patients is
estimated between 45% and 88%, exceeding almost four times that of
the normal healthy population (Wing et al., 2012a,b). The explanation

Abbreviations: ANOVA, analysis of variance; CDSS, Calgary Depression Scale for
schizophrenia; DLPFC, dorsol | p | cortex; EEG, electroencephalography;
EMG, electromyography; ICD-10, International Classification of Diseases, revision
10; MADRS, Montgomery and Asberg Depression Scale; MINI, Mini-International
Neuropsychiatric Interview; MT, motor threshold; PANSS, Positive and Negative
Syndrome Scale; rTMS, repetitive transcranial magnetic stimulation.

* Cor ding author at: Dep. nt of Psychiatry, University Hospital Brno, Jihlavska
20, 625 00 Brno, Czech Republic. Tel.: +420 532232055; fax: +420 532233706.
E-mail address: radovan.prikryl@post.cz (R. Prikryl).

0278-5846/$ - see front matter © 2013 Elsevier Inc. All rights reserved.
http://dx.doi.org/10.1016/j.pnpbp.2013.10.019

and perhaps even glutamanergic) of the brain systems in schizophrenia
and social risk factors. Smoking may be also a form of self-medication to
reduce the intensity of extrapyramidal adverse symptoms induced by
antipsychotic medication, such as neuroleptic dysphoria, to alleviate
negative symptoms of schizophrenia, or to improve some parameters
of cognitive impairment, such as attention or short-term memory
(Levander et al., 2007; Olincy et al., 1997; Wing et al., 2012a,b). Further-
more, schizophrenia patients extract a higher amount of nicotine per
cigarette, have higher blood nicotine metabolite levels, and become
more easily addicted to nicotine (Olincy et al., 1997). A plausible
explanation may be found in the genetic abnormalities of nicotine
receptor structures in schizophrenia (Wing et al., 2012a,b). Smoking
in schizophrenia could also be due to a shared genetic vulnerability
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between nicotine dependence and schizophrenia (Chambers et al.,
2001). Therefore, there is a lower rate of successful smoking cessation
in schizophrenia patients than in the non-psychiatric population.
While up to 42% of the healthy population succeeds in smoking cessa-
tion, in schizophrenia patients from 10.0% to 27.2% only are successful
quitters (Lo et al,, 2011; Wing et al., 2012a,b).

Current options for the treatment of nicotine addiction rely on the
combination of several modalities. These include nicotine replacement
therapy (nicotine patches or gums), varenicline (a nicotinic receptor
partial agonist), bupropion (an antidepressant), and psychotherapeutic
approaches. However, the treatment options for nicotine addiction can
hardly be considered optimal. Schizophrenia patients have even fewer
treatment options for quitting smoking due to the possible exacerbation
of psychotic symptoms when non-nicotine pharmacotherapy is applied.
Surprisingly some recent studies have showed that varenicline is not
only effective for smoking cessation in schizophrenia and does not
produce exacerbations in psychotic symptoms (Williams et al., 2012),
but that psychotic, depressive, and nicotine withdrawal symptoms can
be improved during varenicline treatment (Pachas et al., 2012). Despite
this promising fact new innovative approaches are needed for treat-
ment of nicotine addiction. Neuromodulation techniques may be the
most promising potential treatment options, repetitive transcranial
magnetic stimulation (rTMS) or transcranial direct current stimulation
(tDCS) in particular (Fitzgerald and Daskalakis, 2008; Wing et al., 2013).

However application of rTMS in the treatment of nicotine addiction
still represents an innovative research experience in comparison to its
use in the treatment of depression, auditory hallucinations, or negative
symptoms of schizophrenia. High-frequency rTMS applied over the left
dorsolateral prefrontal cortex (DLPFC) reduced both nicotine craving
and consumption in nicotine-dependent people (Amiaz et al,, 2009;
Brody and Cook, 2011; Eichhammer et al., 2003; Johann et al., 2003;
Li et al, 2013). It has been postulated that rTMS delivered to the
DLPFC affects craving/addiction through its influence on decision mak-
ing (Fecteau et al., 2010) and inhibitory control (Feil and Zangen,
2010) because risky decision making and difficulty with inhibitory con-
trol are traits common to people who suffer from addiction. In addition,
a possible mechanism for the effects in addiction of rTMS on frontal
brain regions is that this method enhances dopamine release in
mesocorticolimbic brain circuitry (Feil and Zangen, 2010), which could al-
leviate substance use urges by mimicking the dopamine release associa-
ted with substance use and withdrawal, thereby diminishing the need
to take additional substances. Furthermore, given the ability of brain stim-
ulation to modulate cortical excitability, it has been hypothesized that
these stimulations result in neuroadaptations and changes in synaptic
plasticity in the brain reward system (Fecteau et al,, 2010), which could
be relevant for the treatment of addiction (Brody and Cook, 2011). To
date one published study also found a positive effect of 'TMS on the tobac-
co craving reduction in schizophrenia (Wing et al.,, 2012a,b).

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

2. Methods and materials
2.1. Participants

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

Diseases, revision 10 (ICD-10) and who were stabilized for at least
6 weeks on the same antipsychotics, and without other psychiatric
comorbidities, such as mood, anxiety, or personality disorders, were
included in the study. Diagnosis was ascertained by two independent
experienced psychiatrists from the medical chart review and with the
Mini-International Neuropsychiatric Interview (MINI) (Sheehan et al.,
1998). Only mild intensity of positive symptoms of schizophrenia
were allowed: a score of 22 or less on the sum of the 8 Positive and
Negative Syndrome Scale (PANSS) (Kay et al., 1987) positive symptom
factor items (P1-P7 and G9 items) and no more than 2 of the items of P1
(delusions), P3 (hallucinatory behavior), P6 (suspiciousness) and G9
(unusual thought content) had a score of 4 or higher. The age of the
enrolled patients ranged from 18 to 60 years and all of them smoked
at least 10 cigarettes a day for the last 2 years. Patients who had cardio-
vascular, cerebrovascular, endocrinal, systemic autoimmune, or neuro-
logical disease (including epilepsy or abnormal EEG record), or who
abused a psychoactive drug, including alcohol, who had an acute risk
of suicide at screening, or had such a condition in the past were not in-
cluded in the study. Absence of psychoactive drug abuse was verified by
a toxicology examination of urine for cannabis, amphetamines, and opi-
oids. Only those patients who signed an informed consent form and
who had no contraindication for rTMS were admitted to the study.
The study was approved by the local ethics committee and complies
with the requirements of the Declaration of Helsinki.

2.2. Study design

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

2.3. Active and sham rTMS treatments

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

24, Statistical analysis

Statistical software from StatSoft, Inc. (2011), the STATISTICA
(data analysis software system) version 10, was used for data analy-
sis. Owing to the normal distribution of scores (the Shapiro-Wilk W
test was used to test for normality), the data were described and
processed using parametric statistics. To compare the overall effect
of treatment over time for the 2 groups, repeated measures analysis
of variance (ANOVA) were performed on the number of cigarettes
smoked with group (active versus sham) as the between subject
factor and time as the within-subject factor, significance level set at
p < 0.05. An independent t-test was used to compare the demo-
graphics, the number of nicotine cigarettes consumed, and the clini-
cal characteristics of the two groups, and a paired t-test was used
to evaluate ongoing changes in the scales and number of nicotine
cigarettes smoked. The potential relationship between the ongoing
changes in the consumption of cigarettes and negative and depres-
sive symptoms was assessed using the Pearson correlation.

Assessed for eligibility

3. Results
3.1. Characteristics of the evaluated group

A total of 102 patients were assessed for eligibility. The group
selected for evaluation included 40 right-handed male patients.
The excluded patients (N = 62) did not meet inclusion criteria
(N = 45) or refused to participate (N = 17). Of the 40 selected
patients, 3 patients dropped out before beginning the rTMS series
because they refused to participate and 2 patients (one patient
from each group) were excluded after randomization during rTMS
treatments: 1 for headache (active rTMS) and 1 for failure to cooperate
(sham rTMS). With the exception of 1 case of headache (completely
recovered with common analgesics), no adverse events were observed
during either form of stimulation. For an overview of the clinical trial,
see Fig. 1. There was no difference in number of cigarettes smoked per
day between the active and sham groups at baseline. The groups also
did not differ in terms of demographic or clinical characteristics; see
Table 1. The antipsychotic and mood-stabilizing drug profile for the
active and the placebo stimulation groups (18/17), respectively, were
as follows: amisulpride 1/1, aripiprazole 1/2, clozapine 1/1, clozapine +
lamotrigine 1/0, haloperidol 1/0, olanzapine 4/3, olanzapine +
amisulpride 1/1, olanzapine + risperidone 1/1, quetiapine 1/3,
risperidone 3/2, risperidone + aripiprazole 1/0, ziprasidone 0/2
and zotepine 2/1. No difference in medication of benzodiazepines
was found.

3.2. Nicotine cigarette consumption: a comparison between active and
sham rTMS groups

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

Excluded (N=62)

(N=102) :
T Not meeting
inclusion criteria
Enrollment (N=45)
I Refused to

Randomisation (1:1)

participate (N=17)

e

Allocated to the active Allocated to the sham
rTMS treatment (N=20) rTMS treatment (N=20)
Received allocated Received allocated
intervention (N=19) Allocation intervention (N=18)
Did not receive allocated Did not receive allocated
intervention (N=1) intervention (N=2)
Reason: patient refused to Reason: patient refused to
participate participate
Analyzed (N = 18) Analyzed (N = 17)
Excluded from analysis Analysis Excluded from analysis
(N=1) (N=1)
Patient did not receive Patient did not receive
allocated intervention for allocated intervention
headache for loss of cooperation
Fig. 1. Flowchart.
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Table 1
Comparison of demographic and clinical data of the groups treated with active and sham rTMS,
Active rTMS group Sham rTMS group Statistical analysis
N 18 17
Demographic data
Age (years, mean, std, dev.) 3040 + 6.56 3458 + 10.66 Ns®
Education (years, mean, std. dev.) 1200 + 1.59 1217 + 1.80 NS
Duration of schizophrenia (years, mean, std. dev.) 381 + 335 413 +£ 571 NS.*
Diagnoses (ICD-10)
Disorganized schizophrenia 1 2 NS
Simplex schizophrenia 3 2 NS
Concomitant medication
First generation antipsychotics (yes/no) 117 017 NS
Second generation antipsychotics (yes/no) 171 17/0 NS
Anticholinergics (yes/no) 0/18 017 NS
Mood stabilizers (yes/no) 117 017 NS
Combinations (yes/no) 3/15 1/16 NS
Chlorpromazine equivalent dose (mean, std. dev.) 21416 + 177.29 264.00 + 148,52 NS
Number of nicotine cigarettes smoked per day (mean, std. dev.) 18.56 + 6.68 19.06 + 8.64 NS.”
Duration of nicotine cigarette smoking in years (mean, std. dev.) 1342 + 1.51 1534 + 2.14 NS
Baseline psychopathology
Positive subscale PANSS score (mean, std. dev.) 833 4+ 2,14 831 + 1.89 NS
Negative subscale PANSS score (mean, std. dev.) 2361 + 472 2069 =+ 4.54 NS
General subscale PANSS score (mean, std. dev.) 31.72 £ 6.06 3192 £ 533 NS
Total PANSS score ( mean, std. dev.) 63.67 + 10.84 6092 + 996 NS
MADRS total {mean, std, dev.) 1272 + 436 1062 + 353 NS
CDSS total (mean, std. dev.) 1.03 + 0.82 1.14 + 1.56 NS
Post-stimulation psychopathology
Positive subscale PANSS score (mean, std. dev.) 761 + 1.15 800 + 2.08 NS.” active rTMS: N.S.™** placebo rTMS: N.S."**
Negative subscale PANSS score (mean, std, dev.) 1661 + 5.72 1892 + 272 NS." active rTMS: p < 001" placebo rTMS: NS."**
General subscale PANSS score (mean, std. dev.) 2406 =+ 3.81 2869 + 463 p < 0.01" active rTMS: p < 0.01""" placebo rTMS: N.S."*"
Total PANSS score (mean, std. dev.) 4828 + 955 5561 + 776 p = 003" active rTMS: p < 0.01""" placebo rTMS: N.S.""*
MADRS total (mean, std, dev.) 478 + 2.88 846 + 350 p < 0.017 active rTMS: p < 001" placebo rTMS: NS,”**
CDSS total (mean, std. dev.) 092 + 0.78 109 + 1.51 NS.” active rTMS: N.S.” " placebo rTMS: N.S."™*

PANSS: the Positive and Negative Syndrome Scale; MADRS: Montgomery-Asberg Depression Rating Scale; CDSS: the Calgary Depression Scale for Schizophrenia.

* Independent t-test.
** Chi-square-test; paired t-test.

*** Comparison of ongoing changes in scales (post-stimulation vs. baseline psychopathology).

in time (p < 0.001 both for within subject changes in smoking and
smoking x treatment interaction); overall statistical significance of
between subjects’ effect of treatment was p = 0.067.

3.3. Nicotine cigarette consumption in active rTMS group

Patients who underwent active rTMS smoked statistically signifi-
cantly fewer cigarettes as early as the second week of the stimulation.
In the course of active rTMS, the total number of cigarettes smoked
decreased by 12.93% of the original number; see Table 2.

3.4. Nicotine cigarette consumption in sham rTMS group

No statistically significant change in the number of cigarettes
smoked was found in the patients who underwent sham rTMS.

Table 2
Total number of cigarettes smoked and their percentage change in active rTMS group.

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

3.5. Impact of changes in psychopathology on cigarette consumption during
rTMS treatment

Neither the active nor sham rTMS group of schizophrenia patients
showed a statistically significant correlation between the change
(i.e., the initial score minus the final score divided by the initial score
of a particular subscale) in schizophrenic (ie. PANSS total score,
PANSS subscales of positive, negative, and general psychopathology)
or depressive symptoms (total scores in MADRS and CDSS) and the
change in the number of cigarettes smoked throughout three weeks
of stimulation treatment.

Total number of Percentage change compared Statistical comparison”
cigarettes smoked to the state before rTMS to the state before rTMS
(day-7 to 0) (day-7 to 0)

Mean SD. Mean S.D. 4 p
Before rTMS (day-7 to 0) 18.56 6.68 S = = s
After rTMS (days 1 to 7 of active stimulation) 1751 6.14 —4.92% 892 249 0.02
After 'TMS (days 8 to 14 of active stimulation) 1594 533 —12.50% 16.13 383 <0.01
After rTMS (days 15 to 21 of active stimulation) 1441 524 —2136% 19.37 511 =001
After r'TMS (days 1 to 21 of active stimulation) 1595 548 —1293% 13.80 428 <0.01
Follow-up (days 14 to 21 after the end of stimulation) 14.58 5.17 —2145% 20.24 4.80 <0.01

S.D.: standard deviation.
* Paired t-test.
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Table 3
Total number of cigarettes smoked and their percentage change in sham rTMS group.

Total number of cigarettes Percentage change Statistical comparison”
smoked compared to the state before to the state before rTMS
rTMS (day-7 to 0) (day-7 to 0)
Mean S.D. Mean S.D. t P
Before rTMS (day-7 to 0) 19.06 864 - - - -
After r'TMS (days 1 to 7 of sham stimulation) 19.77 11.10 +1.83% 2237 —047 064
After 'TMS (days 8 to 14 of sham stimulation) 19.83 1065 +228% 1896 —060 0.56
After rTMS (days 15 to 21 of sham stimulation) 1925 964 +1.00% 9.52 —035 073
After r'TMS (days 1 to 21 of sham stimulation) 19.61 1035 +1.03% 1631 —051 0.62
Follow-up (days 14 to 21 after the end of stimulation) 19.35 958 +017% 0.09 —056 059
S.D.. standard deviation.
* Paired t-test,
4. Discussion the study. However, no sex differences in the effects of rTMS have

The primary aim of our study was to determine the potential of high-
frequency (10 Hz) rTMS applied over the left DLPFC to reduce the
consumption of cigarettes in schizophrenia patients. Our results show
that active rTMS had a trend to reduce the consumption of cigarettes
in schizophrenia patients compared to sham rTMS. The number of ciga-
rettes smoked decreased by almost 13% in patients treated with active
ITMS during a three-week stimulation therapy and this reduction
reached a statistical significance level. In contrast, the consumption
of cigarettes remained practically unchanged in patients treated with
sham rTMS. Furthermore, the effect of rTMS on the reduction of the
number of cigarettes smoked was already observed after the first
week of stimulation. This corresponds to a recent finding that the
anti-craving effect of rTMS appears after only one stimulation session
(Li et al., 2013). The follow-up observation after the end of rTMS treat-
ment proved that the positive effect of rTMS on the reduction of the
number of cigarettes smoked lasts at least three weeks after the end
of ITMS.

The results are similar to the conclusions of previous study which
reported the positive effect of high-frequency rTMS on tobacco craving
in schizophrenic patients (Wing et al., 2012a,b). Our study however
measured nicotine consumption and had larger sample size (35 versus
15). The rTMS parameters were also different. While we stimulated
the left DLPFC at 10 Hz frequency, Wing's study used bilateral prefrontal
stimulation at 20 Hz (Wing et al., 2012ab).

High-frequency rTMS over the left DLPFC has a repeatedly confirmed
antidepressant effect (Dell'Osso et al,, 2011) and also probably, with
some caution regarding to the last published schizophrenia trials con-
clusions, especially 10 Hz frequency stimulation directed on the left
DLPFC, alleviates the severity of negative symptoms of schizophrenia
(Dlabac-de Lange et al., 2010; Freitas et al, 2009). While the effect of
I'TMS on negative schizophrenia symptoms is independent of its effect
on the depressive symptoms in schizophrenia patients (Hajak et al.,
2009), the anti-craving effect of rTMS has not yet been researched
in this sense. Our findings suggest the rTMS efficacy in reducing the
number of cigarettes smoked is independent of its effect on the change
in either depressive or negative symptoms of schizophrenia. Therefore,
we may conclude that the anti-craving and anti-consumption effect of
high-frequency rTMS may be relatively specific and not only secondary
to I'TMS efficacy on schizophrenic symptoms. This corresponds well
with the positive effect of rTMS on nicotine craving in healthy persons
(Amiaz et al., 2009; Brody and Cook, 2011; Eichhammer et al,, 2003;
Johann et al., 2003; Li et al,, 2013). Similarly, the concordant decrease
in the number of cigarettes smoked in patients with schizophrenia stim-
ulated at various frequencies (10 Hz and 20 Hz) may suggest other neu-
robiological impacts of rTMS than that in the treatment of negative
symptoms of schizophrenia, in which the stimulation at 20 Hz is consid-
ered to be less effective than 10 Hz (Dlabac-de Lange et al., 2010).

Our study has two main limitations. The first it is difficult to general-
ize our findings to the whole population as only men were included in

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

In spite of the deficiencies, this is the first study trying to evaluate the
anti-nicotine cigarette consumption effect of rTMS and its relation to the
change in negative or depressive symptoms in schizophrenia patients.
We may conclude that high-frequency rTMS applied over the left
DLPFC has the potential to decrease the number of cigarettes smoked
in schizophrenia patients, an effect that lasts at least three weeks after
the end of rTMS treatment. The effect is independent of change in neg-
ative or depressive symptoms of schizophrenia.
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8 Repetitivni transkranialni magneticka stimulace (rTMS) a depresivni

porucha

8.1 Lécba depresivni poruchy pomoci rTMS

Depresivni porucha se fadi mezi zavaznd a invalidizujici neuropsychiatricka onemocnéni,
pfiemz nemald c¢ast nemocnych, ktefi jitrpi, netoleruje antidepresivni medikaci,
nebo zistavaji farmakorezistentni. Tento fakt otevira prostor pro pouziti rTMS Vv 1écbé

depresivni poruchy.

O transkranialni magnetické stimulaci (TMS) jako vhodné terapeutické metodé u lécby
depresivni poruchy se zaalo uvaZovat poté, co byl zjistén vliv TMS na naladu'’®. Nejprve
se zkousela stimulace vertexu, ale po nejednoznacnych vysledcich a uspésné stimulaci levého
dorzolateralniho prefrontalniho kortexu (DLPFC) se vétSina studii zaméfovala na tuto oblast
mozku’?. Také se v provadénych vyzkumech uspésné zkousela aplikace rTMS stejné oblasti,

ale na opacné hemisféfe, totiz pravého DLPFC*7,

Teoretické zdtvodnéni pro pouziti rTMS v 1é¢bé depresivni poruchy lze dle Ustohala hledat
ve studiich na animalnich modelech i v klinickych studiich. V animalnich studiich bylo
zjisténo, ze pii rTMS dochazi kovlivnéni dopaminergni, serotonergni a noradrenergni
transmise, popsan byl i neuroprotektivni G¢inek rTMS. V klinickych studiich bylo zjisténo,
7ze r'TMS plisobi normalizaci prefrontalni hypoaktivity, vysokofrekvencni stimulace zvysuje
a nizkofrekvenéni stimulace snizuje kortikalni aktivitu, navic skrze spojeni z prefrontalniho

v

kortexu i vzdalengjsi limbické a paralimbické struktury™®,

Dosud bylo publikovano nékolik desitek studii zabyvajicich se Gc¢innosti rTMS Vv 1écbé
depresivni poruchy. O ucinnosti rTMS Vv Ié¢bé deprese mohou nejlepsi svédectvi podat
Metaanalyzy, ve kterych jsou statisticky zpracovany vysledky z jednotlivych studii. Dell Osso
metaanalyzy ukdzaly vétSinou vétsi efekt vysokofrekvencni rTMS levého DLPFC oproti
placebové stimulaci, klinicky efekt byl vSak diskutabilni. Novéjsi metaanalyzy pfinesly
presveédcivejsi vysledky, coz je dano veEtsi statistickou silou recentnéjsich studii a metaanalyz
a také prodlouzenim doby 1écby (respektive poctu jednotlivych sezeni). Ukazuje se,
zeuc¢innost rTMS udepresivni poruchy je nastejné urovni jako antidepresiva,
a dale ji lze vyuzit jako augmentaci piilécbé hlavné farmakorezistentnich depresivnich

poruch™®®.
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Cilem vyzkumné prace naseho tymu na Psychiatrické klinice LF MU a FN Brno bylo ovérit
ucinnost vysokofrekvencéni repetitivni transkranialni magnetické stimulace (rTMS) aplikované
nad levym DLPFC ve srovnani se standardni 1é¢bou antidepresivy III. alV. generace
U pacientli s depresivni poruchou. Podafilo se nam prokazat, Ze vysokofrekven¢ni rTMS
je ucinna v akutni 1é¢bé lehké a stiedné tézké deprese a tato G¢innost neni nizs§i nez ucinnost
bézné pouzivanych antidepresiv. Neznamena to, ze by rTMS nahradila ve vétsi mife 1écbu
antidepresivy, vzhledem ke své mensi dostupnosti, ale mize predstavovat vhodnou alternativu
1é¢by U nemocnych, ktefi jsou farmakorezistentni, nebo z n¢jakého divodu nemohou

nebo nechtéji antidepresiva uzivat.

Ustohal L, Prikrylova Kuéerova H, Prikryl R, et al. Repetitivni transkranialni magneticka
stimulace Vv 1é¢b¢é depresivni poruchy —randomizovana, jednoduse slepa, antidepresivy

kontrolovana studie. Cesk Neurol Neurochir. 2014; 77 (5): 602-607. IF=0,209

Autorsky podil: 25 %
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Repetitivni transkranialni magneticka
stimulace v lecbé depresivni poruchy -
randomizovana, jednoduse slepa,
antidepresivy kontrolovana studie

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

Souhrn

Cil: Cilemn nasi randomizované, jednoduse slepé studie bylo ovéfit Gcinnost vysokofrekvengni
repetitivni transkranidlni magnetické stimulace nad oblasti levého dorzolaterdlniho prefron-
télniho kortexu ve srovnani s antidepresivy lll. nebo IV. generace u pacientd s depresivni
poruchou. Soubor a metodika: Do studie bylo zafazeno 40 pacient( s diagndzou depresivni
epizody nebo rekurentni depresivni poruchy, ktefi byli nahodné rozdéleni do dvou stejné
velkych skupin. ledna skupina byla po tydenni wash-out period@ Iécena stimulad, druhé an-
tidepresivy. Psychopatologie byla hednocena za pomoci Hamiltonovy Skély deprese (HAMD)
a Montgomeryho a Asbergové 3kaly pro posouzeni deprese (MADRS) pfed Ié¢bou a po jejim
skonceni. Stimulace byla aplikovéna nad zminénou oblasti o frekvenci 15 hertzl, intenzité
110% klidového motorického prahu, pocet pulzd b&hem sezeni byl 1 500 a pocet sezeni
15. V kontraini skupiné byla podavana antidepresiva. Vysledky: Ve skuping lécené stimulaci
doslo k signifikantnimu poklesu {p = 0,001) skéru v obou 3kalach (HAMD: z 21,15 + 3,63 na
9,05 + 3,76 bodu, MADRS: z 28,95 x 4,25 na 13,00 + 4,89 bodl). Ve skupiné lécené
antidepresivy nastal rovnéz signifikantni pokles (p = 0,001) skéru v cbou Skaldch (HAMD:
z 21,05 + 2,79 na 9,55 = 3,24; MADRS: z 29,70 + 3,92 na 13,55 + 3,93). Rozdily mezi
skupinami statisticky vyznamné nebyly. Ve skuping lé¢ené stimulaci byle 14 respondér,
ve skuping [&Cené antidepresivy bylo 13 respondérll. Zavéry: Podafilo se prokézat, Ze vyso-
kofrekvenéni repetitivni transkranidlni magnetické stimulace byla (i¢inné v Ié¢bé depresivni
poruchy a tato dcinnost nebyla nizsi nez u b&né uzivanych antidepresiv.
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REPETITIVNI TRANSKRANIALNI MAGNETICKA STIMULACE V LECBE DEPRESIVNI PORUCHY

Abstract

Aim: The aim of our randomized, single-blind study was to assess the efficacy of high-frequency repetitive transcranial magnetic stimulation
over the left dorsolateral prefrontal cortex in comparison with common antidepressants of the third or fourth generation in patients with
depressive disorder. Methods: Forty patients diagnosed with a depressive episode or recurrent depressive disorder were included in the study.
They were randomised into twe groups. One group was treated after one-week wash-out pericd with stimulation, the other with antide-
pressants. Every patient was rated before and after the treatment using Hamilton depression rating scale (HAMD) and Montgomery Asberg
depression rating scale {(MADRS). The stimulation was administered over the left dorsolateral prefrontal cortex, the stimulation frequency
was 15 Hz, the intensity was 110% of resting motor threshold, the whaole number of pulses during one session was 1,500 and the number
of sessions was 15. Patients in a control group were treated with antidepressants. Resuits: In the stimulation group, the psychopathology
score decreased statistically significantly (p = 0.001) on both scales {HAMD: from 21.15 x 3.63 to 9.05 + 3.76; MADRS: from 28.95 +4.25to
13.00 x 4.89). The psychopatholegy score in the control group of patients treated with antidepressants also decreased statistically signifi-
cantly {p = 0.001} on both scales (HAMD: from 21.05 + 2.79 to 9.55 + 3.24; MADRS from 29.70 x 3.92 to 13.55 + 3.93). The difference
between both groups was not statistically significant. There were 14 responders in the stimulation group and 13 respenders in the control
group. Condusion: Our study confirmed that repetitive transcranial magnetic stimulation was effective in the treatment of depressive disor-

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

Uvod
Repetitivni transkranidlni magneticka sti-
mulace {rTMS) je neurostimula¢ni me-
toda zaloZena na principu elekiromag-
netické indukce. Zkoudena byla a stale je
pro terapii fady neuropsychiatrickych po-
ruch, nejvice zkuZenosti 5 ni viak méme
v lé¢bé depresivni poruchy. Depresivni
porucha se fadi mezi zdvazna a znescho-
priujici onemocnéni, pfitemz nezanedba-
telnd ¢ast pacientd, ktefi ji trpi, zGstéva
farmakorezistentni nebo pro nezadouci
Ucinky netoleruje antidepresivni medikaci.
To otevird prostor nefarmakologickym
lé¢ebnym postuplm wetn& zmifiované
ITMS. V 1é¢hé depresivni poruchy se nej-
tastéji uZiva vysokofrekventni rITMS cilend
na oblast levého dorzolateréIniho prefron-
talniho kortexu (DLPFC), méné se wyuzivd
nizkofrekvenéni rTMS zaméfend na pravy
DLPFC a v nékolika studiich byla ovéfo-
vana i bilaterdIni stimulace obou DLPFC.
Teoretické zdGvodnéni pro pouZiti rTMS
v |6¢bé depresivni poruchy Ize hledat ve
studiich na animalnich modelech i v kli-
nickych studiich. ¥ animdlnich studiich
bylo zji¥téno, Ze ITMS vede k podobnym
zménam jako elektrokonvulzivni terapie,
to znamend, Ze dochazi k ovlivnéni dopa-
minergni, serotonergni a noradrenergni
neurotransmise, popsdn byl i neuropro-
tektivni Gcinek rTMS [1-4]. V klinickych
studiich bylo zji§téno, Ze rTMS plsobi
normalizaci prefrontéini hypoaktivity, vy-
sokofrekvendni stimulace zvySuje a niz-
kofrekvendni stimulace snizuje kortikalni
aktivitu, navic skrze spajeni z prefrontal-
niho kortexu jsou ovlivnény i vzdalendi
limbické a paralimbické oblasti [1,5,6].

Vice o mechanizmu Ucinku a jednotlivych
studiich Ize nalézt v pfehledovém ¢lanku
z roku 2010 [7].

Vysledky fady studii ovéfujicich acin-
nost a také bezpe¢nost rTMS zpracovalo
do roku 2010 nejméné 15 metaanalyz, je-
jichZ wysledky shrnuli ve svém ,metapfe-
hledu” z roku 2011 Dell’Osso et al [8]. Dle
jejich zavérh prvni metaanalyzy ukazaly
pouze spornou Ucinnost rTMS — vétdinou
prokdzaly vétdi efekt vysokofrekven&ni
ITMS levého DLPFC oproti shamové sti-
mulaci, klinicky efekt viak byl diskutabilni.
Novéjdi metaanalyzy pfinesly pfesvéddi-
véj3i vysledky, coz bylo déno vetsi statistic-
kou silou recentnéjdich studii a metaana-
lyz a také prodlouZenim doby |é¢by (resp.
pottu jednotlivych sezeni — sessions).

Metaanalyzy zpravidla shrnuji data
z klinickych studii srovnavajicich Géin-
nou {aktivni} stimulaci oproti stimulaci
shamové. Mnohem méné G(dajd je viak
z b&zné klinické praxe nebo alespofi pod-
minek, které by se ji bliZily, a takfka chybi
pfimé srovndni s antidepresivy (AD), kterd
jsou v [&6¢bé depresivni poruchy pouZivana
nejtastdji.

Cilem na¥i studie bylo posoudit Gcin-
nost vysokofrekvendni rTMS aplikované
na oblast levého DLPFC v 16¢bé depre-
sivni poruchy a déle srovnat jeji G¢innost
s bé&Zzné uZivanymi antidepresivy lll. nebo
IV. generace. Na¥i hypotézou Cislo 1 bylo,
Ze po rTMS dojde k signifikantnimu sni-
Zeni zavaznosti depresivni poruchy. Hypo-
tézou ¢islo 2 bylo, Ze toto snizeni zavaz-
nosti depresivni poruchy po rTMS nebude
niZ& nez v kontrolnim souboru pacientd
lé¢enych béZzné uzivanymi antidepresivy.

Soubor a metodika

Usporadani studie a kritéria
zarazeni pacientid do souboru
Studie byla koncipovéna jako randomi-
zovand, jednodule slepd, aktivni 1é¢bou
kontrolovand klinicka studie zkoumajici
efekt rTMS ve srovndni s antidepresivy
béhem tif tydna.

Do studie byli zafazovéni pacienti —
muzi, hospitalizovani na Psychiatrické kli-
nice Lékafské fakulty Masarykovy univer-
zity a Fakultni nemocnice Brno (PK LF MU
a FN Brno} 5 diagnézou depresivni epi-
zody nebo rekurentni depresivni poruchy
{F32 nebao F33 dle 10. revize Mezinarodni
klasifikace nemaci, kritérii pro vyzkumj.
Diagndza byla ovéfena dvéma zkudenymi
psychiatry.

Vylucovacimi kritérii zatazeni do studie
byly psychotické pfiznaky, zvyiené riziko
suicidia (skore 3 a vy3%i v poloZce Sklony
k sebevrazdé Hamiltonovy $kaly deprese —
HAMD), jakékoli komorbidni psychicka
porucha a také zavislost na psychoak-
tivnich latkach vyjma tabdku. Vylouceno
bylo i zafazeni pacientd, ktefi trpi nebo
v minulosti trpéli néjakym neurologickym
onemaocnénim {pfedeviim epilepsif, vylou-
&eni byli i pacienti, ktefi méli v minulosti
abnormni EEG zdznam), déle kardiovas-
kuldrnim, cerebrovaskuldrnim, endokrin-
nim nebo systémovym autoimunitnim
onemacnénim. Do studie rovnéz nebyli
zafazeni pacienti lé¢eni fluoxetinem nebo
depotnim antipsychotikem. K vylucova-
cim kritériim néleZela také kontraindikace
provadéni rTMS (EEG vyZetfeni se prova-
délo pouze u pacientd ve zkoumaném
souboru, tj. téch, u nichz méla byt apliko-
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vana rTMS). Vstupni skére zavaZznosti psy-
chopatologie v hodnoticich 3kaléch ne-
bylo vstupnim nebo naopak vylu€ujicim
kritériem zafazeni do studie, stejné tak
jako rezistence na pfedchozi 1é¢bu.
Soubor pacientd byl ndhodné rozdé-
len do dvou stejné velkych skupin za pou-
Ziti generdtoru ndhodnych ¢&isel: na zkou-
many soubor (n = 20} a kontrolni soubor
(n = 20). Od pacientd zafazenych do
zkoumaného seuboru bylo nutné nejprve
ziskat informovany souhlas. Studie byla
schvélena pfisluinou etickou komisi.

Lécba rTMS

Po zafazeni do studie byla pacientdm po-
stupné vysazena velkerd medikace psy-
chofarmaky {pokud néjakou uZivali). Délku
otitfovaci {wash-out} periody, b&hem niz
byli pacienti zcela bez antidepresivni medi-
kace, jsme stanovili na sedm dn(.

Viem pacientm zafazenym do zkou-
maného souboru byl nejprve uréen mo-
toricky préh. Ten byl stanoven pomoci
elektromyografu (EMG) na musculus ab-
ductor pollicis brevis lat. dx. Motoricky
prah, konkrétné klidovy motoricky prah
(Resting Motor Threshold, RMT} je defino-
van jako nejniZdi stimulaéni aktivita, kterd
pfi stimulaci motorického kortexu vyvold
plsobenim deseti po sobé jdoucich jed-
notlivych pulz nejméné pét motarickych
evokovanych potencidld o velikosti ampli-
tudy alespori 50 yV [9]. Po stanoveni mo-
torického prahu bylo uréeno misto stimu-
lace jako misto 5cm rostréiné od bodu,
jeho? stimulaci byl ziskan RMT.

Bé&hem vlastni rTMS byla pacientovi se-
dicimu v kfesle k hlavé pfiloZzena stimu-
la¢ni civka. Ke stimulaci jsme pouZili pfi-
stroj Magstim Super Rapid od firmy The
Magstim Company Ltd. vybaveny os-
mi¢kovou civkou chlazenou vzduchem.
Stimulovali jsme oblast levého DLPFC,
konkrétni uréeni mista stimulace bylo po-
psano vySe. Frekvenci stimulace jsme sta-
novili na 15 Hz a jeji intenzitu na 110%
RMT, podet stimulagnich sezeni na
15 v pribéhu 15 po sobé jdoucich pra-
covnich dnl {tedy bé&hem tii tydnd).
Bé&hem jednoho sezeni bylo kazdému pa-
cientovi aplikovdno celkem 1 500 stimuld
rozdélenych do 10 sérii (train} o délce
10 5 oddélenych deviti 30sekundovymi
intervaly {(intertrain). U pacientl ve zkou-
maném souboru nebyla povolena Zadna
soub&znd medikace psychofarmaky vyjma
promethazinu do maximéalni denni davky

Tab. 1. Demografické a klinické charakteristiky souboru.

pokust

netickou stimulaci.

Charakteristika ITMS AD p

vék pacientl (v letech) 36,15+ 6,78 36,3 + 6,69 0,95
délka depresivni poruchy (v mésicich) 17,75+ 17,2 16,83 + 16,31 0,87
délka soucasné epizody (v mésicich) 3,70 + 2,65 4,28 + 3,85 0,59
pocet predchazejicich terapeutickych 0,90 + 0,83 0,80 +0,81 0,71

AD - soubor léceny antidepresivy, ITMS — soubor |éceny repetitivni transkranialni mag-

100mg, hlavni indikaci pro tuto medikaci
byla anxieta nebo insomnie.

Létba antidepresivy
RovnéZ pacientlm v kontrolnim souboru
byla po zafazeni do studie postupné vy-
sazena vedkerd antidepresivni medikace
{pokud néjakou uzivali). Délku otistovaci
{wash-out) periody, b&hem niZ byli pa-
cienti zcela bez antidepresivni medikace,
jsme shodné stanovili na sedm dna.
Pacienti v kontrolnim souboru byli 1é-
&eni pomoci antidepresiv lll. nebo IV. ge-
nerace. Vybér konkrétnihe léku byl po-
nechdn na vyzkumnikovi a byl stanoven
podle farmakologické anamnézy konkrét-
niho pacienta a podle pFevazujicich pfi-
znakl. Konkrétné 16 pacientd bylo 1é¢eno
pomaodi selektivniho inhibitoru zpé&tného
vychytdvani serotoninu {SSRI; a to citalo-
pramem, escitalopramem nebo sertrali-
nemy, jeden mirtazapinem a tfi kombinaci
venlafaxinu a mirtazapinu. Antidepresiva
byla vZdy podavéna v terapeutické davce
po celou dobu studie a v jejich podavani
se pokradovalo i po jejim skongeni. Bylo
povoleno i podavani kankomitantni medi-
kace ke snizeni anxiety a Gpravé insomnie
podobné jako ve zkoumaném souboru.

Hodnoceni psychopatologie
a statistické zpracovani vysledki
ZavaZznost psychopatologie byla ve zkou-
maném i kontrolnim souboru stanovena
na konci sedmidenni wash-out periody
tésné pfed zahadjenim lécby rTMS, resp.
antidepresivy a déle po tfech tydnech
lé¢by pomoci Hamiltonovy 3kaly deprese
{HAMD) v jeji 21poloZkové verzi a Mont-
gomeryho a Asbergové ¥kélou pro posou-
zeni deprese (MADRS) [10,11].
Hodnaoceno bylo celkové skdre v obou
3kdlach, déle bylo sledovéno dosaZzeni od-
povédi na lé¢bu (responze), ktera byla de-

finovédna jako alespoit 50% pokles skord
v obou 3kélach, a také dosaZeni remise,
jez byla definovéna jako celkové skore ve
$kdle HAMD < 7 a MADRS < 10[12]. Hod-
noceni zévaznosti psychopatologie po-
moci obou 3kal provadél psychiatr zasle-
peny ke zplsobu lécby.

Ke zpracovani dat byl pouZit pro-
gram SPSS 11.5 for Windows, Statistica 7
a Microsoft Excel. Data byla charakterizo-
vana deskriptivni statistikou a vzhledem
k jejich povaze zpracovdna neparamet-
rickou statistikou. Konkréiné jsme pou-
Zili Mann-Whitney U test a Wilcoxon Sign
Rank test (kritérium statistické vyznamnosti
p < 0,01). Ke zhodnoceni efektu lécby bylo
spoditdino AHAMD a AMADRS. Kalkulovan
byl i pocet respondéri a remitérd.

Vysledky

Charakteristika souboru

Do studie bylo zafazeno celkem 40 pa-
cientll — muzd, ktefi byli hospitalizovani
na PK LF MU a FN Brno. U 22 pacientd
byla diagnostikovéna depresivni epizoda
{F32), u viech se konkrétné jednalo o leh-
kou nebo stfedné t&Zkou depresivni epi-
zodu {F32.0 nebo F32.1). U zbyvajicich
18 pacientd byla diagnostikovdna reku-
rentni depresivni porucha (F33), konkrétné
se u viech jednalo o lehkou nebo stfedné
1&Zkou depresivni epizodu rekurentni de-
presivni poruchy (F33.0 nebo F33.1).

Ve sledovanych demografickych a klinic-
kych ukazatelich (v&k pacientd, délka sou-
&asné epizody, délka depresivni poruchy
a podet terapeutickych intervenci v pri-
béhu soucasné epizody pfed zafazenim
do studie) nebyl mezi souborem lé¢enym
ITMS a kontrolnim souborem lé¢enym an-
tidepresivy signifikantni rozdil {tab. 1).

Celkové skdre ve 3kdle HAMD v celém
souboru {n = 40) bylo pfed lé¢bou
21,10 = 3,20, celkové skore ve Zkéle
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Tab. 2. Zména psychopatologie ve zkoumaném a kontrolnim souboru.

zeni deprese, ITMS — repetitivni transkranialni magneticka stimulace.

Pramérné skore Primérné Primérné Pramérné
Skala pred lécbou skore po Z skore p skore pred skére po Z skore p
rTMS 1écbé rTMS lécbou AD 1é¢bé AD
HAMD 21,15+ 3,63 9,05+ 3,76 3,92 0,001 21,05+ 2,79 9,55 + 3,24 3,92 0,001
MADRS 28,95 +£4,25 13,00 + 4,89 3,42 0,001 29,703,928 13,5574 3;93 3,92 0,001

AD - antidepresiva, HAMD — Hamiltonova $kéla deprese v 21polozkové verzi, MADRS — Montgomeryho a Asbergové $kéla pro posou-

Tab. 3. Srovnani rozdilG v ovlivnéni zavaznosti psychopatologie v obou
souborech.

Skala A A Z skére p
HAMD 57,.21% 54,63% 0,41 0,67
MADRS 55,09% 54,38% 0,42 0,68

HAMD - Hamiltonova Skala deprese v 21polozkové verzi, MADRS — Montgomeryho
a Asbergové skala pro posouzeni deprese, NS — statisticky nesignifikantni, rTMS — repe-
titivni transkranialni magneticka stimulace, A, — procentualni pokles psychopatologie v

kontrolnim souboru léceném antidepresivy, A, . — procentualni pokles psychopatologie

ve zkournaném souboru |é¢eném pomoci rTMS.

MADRS v celém souboru {n = 40) bylo
pled I&¢bou 29,33 + 4,05.

Celkové skdre ve 3kdle HAMD v sou-
boru léteném rTMS (n = 20) bylo pfed
lé¢bou 21,15 = 3,63, celkové skdre ve
§kale HAMD v kontrolnim souboru lé¢e-
ném antidepresivy (n = 20} bylo pfed lé¢
bou 21,05 + 2,79.

Celkové skére ve Skale MADRS v souboru
lé¢eném rTMS (n = 20) bylo pfed 1&bou
28,95 + 4,25, celkové skore ve Skdle MADRS
v kontrolnim souboru lé¢eném antidepre-
sivy {n = 20) bylo pfed l&¢bou 29,70 + 3,92.

Co se tyde zévaZnosti depresivni poru-
chy, nebyl mezi zkourmnanym a kontrolnim
souborem pfed zahdjenim lécby Zadny
signifikantni rozdil.

Vichni pacienti z obou soubor( dokon-
¢ili 16¢bu, u Zadného nemocného se nevy-
skytly wznamngjsi nezadouci ucinky.

Ucinnost rTMS versus Gginnost
antidepresiv v |é¢bé depresivni
poruchy

Po 1&¢bé se ve zkoumaném souboru zmé-

nila psychopatologie takto:

* celkové skore ve $kdle HAMD kleslo sta-
tisticky signifikantné (p = 0,001), cel-
kem 057,21 %,

* celkové skore ve Skéle MADRS kleslo rov-
néZ statisticky signifikantn& (p = 0,001),
celkem o 55,09 %.

Po l1é¢bé se v kontrolnim souboru zménila

psychopatologie takto:

* celkové skare ve $kdle HAMD kleslo sta-
tisticky signifikantné (p = 0,001), cel-
kem o 54,63 %,

* celkové skare ve Zkale MADRS kleslo
statisticky signifikantné (p = 0,001), cel-
kem o 54,38 % (tab. 2).

Rozdil mezi zkoumanym souborem
a kontrolnim soubarem v ovlivnéni zavaz-
nosti psychopatologie nebyl ani v jedné
Skdle statisticky signifikantni (tab. 3).

Ve zkoumaném souboru pacientd |é-
¢enych pomoci ITMS {n = 20} bylo na
konci studie $est nonrespondérd (30 %)
a 14 respondért (70 %), z nichZ pét do-
sdhlo remise {25 %), v kontrolnim sou-
boru {n = 20) bylo na konci studie sedm
nonrespondérd (35 %) a 13 pacientd
{65 %), u nich? do%lo k odpovédi na
16Zbu, z nichZ 3est dosahlo remise (30 %).
Rozdil mezi pottem respondérd ani po-
&tem remitérd nebyl mezi ob&ma soubory
statisticky signifikantni.

Diskuze

Cilem nasi studie bylo posoudit G¢innost
vysokofrekvenéni rTMS aplikované na
oblast levého DLPFC v 16¢bé& depresivni
poruchy a srovnat ji s U¢innosti bézné
uzivanych antidepresiv Ill. nebo IV. gene-

race. Tento ¢il se podafilo naplnit — rTMS
vedla ke statisticky signifikantnimu sni-
Zeni zavaZznosti psychopatologie méfené
pomoci 3kl HAMD a MADRS a toto sni-
Zeni nebylo nizii neZ v pfipadé pouziti
antidepresiv. Tim se potvrdily i ob& hypo-
tézy. Lze fici, Ze asi dvé tfetiny pacientd
ve zkoumaném i kontrolnim socuboru od-
povédélo na lé¢bu — dosdhlo responze
{70 vs 65 %) a takfka tfetina z nich do-
konce dosédhla remise {25 vs 30 %). To
zhruba odpovidd vysledkdm lé¢by de-
presivnich nemocnych prvnim adekvat-
nim lé¢ebnym zplsobem, daldi |é¢ebné
pokusy u nonrespendérl jsou jiz obwykle
méné u¢inné [13]. Vzhledem k tomu,
Ze se u nalich pacientd jednalo v pri-
méru o druhy lé¢ebny pokus v rdmci ak-
tuélni depresivni epizody (u pacient( |é-
&enych rTMS pfedchédzelo v praméru
0,9 lé¢ebného pokusu, u pacientd lé¢e-
nych antidepresivy 0,8 pokusu), Ize naie
vysledky oznacit jako dobré. Tyto wy-
sledky potvrzuji pozitivni zivéry recent-
nich studii a metaanalyz, napf. Schutte-
rovy metaanalyzy, ve které jeji autor
konstatoval, ze U¢innost rTMS je srov-
natelnd s Gdinnosti bézné uZivanych
antidepresiv [14].

Kontraindikace zafazeni do studie Ize
povaZovat za standardni. Patfila mezi né
pfitomnost psychotickych pfiznaka, a to
vzhledem k tomu, Ze létha psychotické
deprese se |i3i. Z etickych divodd sem né-
leZelo i vysoké riziko suicidia a déle pfi-
tomnost kemorbidnich psychickych po-
ruch, které by mohly ovlivnit vysledky
a znesnadnit jejich interpretaci. Patfila
sem i nékterd zavazné&j$i somatickd one-
maocnéni, pfedeviim epilepsie, a lé¢ba
fluoxetinem a depotnimi antipsycho-
tiky vzhledem k jejich dlouho pfetrvava-
jicimu Gcinku. Zafazeni byli pouze muzi,
protoZe studie byla provddéna na muz-
ském oddéleni. V literatufe jsme nena-
lezli zminky popisujici, Ze by byl odlidny
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efekt rITMS v 16¢bé muzt a Zen s depre-
sivni poruchou.

Parametry stimulace jsme zvolili na z&-
kladé inspirace vysledky ptfedchozich
studii — jednalo se o vysokofrekven¢ni
stimulaci o frekvenci 15 Hz, intenzité sti-
mulace 110 % RMT aplikované na ob-
last levého DLPFC, kankrétni misto stimu-
lace bylo zvoleno tradi¢énim zpdsobem.
Potet sezeni jsme stanovili na 15, protoze
prévé tento pofet se jevil jake nejniZsi
vhodny [15]. NejniZ&i vhodny podet stimu-
laci jsme zvolili proto, abychom co nejvice
zkratili dobu lé¢by, a tudiZ i dobu hospi-
talizace a s ni spojené naklady. Konkrétni
stimulagni parametry vychézely z nadich
klinickych zkuZenosti béhem pFedchozi
aplikace rTMS v lé¢bé depresivni poruchy.
Ve volbé stimulagni frekvence jsme se ne-
chali ovlivnit studii autorl Loo et al [16].
Aby nebyly vysledky avlivnény psychofar-
maky, byla povolena pouze ptidatnd me-
dikace promethazinem.

V kontrolnim souboru Ié¢eném anti-
depresivy byla ponechdna volba Iéku na
Uvaze vyzkumnika, aby se maximainé bli-
Zila b&Zné klinické praxi.

Zminéné velmi dobré vysledky v do-
sazeni respondérd a remitéra na lé¢bu
v obou souborech si vysvétlujeme mimo
jiné tim, Ze se jednalo o pomérné mladé
pacienty (pramérny vék 36,15 roku ve
zkoumaném souboru a 36,3 roku v kon-
trolnim souboru), pficemz se pfedpo-
klada, ze u starlich pacientl je rTMS
méné efektivni, svizelngjsi viak byvd an-
tidepresivni 1é¢ha ve vyilich vékovych
kategoriich obecné [17]. Daldi skute¢-
nosti, kterd se podilela na pozitivnich vy-
sledcich, byla i relativng krat¥i doba tr-
vani soudasné depresivni epizody (3,7;
resp. 4,28 mésice} a depresivni poruchy
(17,75; resp. 16,83 mésice). Daldim fak-
torem mazZe byt i niZ&i zdvaznost psycho-
patologie (zédvaZznost soudasné depresivni
epizody byla u viech pacientd hodnocena
jako lehka nebo stfedné t87k&). Pozitivni
vliv mohla mit i samotnd hospitalizace pa-
cientd a s ni spojeny rezim na oddéleni
a podplrnd psychoterapie (systematickd
psychoterapie pacientim samozfejmé po-
skytovana nebyla).

Vétdina studii srovndva Gdinnost ak-
tivni rTMS se shamovou stimulaci, pfi-
padné augmentaci antidepresiv rTMS
ve srovndni se samotnymi antidepresivy.
Podobny design studie, jako byl té nasi,
tedy pfimé srovnani rTMS v monoterapii

s antidepresivy, vyuZili v roce 2009 Bare%
et al. Ve dvojité slepé, randomizované
studii se 60 na lécbu rezistentnimi pa-
cienty srovnavali G¢innost nizkofrekvendni
stimulace (o frekvenci 1 Hz) aplikované na
oblast pravého DLPFC s dcinnosti venla-
faxinu s prodlouzenym uvoliiovanim. Cel-
kova doba lé¢by byla stanovena na &tyfi
tydny. Ve skupiné pacientd lé¢enych
ITMS doilo k odpovédi u 33 % a remisi
u 18 % pacientd, ve skupiné lé¢ené ven-
lafaxinem u 39 %, resp. 23 %. Za hlavni
limitace studie byl autory povazovan re-
lativné maly podet pacientd, nezafazeni
placebové vétve (z etickych davodd) a re-
lativné kratka doba 1é¢by antidepresivy.
Autoli uzaviraji, Ze nizkofrekvencni pra-
vostrannd rTMS ukézala srovnatelny tera-
peuticky efekt s efektem venlafaxinu (byt
ten byl o néco vét¥i) [18]. Na rozdil od
nadi studie se tedy jednalo o studii dvo-
jité zaslepenou, zkoumajici efekt nizko-
frekvendni pravostranné rTMS ve srovnani
s jednim konkrétnim antidepresivem, a to
béhem lécby o tyden deldi. O néco hordi
vysledek neZ v nafem pfipadé (zvlaité
co se tye procenta respondérl v obou
skupindch} lze pravdépodobné pfikla-
dat tomu, Ze do BareSovy studie byli za-
fazeni vyhradné nemocni na lé¢bu rezi-
stentni (byf zvolené kritérium rezistence
bylo pomé&rné mirné — stadila chybéjici od-
povéd na jednu pfedchozi antidepresivni
lé¢bu). V nadi studii naopak pfi zafazo-
vani pacientd nehrélo kritérium rezistence
roli a primérny podet pfedchozich tera-
pii dané depresivni epizody byl ve zkou-
maném i kontrolnim souboru niZdi nez
jeden, kdeZto u BareSovy studie byl mini-
malné jeden.

Star¥i studie, kterd rovnéz srovndvala
uginnost rTMS s antidepresivy, je studie
Chistyakova et al z roku 2005. Autofi do
ni zafadili celkem 58 pacientd s depresivni
poruchou, které rozdélili do t¥i skupin.
Jedna skupina byla lé¢ena levostrannou
nebo pravostrannou rTMS o frekvenci
3 Hz, druhd skupina levostrannou nebo
pravostrannou rTMS o frekvenci 10 Hz,
k tomu obé skupiny dostévaly placebo-
vou medikaci. Posledni skupina pacientl
byla lé¢ena klomipraminem a shamo-
vou rTMS. Lé¢ba trvala pouze dva tydny.
Jako nejacinngjdi se jevilo pouZiti levo-
stranné rTMS o frekvenci 3 Hz, ve které
6 z 11 ({tedy 54,5 %) pacientd dosshlo
responze definované jako 50% pokles
skdre ve skdle HAMD [19]. Ve srovnani

s touto studii jsme dosahli vysledku srov-
natelného s nejacinn&jdi levostrannou
rTMS o frekvenci 3 Hz, oviem v obou sku-
pinach — u pacientd lé¢enych rTMS i anti-
depresivy, lé¢ba viak v nasem pfipadé tr-
vala o tyden déle.

T¥eti a rovnéz star¥i studie, majici vztah
k problematice srovnavani d¢innosti rTMS
a antidepresiv, byla publikovéna v roce
2004. Zkoumala efekt rTMS o frekvenci
15 Hz doplnéné placebovou medikaci
s efektem fluoxetinu doplnéného shamo-
vou rTMS u depresivnich pacientl s Par-
kinsonovou chorobou. Vysledky [6¢by byly
hodnoceny po dvou a osmi tydnech {pfi-
gemz rTMS byla aplikovéna po dobu prv-
nich dvou tydni}). Po dvou tydnech kleslo
skore Skaly HAMD o 38 % u pacientt lé-
genych aktivni rTMS a 0 41 % u pacientd
lécenych fluoxetinem. V obou skupinch
bylo mozné po dvou tydnech lé¢by cha-
rakterizovat 43 % pacient jako respon-
déry. Po osmi tydnech antidepresivni
efekt pietrvdval, byla viak patrnd hordi
snaienlivost antidepresiva nez rTMS [20].
Tato studie, byf u odli¥ného souboru pa-
cientd — pacientl s depresi u Parkinso-
novy choroby, ukézala stejné jako nale
studie srovnatelny efekt rTMS a antide-
presiv. V pfipadé nadi studie byl poget re-
spondért vy338i, coZ mize byt déno del-
8im trvanim lé¢by (ifi tydny ve srovnéni se
dvéma tydny).

Neni mozné opominout ani limitujici
faktory nadi studie. Patfi mezi né pfede-
viim relativné maly soubor pacientl, z4-
véry by bylo potfeba ovéfit na vétiim
podtu subjektd. K limitujicim faktordm ur-
&ité nélezi pomérné kratké trvani studie —
a to tfi tydny, coZz miZe byt pfili§ kratké
na plny rozvoj terapeutického Gdinku an-
tidepresiv, ale i rTMS. Na druhou stranu
pouze studie BareZe et al trvala déle, a to
o tyden, av3ak zafazeni do ni byli pouze
rezistentni pacienti [18].

Nase studie ukézala, Ze rTMS je G¢inna
v akutni 1é¢bé lehké nebo stfedné tézké
deprese a tato G&innost neni niZ& nez
udinnost b&zné uzivanych antidepresiv,
coz potvrzuje vysledky nékolika dosud
publikovanych studii srovndvajicich efekt
ITMS s efektem antidepresiv. Nezna-
mend to samoziejmé, Ze by rTMS na-
hradila ve vé&tsi mife terapii antidepresivy
vzhledem k jeji men3i dostupnosti, ale
mohla by pfedstavovat pfijatelnou alter-
nativu pro pacienty, ktefi jsou farmakore-
zistentni ¢ z néjakého divedu nemohou
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nebo nechtdji uzivat léky (napf. pro neza-
douci Gcinky). Vyhodou rTMS je totiz mi-
nimum nezadoucich ¢inkd, coZ potvrdila
i nade studie, b&hem niz se 2adné zavaz-
né&jii nevyskytly, a viichni pacienti 1é¢bu
dokondili. Pfedmétem dal3iho vyzkumu
ale zOstava, jak optimalizovat stimulagni
parametry, déle vytipovani subpopulaci
pacientd, ktefi mohou mit z rTMS nej-
v&t&i prospéch, a také zjiténi, jakou zvo-
lit nejvhodnéjdi pokratovaci a udrZzovaci
1é¢bu vzhledem k tomu, Ze Gginek akutni
terapie pomod rTMS je obvykle pouze
pfechodny.
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8.2 Ovlivnéni kognitivniho deficitu u depresivni poruchy pomoci rTMS

Zpocatku se mapovanim vlivu rTMS na kognitivni funkce nemocnych depresivni poruchou
béhem 1écby rTMS nezabyvalo pfili§ mnoho autort, napi. Triggs Ve své studii
(vysokofrekvenéni rTMS, levy PFC, trvani 2 tydny) popisuje zlepSeni nalady u sledovanych
subjektll a také zlepSeni v jistych parametrech kognitivnich funkci, zejména pozornosti
a slovni plynulosti. Zadné zhor$eni neuropsychologického vykonu nenalez!?.

K podobnému zavéru se kloni i Loo, ktery béhem aplikace rTMS u pacienti S depresivni

poruchou nenalezl 7adné zhorseni paméti & pozornosti*?.

Speer ve své studii aplikoval 1 Hz nebo 20 Hz rTMS v rezimu aktivni nebo placebové (sham)
stimulace upacienti S depresivni  poruchou, kde hodnoceni kognitivnich  funkci
a psychopatologie bylo provadéno pted apodeseti stimulacich. Neprokdzal Zzadné
signifikantni zmény ve sledovanych kognitivnich funkci, ato anive vztahu Kk rozdilné
stimulacni frekvenci a ani ke zmén¢é psychopatologie. Nalezl pouze trend ke zlepseni vykonu

Vv testu verbalni fluence, ktery vSak nekoreloval se zménou néladylzz.

K vyzkumiim, jez se zamé&fuji na to, zda rTMS nema na kognitivni funkce deteriora¢ni vliv,
patii napt. studie Mosimanna, ve které byl pouzit Stroopiv test, Trail-Making Test AaB
a Test verbalni fluence u starSich pacientti s depresivni poruchou. Ve své studii nenalezl
7adnou signifikantni zménu ve sledovanych neuropsychologickych ukazatelich'®. Little
se snazil ve svém vyzkumu zmapovat Sestnact kognitivnich domén béhem 1é€by pacienti
s depresivni poruchou a to pomoci jak nizkofrekvenéni, tak i vysokofrekvenéni rTMS. Opét
nebyl pozorovan zadny negativni vliv rTMS na kognitivni funkce, naopak nastalo zlepSeni
ve vybavovani seznamu slov, které uvadi do souvislosti s celkovym tustupem depresivni

124

symptomatologie . ZhorSeni kognitivniho vykonu pti a po aplikaci rTMS nebylo nalezeno

ani Shajahanem'® a Looem®?!. Shajahan neprokézal ve své studii Zadnou zménu kognitivnich
funkei U pacientll s depresivni poruchou, at’ uz ve smyslu zhorSeni ¢i zlepSeni kognitivniho

vykonu a to pies pouziti riiznych stimula¢nich frekvenci'®®.

Studie potvrzujici zlepseni kognitivniho vykonu. V oblasti mentalnich rotaci doklada zlepseni

vyzkum Klimesche, kdy byla vysokofrekvencni rTMS aplikovana nad medialni frontalni

126 ‘Martis ve své studii uvadi zlepSeni pracovni paméti, exekutivnich

a pravy parietalni kortex
funkci a psychomotoriky (rTMS 10Hz). Parametry pozornosti zistaly rTMS nedotceny.
Respondéii se od nonrespondértt na lécbu rTMS lisili po stimulaci v oblasti pozornosti

a psychomotorického tempa, ale ne v parametrech pracovni paméti ¢ exekutivnich funkei'?’,
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Triggs potvrzuje zlepSeni verbalni fluence pfipouziti testu Controlled Oral Word
Association'?®. Moser popisuje, z vice zkoumanych domén kognitivnich funkci u pacientd
s rekurentni depresi, pouze zlepSeni V oblasti exekutivnich funkci (rTMS 20Hz)128.
Ve vyzkumu Fitzgeralda doSlo ke statisticky signifikantnimu zlepSeni Vv oblasti verbalni
fluence, verbalnich parovych asociaci, hledani symbold, opakovani ¢isel, v Personal Semantic

Memory Schedule a v Autobiographical Memory Schedule'?*.

O'Connorova studovala vliv rTMS na kognitivni funkce U pacientli S depresivni poruchou
a U zdravych dobrovolnikti. U pacientl oproti dobrovolnikiim nalezla nejen vyrazné zlepsSeni
nalady, ale také zlepSeni  reakénich  Casi  aschopnosti  proceduralniho  uéeni
(vysokofrekvenéni — 10 Hz — rTMS nad oblasti levého LFPC). Mira zlepSeni kognitivnich

parametrt souvisela s velikosti antidepresivniho efektu spojeného s 1é¢bou rTMS™.

Znov¢jsich studii stoji zato zminit studii Schulzeho, kde byla rTMS aplikovana
nad dorzomedialni prefrontalni cortex (DMPFC), pacientim byla administrovana baterie
neuropsychologickych testd. Nebyly zjiStény nezadouci ucinky stimulace na kognitivni
funkce, naopak doSlo k vyznamnému zlepSeni vykonu nemocnych v oblasti pozornosti

a flexibility a toto zlep3eni bylo nezavislé na zlepseni depresivni symptomatologie'*,

Italsti kolegové dospéli ve své metaanalyze K zavéru, ze jsou potieba dalsi studie,
aby se jednozna¢né prokazalo, zda rTMS vyvolava zlepSeni kognitivnich funkci nad ramec

svého antidepresivniho uginku, ktery je nezpochybitelng dolozen mnoha studiemi*®?,

Vyviji se také nové zptsoby aplikace rTMS, napf. bilateralni stimulace. Studii z této oblasti
je zatim relativné malo a jejich vysledky jsou inkonzistentni. Za zminku také stoji jedna
z nejnovejsich studii z roku 20162, kde byla pouzita bilateralni stimulace a po&itaGové
administrovanad baterie neuropsychologickych testl. Doslo k signifikantnimu zlepSeni
depresivni symptomatologie, neobjevily se zadné nezadouci Gcinky stimulace na kognitivni
funkce, ale nedoslo k vyraznéjsimu zlepSeni sledovanych kognitivnich parametrd (pouze jisté
zlepSeni se objevilo v testech bludist). Jednim ze zavéra této studie jeto, ze zlepSeni

depresivni symptomatologie je zcela nezavislé na stavu kognitivnich funkci™*.

Dalsi studii, ktera pouzila bilateralni paradigma stimulace je studie Nadeaua a kolegli. Autofi
referuji 0 pouziti 5 Hz rTMS nad levym, i pravym DLPFC. Pravostranna stimulace vykazala
vetsi efektivitu na kognitivni funkce, zejména v jazykovych schopnostech, vizuoprostorovych

funkcich a ve verbalni epizodické paméti, nez levostranna rTMSH,
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8.2.1 rTMS u farmakorezistentni deprese

Dalsi indikaci rTMS jsou farmakorezistentni deprese. Recentni metanalyza Serafiniho
a kolegti zahrnovala 22 studii, fada studii nebyla zahrnuta z metodickych divodd — mnoho
studii bylo limitovano malym vyzkumnym vzorkem zatazenych nemocnych, nejednoznac¢nou
metodikou, nedostateénym mnozstvim hodnocenych neurokognitivnich ukazateld,
nevhodnym pouzitim neuropsychologickych testi, atd. Zavér této metaanalyzy je takovy,
7ze 'TMS jako jedna z neinvazivnich stimula¢nich technik miuZe byt povazovana za cennou
(vhodnou) a slibnou techniku na zlepSeni kognitivnich funkci u pacientd s TRD (treatment
resistant depression). Co se ty¢e kognitivnich funkci, nejcastéji doslo ke zlepSeni verbalni
paméti, toto zlepSeni bylo nezavislé na klinickém stavu. Zatimco zlepSeni v oblasti verbalniho
uceni, psychomotorického tempa bylo vice spojeno se zmiriovanim depresivni
symptomatologie samotné. K neurokognitivnim doménam, ve kterych doslo ke zlepseni
vlivem rTMS v rozdilné intenzit¢ lze pocitat psychomotorické tempo, pozornost, slovni

plynulost, exekutivni funkce a pracovni pamé&t™*®.

Zajimavou studii z oblasti aplikace rTMS u farmakorezistentni deprese je studie Kedziora,
kde byla pouzita rychla vysokofrekvenéni stimulace levého DLPFC. Zde doslo
k signifikantnimu  zlepSeni v bezprosttedni ~ paméti  a pozornosti, a soucasné

také k signifikantni redukci depresivni symptomatologie™®.

Pallanti a spolupracovnici pouzili Ve své vyzkumné studii nizkofrekvenéni stimulaci
nad levym DLPFC podobu tfech tydnt. Doslo k signifikantni redukci depresivni
symptomatologie, a také se objevil trend ke zlepSeni psychomotorického tempa a pozornosti

a fonemické slovni plynulosti — tento trend byl nezavisly na klinické odpovédi na 1écbu™’.

Hoy akolegové udélali post hoc analyzu studii zaméfenych navliv rTMS na kognitivni
funkce unemocnych s farmakorezistentni depresi. Zde nebyla nalezena zadna deteriorace
kognitivnich funkci po aplikaci rTMS, zlepSeni vizuoprostorovych schopnosti bylo spojeno
signifikantn¢ s redukci zavaznosti deprese, coz ukazuje, Ze uroven kognitivnich funkci by

mohla slouzit jako v¢asny prediktor odpovédi na 1écbu’®,

Nov¢jsi vyzkum Concerta ukdzal, Ze diky vysokofrekvencni rTMS doslo k signifikantnimu
poklesu depresivni symptomatologie atoto zlepSeni pretrvavalo po dalSich 6 mésici.

Prechodné zlep3eni se objevilo i ve Stroopové testu, ale nevydrZelo v ase™®.

V odborné literatutfe také nachazime studie, které srovnavaly 1écbu repetitivni transkranialni

magnetickou stimulaci S elektrokonvulzivni terapii (ECT), atonejen co se tyce
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antidepresivniho efektu, ale také dle jejich vlivu nakognitivni funkce. Ze studii vyplyva,
zenarozdil od ECT aplikace rTMS nepifinasi zadné negativni u¢inky na kognitivni

funkcel40,141

Tudiz aplikace rTMS se také nabizi nejen jako moZnost augmentace
unemocnych s farmakorezistentni depresivni poruchou, ale také jako alternativa k ECT —
s aplikaci rTMS budou nemocni ochotngji souhlasit a také bude piijatelnéjsi alternativou

pro ty z psychiatr, kteti perzistuji na etickych aspektech ECT.

8.2.2 rTMS a kognitivni funkce u zdravych dobrovolniki

Nekteré  studie se také zaméfovaly navliv rTMS nakognitivni  funkce U zdravych
dobrovolnikii. Huang ve své studii zkoumal vliv rTMS (aplikované nalevy DLPFC)
U zdravych dobrovolniki na piesnost vykonu uvykonového testu (Go/No Go task
performance) a rychlost odpoveédi, tedy reakéni ¢as (choice reaction time, cRT). Neprokazal
zadny signifikantni rozdil mezi plisobenim aktivni a némé rTMS (placebové, sham stimulace)
na kognitivni funkce. Zjistil vSak statisticky vyznamnou negativni korelaci mezi
procentudlnim zkracenim reakéniho ¢asu a vékem, coz miize naznacovat, ze kognitivni funkce

mladsich osob by mohly byt pomoci aktivni rTMS vice modulovatelné?,

Z dalsich vyzkumu uved'me studii Ramiho, ktery zjistil, ze aplikace vysokofrekven¢éni rTMS
(5Hz) nad levy DLPFC u zdravych jedinc pravaku naruSuje statisticky vyznamné vykon
v ramci verbalni epizodické paméti. Vysledky tohoto vyzkumu dokladaji vyznamnou roli

levého DLPFC v epizodickych verbalnich pamét'ovych procesech143.

Sole-Padulles zkoumal efekt 5 Hz rTMS aplikované bilateralné nad oblasti prefrontalniho
kortexu na pamétové schopnosti a mozkovou aktivaci u starSich lidi, ktefi Si subjektivné
stézovali na zhorSenou pamét, avSak jejich neuropsychologické vySetfeni zaméiené
na domény paméti bylo v normé. Aktivni forma stimulace vedla ke zlepSeni asociacni paméti
a tento kognitivni efekt byl spojen S vzestupem neurondlni aktivace V oblastech pravého

prefrontalniho a posteriorniho kortexu bilateralng™.

Cilem naSi vyzkumné prace bylo zmapovat vliv vysokofrekvencni rTMS U pacientl
s depresivni poruchou na kognitivni funkce. Na béznou klinickou praxi se ndm podatilo
zaradit do studie celkem velky pocet nemocnych, jejich kognitivni funkce byly hodnoceny
komplexni baterii neuropsychologickych testi. Pacienti byli rozdéleni do skupiny lécené
rTMS a skupiny lécené béznymi antidepresivy. Studie ukazala, ze vysokofrekvencni rTMS
aplikovana nad levy DLPFC byla v 1é¢bé kognitivniho deficitu efektivnéjsi, v nékterych

doménach kognitivnich funkci dokonce na hlading statistické signifikance, nez bézna terapie
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antidepresivy. Co se tykalo depresivni symptomatologie, zda se oba zpusoby 1é¢by, rTMS

a antidepresiva, ukazaly byt stejné G¢inné U 1écby lehké az stiedné tézké depresivni poruchy.
Kucerova H, Prikryl R, Navratilova P, Ceskova E, Ustohal L. Ovlivnéni kognitivniho
deficitu unemocnych s depresivni poruchou pomoci rTMS Vv podminkach jednoduse slepé,

randomizované studie. Ceska Slov Psychiatr. 2008; 104 (5): 224-229.
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SOUHRN

Vysetfeno bylo 40 pacienti-muzi-hospitalizovanych na Psychiatrické klinice Lékarské fakulty Masaryvkovy uni-
verzity a Fakultni nemocnice Brno (PK LF MU a FN, Brno). U 22 pacientt se jednalo o depresivni epizodu (F32),
18 zbyvajicich trpélo rekurentni depresivni poruchou (F33) dle Mezinarodni klasifikace nemoci, 10. revize (MKN-
10), diagnosticka kritéria pro vyzkum. O zafazeni do zkoumaného (N=20) nebo kontrolniho (N=20) souboru roz-
hodl generator nahodnych ¢isel. Do zkoumaného souboru byli zaiazeni jen ti nemocni, ktefi podepsali informova-
ny souhlas a nebyla u nich kontraindikace k 1éébé rTMS. Jednotlivé parametry kognitivnich funkei (pamét,
pozornost, exekutivni funkce, slovni plynulost, vizuomotorika, premorbidni intelekt) byly zmapovany pomoci kom-
plexni baterie neuropsychologickych testi., psychopatologie byla hodnocena $kalami HAMD a MADRS. Pfi 1écbé
pomoci r'TMS doslo ke statisticky signifikantnimu zlepSeni psychomotorického tempa (TMT A), odolnosti viéi per-
cepcni a psychické zatézi (CWT), slovni plynulosti (VET) a mnestickych schopnosti - vSechny indexy (WMS-III).
Exekutivni funkce se také statisticky signifikantné zlepsily, a to v kategorii perseverativni odezvy a perseverativni
chyby. Po 1é¢bé antidepresivy nastalo statisticky vyznamné zlepSeni v porovnani se stavem na pocatku lécby ve
Stroopové testu (CWT), v testu Slovni plynulosti (VFT) a ve vSech indexech Wechslerovy pamétové skaly (WMS
IIL.). Pri 1éébé rTMS, na rozdil od 1écby antidepresivy, doslo jesté ke statisticky vyznamnému zlepseni psychomo-
torického tempa a exekutivnich funkei, zejména dimenzi perseverativni odezvy a perseverativni chyby. Lé¢ba anti-
depresivy tyto parametry kognitivnich funkei vyznamné nezmeénila. rTMS se tedy zda v 1é¢ébé kognitivniho defi-
citu u depresivni poruchy efektivnéjii nez lécéba antidepresivy. Mira zmény psychopatologie pacientu lécéenych
r'TMS anebo antidepresivy oviem nesouvisela s dynamikou neuropsychologického vySetieni pfed a po 1écbé. Co se
tyka zavaznosti psychopatologie, vysledky ukazuji, ze oba zpusoby lé¢by, rTMS i antidepresivni medikace, jsou
u lécby lehké az stiedné tézké depresivni poruchy stejné uéinné.

Klic¢ova slova: r'TMS, deprese, kognitivni deficit, psychopatologie.

SUMMARY

Kuéerova H., Prikryl R., Navritilova P., Ceskova E., Ustohal L.: Influencing Cognitive
Deficit in Patients with Depressive Disorder by Means of Repetitive Transcranial Magnetic
Stimulation (¥TMS) Under Conditions of Single Blind Randomized Study

We assessed 40 patients — men hospitalized at Department of Psychiatry, Medical Faculty and Faculty Hospital
Brno. 22 patients were assessed as depressive episode (F32), 18 patients as recurrent depression disorder (F33)
according to ICD 10th revision (research criteria). Patients were distributed into to two groups — rTMS (N=20) and
antidepressants (N=20) treatment by random number generator. Into research group there were included only the-
se patients, who subscribed informed consent and no contraindication to rTMS treatment were present. Different
parameters of cognitive functions (memory, attention, verbal fluency, executive functions, etc.) were measured by
comprehensive neuropsychological test battery, and psychopathology was assessed by HAMD and MADRS scales.
During rTMS stimulation treatment we have found statistically significant improvement in psychomotor speed
(TMT A), tolerance against perceptional and mental stress (CWT), verbal fluency task (VFT), and memory — in all
indexes of WMS III. We have also found improvement in executive functions — in category of perseverative respon-
ses and perseverative errors. After treatment with antidepressants we have found statistically significant impro-
vement in Stroop test (CWT), in Verbal Fluency Task (VFT) and in all indexes of WMS III too. In contrast to anti-
depressants r'TMS stimulation treatment has been furthermore associated with the improvement in psychomotor
speed an executive functions (perseverative responses and perseverative errors). Treatment with antidepressants
did not change these parameters. The degree of depression change has not been correlated with the value of cog-
nitive deficit dynamics before and after treatment setting in patients cured as with ¥TMS as with antidepres-
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sants. Concerning severity of psychopathology, results show that both ways of treatment settings, rTMS and anti-
depressants, are effective in the same way in the treatment of mild and modest depression. In conclusion we can
say, that rTMS is more effective in the attenuation of cognitive deficit in patients suffered form depression than

antidepressants treatment.

Key words: ¥TMS, depression, cognitive deficit, psychopathology.
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1. UvoD

3. METODIKA

Repetitivni transkranialni magneticka stimula-
ce (rTMS) pii 1é¢bé depresivni poruchy a kog-
nitivniho deficitu, soucasny stav znalosti problema-
tiky. Soucasna psychiatricka literatura poskytuje
pomérné malo informaci o moZnostech jak ovlivnit
kognitivni deficit u nemocnych s depresivni poru-
chou. Prace zabyvajici se touto problematikou se
vyznacuji zna¢nou metodologickou rozmanitosti. Ta
spoc¢iva nejen v problematické identifikaci kognitiv-
niho deficitu a moznostech jeho ovlivnéni, ale
i v pouziti raznych neuropsychologickych testq,
v heterogenité depresivniho onemocnéni, v odlisné
definici remise i nestejné 1écby, véetné elektrokon-
vulzivni terapie [6].

Novou mozZnost 1é¢by depresivni poruchy p¥ina-
§i repetitivni transkranialni magneticka stimulace
(rTMS). Blizeji viz ptehled Kuéerova [3].

2. CILE VYZKUMU A TESTOVANE
HYPOTEZY

Vyzkumny problém byl formulovan jako otazka,
zda aplikace rTMS vykazuje urcity prokognitivni
efekt u nemocnych s depresivni poruchou ve srov-
nani se stavem pied 1é¢bou a ve srovnani se skupi-
nou pacientt lé¢enych antidepresivy. Na zakladé
dostupnych ¢lankt vénujicich se této problematice
slo predpokladat, ze u zadného parametru z hod-
nocenych kognitivnich funkci nedojde po aplikaci
rTMS ke zhorseni vykonu [4, 5, 8]. Z toho vychaze-
ly nasledujici hypotézy:

H1: Aktivace levého dorzolateralniho prefrontal-
niho kortexu povede ke zmirnéni kognitivniho defi-
citu u depresivni poruchy.

H2: Zlepseni kognitivniho deficitu bude vétsi
u nemocnych lééenych r'TMS nez antidepresivy.

H3: Dynamika kognitivniho deficitu u pacient
s depresivni poruchou bude souviset se zménou
symptomatologie béhem 1écby.

3.1. Charakteristika souboru

Vysetfeno bylo 40 pacienti-muzu-hospitalizova-
nych na Psychiatrické klinice LF MU a FN v Brné.
U 22 pacientu se jednalo o depresivni epizodu
(F32), 18 zbyvajicich trpélo rekurentni depresivni
poruchou (F33) dle Mezinarodni klasifikace nemo-
ci, 10. revize (MKN-10), diagnosticka kritéria pro
vyzkum. Zavaznost deprese hodnocena Skalou
HAMD nepiesahla 25 boda a nebyla u nich pritom-
na psychoticka symptomatologie ¢i jina psychiatric-
ka komorbidita (izkostné poruchy, poruchy osob-
nosti apod.). Diagnéza byla ovéiena dvéma na sobé
nezavislymi psychiatry. Vék zafazenych nemocnych
byl v rozmezi od 26 do 50 let, pocet let vzdélani byl
v rozmezi 11 az 17 let.. Do studie nebyli zatazeni
nemocni, ktefi jsou 1é¢eni fluoxetinem, depotnimi
antipsychotiky, anebo se u nich v minulosti vysky-
tovalo ¢i je v soucasnosti pfitomné neurologické
onemocnéni (véetné epilepsie ¢i abnormniho EEG
zaznamu), kardiovaskularni, cerebrovaskularni,
endokrinni, systémové autoimunitni, abusus psy-
choaktivnich latek, véetné zavislosti na alkoholu
nebo akutni riziko suicidia. Nepiitomnost abusu
psychoaktivnich latek byla ovéfena provedenim
toxikologického vySetfeni mo¢i na cannabis, amfe-
taminy a opioidy. Po zafazeni do studie byla nemoc-
nym postupné vysazena veskera psychofarmaka.
Béhem celého sledovani byla u vySetfovaného sou-
boru povolena kromé rTMS pouze 1écba prometha-
zinem v denni davce do 100 mg, kontrolni soubor
byl 1é¢en antidepresivy. O zatrazeni do zkoumaného
(N=20) nebo kontrolniho (N=20) souboru rozhodl
generator ndhodnych ¢isel. Do zkoumaného soubo-
ru byli zafazeni jen ti nemocni, ktefi podepsali
informovany souhlas a nebyla u nich kontraindika-
ce k 1é¢bé rTMS.

3.2. Provedeni 1é¢by rTMS

Aplikace rTMS zaéina stanovenim motorického
prahu pacienta a zaméfenim mista stimulace.
Motoricky prah (MP), ktery je registrovan pomoci
elektromyografu (EMG) na m. abductor pollicis bre-
vis lat. dx. Stanoveni MP je definovano jako nejniz-
§1 stimulac¢ni aktivita, ktera z 10 jednotlivych
impulzt povede k nejméné 5 motorickym potencia-
lim o velikosti amplitudy miniméalné 50 mV.
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Vlastni vykon rTMS je definovan lokalizaci aplika-
ce (levy dorzolateralni prefrontalni kortex), intenzi-
tou magnetické stimulace v % MP (110%), frekven-
ci stimulace (15Hz), trvanim série pulzt (10 sec.),
intervaly mezi sekvencemi (30 sec.) a celkovym
poétem aplikovanych stimula (1500). Byla pouzita
,osmickova“ civka, béhem celé aplikace je sledovan
klinicky stav a technické udaje aplikace, véetné tep-
loty stimulac¢ni civky. P¥i dodrzovani bezpec¢nostni-
ho protokolu aplikace riziko komplikaci je a bylo
zanedbatelné.

3.3. Posouzeni psychopatologie

Neuropsychologické vysetieni bylo provedeno
béhem obdobi 7 dnt, které piredchazelo zahajeni
1écby rTMS. Béhem néj byli nemocni bez aktivni
psychofarmakologické medikace. Bezprostiedné
pied zahajenim 1é¢by rTMS byla hodnocena zavaz-
nost psychopatologie Hamiltonovou skalou depre-
se (HAMD) a stupnici Montgomeryho a Asbergové
pro posuzovani deprese (MADRS). Lécba rTMS
byla provadéna kazdy pracovni den do celkového
poc¢tu 15 procedur. Poté bylo opétovné provedeno
neuropsychologické vysetieni a zhodnocena psycho-
patologie (HAMD, MADRS). Hodnoceni zavaznosti
klinického stavu pomoci HAMD, MADRS a vyhod-
nocovani neuropsychologického vysSetieni bylo
u zkoumaného i kontrolniho souboru navzajem
zaslepené.

Neuropsychologické vySetfeni a vyhodnoceni
zavaznosti psychopatologie pomoci HAMD a MADRS
bylo provedeno pted a po 3 tydnech od zahajeni 1é¢by.
Nemocni byli 1é¢eni antidepresivy III. nebo IV. gene-
race, ktera byla podavana v doporucenych terapeu-
tickych davkach. Zvoleni druhu antidepresiva bylo
ponechano na Kklinickém tusudku vyzkumnika
(Venlafaxin+Mirtazapin 3 pac.; Mirtazapin 1 pac.;
SSRI 16 pac.).

3.4. Neuropsychologické vysetireni

Jednotlivé parametry Kkognitivnich funkeci
(pamét, pozornost, exekutivni funkce, slovni plynu-
lost, vizuomotorika, premorbidni intelekt) byly
zmapovany pomoci nasledujicich neuropsychologic-
kych testt, které jsou snadno replikovatelné
a soucasné nepodléhaji zacviku.

Neuropsychologické vySetreni trva hodinu az
hodinu a ptl. VySetieni se provadi i po dobu vice
dni — v zavislosti na moznostech zdravotniho stavu
pacienti. Pouzity byly nasledujici metody:
Ravenovy standardni progresivni matrice, Test ces-
ty (Trail Making Test; TMT; ¢ast A 1 B), Test setrva-
1é pozornosti (Continuous Performance Test; CPT),
Strooptiv Colour-Word Test (CWT), Test vizualniho
a auditivniho reakéniho ¢asu, Wisconsinsky test tii-
déni karet (Wisconsin Card Sorting Test; WCST),
Test verbalni fluence (Verbal Fluency Test; VFT)
a Wechslerova §kala paméti-IIL. (Wechsler Memory
Scale; WMS-IID).
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4. VYSLEDKY

4.1. Skupina lééena rTMS

Kognitivni funkce — statisticky signifikantné se
zlepsilo psychomotorické tempo (TMT A), odolnost
viéi percepéni a psychické zatézi (CWT), slovni ply-
nulost (VFT) a mnestické schopnosti - vSechny
indexy (WMS-III).

Dale byl nalezen mirny trend ke zlepSeni, ne
vsak statisticky signifikantni u kognitivni flexibi-
lity a schopnosti presouvani pozornosti (TMT B)
a mirné se zkratily reakéni c¢asy na vizualni
i auditivni podnéty, ale také ne statisticky signifi-
kantné. K mirnému snizeni vykonu doslo v testu
setrvalé pozornosti (CPT), kdy vykon po rTMS byl
niz&i (delsi reakéni ¢asy) nez pied stimulaci, ale roz-
dil nebyl statisticky signifikantni.

Exekutivni funkce (WCST) se statisticky signifi-
kantné zlepsily v kategorii perseverativni odezvy
a perseverativni chyby, u kategorie odezvy na kon-
ceptualni uroven jsme nalezli mirny trend ke zlep-
Seni vykonu, nikoli v&ak statisticky signifikantné.

4.2. Skupina lé¢ena antidepresivy

Po 1écbé antidepresivy nastalo statisticky
vyznamné zlepSeni v porovnani se stavem na pocat-
ku 1é¢by ve Stroopové testu (CWT), v testu Slovni
plynulosti (VFT) a ve vSech indexech Wechslerovy
pamétové skaly (WMS IIL.).

Vyrazny trend ke zlepseni, ale ne na trovni sta-
tistické signifikance, byl patrny v testech reakénich
¢ast, a to jak vizualniho, tak auditivniho reakéniho
¢asu, a také ve vSech tirech sledovanych kategoriich
WCST.

4.3. Vzajemné srovnani skupin lééenych
rTMS a antidepresivy

Pti 1é¢bé rTMS na rozdil od 1é¢éby antidepresivy
doslo jesté ke statisticky vyznamnému zlepSeni
psychomotorického tempa a exekutivnich funkci,
zejména dimenzi perseverativni odezvy a perse-
verativni chyby. Lécba antidepresivy tyto paramet-
1y kognitivnich funkei vyznamné nezménila. rTMS
se tedy zda v 1écbé kognitivniho deficitu u de-

v

presivni poruchy efektivnéjsi nez 1é¢ba antidepresi-
vy.

4.4. Vysledky psychiatrickych skal —
psychopatologie

Cely zkoumany soubor pred zahajenim jakékoli
1é¢by odpovidal dle psychiatrickych $kal stiredné
tézké depresivni poruse (dle skore HAMD
a MADRS). Mezi skupinami lééenymi pomoci rTMS
a antidepresiv nebyl pired 1é¢bou zadny signifikant-
ni rozdil. Po 1é¢bé doslo k vyznamnému zlepSeni
u obou skupin, ale rozdil mezi skupinami opét nebyl
signifikantni.

Ve skupiné 1é¢ené pomoci rTMS bylo po 1éc¢bé 6
nonrespondéru, 14 respondéru a z toho 5 remitéra.
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U skupiny 1é¢ené antidepresivy bylo 7 nonrespon-
dérq, 13 respondéri a z toho 6 remitért.
Vysledky tedy ukazuji, Ze oba zpusoby 1écby,
rTMS i antidepresivni medikace, jsou u 1é¢by lehké
az stiedné tézké depresivni poruchy, co se tyka
zavaznosti psychopatologie, stejné Gc¢inné.

4.5. Korelace neuropsychologickych testt
a psychopatologie

U souboru pacienta 1ééenych rTMS nebyly shle-
dany zadné statisticky vyznamné korelace mezi
deltou HAMD, respektive MADRS (hodnota celko-
vého skore HAMD, respektive MADRS pred 1écbou
minus hodnota celkového skore HAMD), respektive
MADRS po 1é¢bé déleno hodnotou celkového skore
HAMD, respektive MADRS pted lécbou a nasobeno
100) a deltou jednotlivych neuropsychologickych
test (hodnota celkového skére neuropsychologic-
kého testu pied 1é¢bou minus hodnota celkového
skore neuropsychologického testu po 1éébé déleno
hodnotou celkového skére neuropsychologického
testu pred 1éébou a nasobeno 100). Taktéz korelace
mezi deltou HAMD, respektive MADRS a deltou
celkového kognitivniho skére (soucet vyslednych
skoéru jednotlivych neuropsychologickych testt),
nedosahl statistické vyznamnosti (Spearmanova
korelace, p>0,05).

U souboru pacientt 1é¢enych antidepresivy neby-
ly nalezeny zadné statisticky vyznamné korelace
mezi deltou HAMD, respektive MADRS a deltou
jednotlivych neuropsychologickych test, respekti-
ve deltou celkového kognitivniho skére (Spear-
manova korelace, p>0,05).

Stejné tak nebyla prokazana statisticky vyznam-
na souvislost mezi deltou HAMD, respektive
MADRS a deltou jednotlivych neuropsychologic-
kych testd, respektive deltou kognitivniho deficitu
u vSech zarazenych pacientt (lééenych rTMS
i antidepresivy).

4.6. K platnosti hypotéz

H1: Aktivace levého dorzolateralniho prefrontal-
niho kortexu povede ke zmirnéni kognitivniho defi-
citu u depresivni poruchy.

Tato hypotéza byla potvrzena — doslo ke statis-
ticky signifikantnimu zlepseni psychomotorického
tempa (TMT A), odolnosti vuaéi percepéni
a psychické zatézi (CWT), slovni plynulosti (VFT)
a mnestickych schopnosti - vSechny indexy (WMS-
III). Exekutivni funkce se také statisticky signifi-
kantné zlepsily, a to v kategorii perseverativni odez-
vy a perseverativni chyby.

H2: Zlepseni kognitivniho deficitu bude vétsi
u nemocnych lééenych rTMS nez antidepresivy.

Tato hypotéza byla potvrzena. Po 1écbé antide-
presivy nastalo statisticky vyznamné zlepseni
v porovnani se stavem na pocatku lécby ve
Stroopoveé testu (CWT), v testu Slovni plynulosti
(VFT) a ve vSech indexech Wechslerovy pamétové
skaly (WMS IIL).

Pti 1é¢bé rTMS na rozdil od 1ééby antidepresivy
doslo jesté ke statisticky vyznamnému zlepSeni
psychomotorického tempa a exekutivnich funkei,
zejména dimenzi perseverativni odezvy a perse-
verativni chyby. Lé¢ba antidepresivy tyto paramet-
ry kognitivnich funkci vyznamné nezménila. rTMS
se tedy zda v 1é¢bé kognitivniho deficitu u de-
presivni poruchy efektivnéjsi nez 1é¢ba antidepresi-
vy.

H3: Dynamika kognitivniho deficitu u pacienti
s depresivni poruchou bude souviset se zménou
symptomatologie béhem 1écby.

Tato hypotéza nebyla potvrzena. Mira zmény
psychopatologie pacientti lé¢enych rTMS anebo
antidepresivy nesouvisela s dynamikou neuropsy-
chologického vysetieni pied a po 1écbé.

5. DISKUSE A ZAVER

Na zakladé vysledki neuropsychologického
vySetfeni u pacientt s depresivni poruchou pied
zahajenim 1écby lze ¥ici, Ze vykony pacienti
v testech pouzité neuropsychologické baterie potvr-
zuji existenci kognitivniho deficitu u depresivni
poruchy. To ostatné dokladaji mnohé vyzkumy,
z nichz nékteré byly citovany vyse [9, 11, 14].
Vyjimku v nasem vyzkumu tvotily nadprimérné
vykony v testu inteligence, které byly ziejmé ales-
ponn  Castecné zpusobeny nadhodnocovanim
Ravenovych progresivnich matric u vyssich véko-
vych kategorii (korekéni koeficient dle véku).

Snizeny vykon byl patrny v oblasti exekutivnich
funkei, psychomotorického tempa, paméti (kromé
oddaleného sluchového znovupoznéni) i pozornosti.
Ponékud vyssi vykon v ramci sluchového znovupo-
znani oproti ostatnim pamétovym subtestiim kores-
ponduje s vysledky vyzkumut naznacujicimi, Ze zno-
vupoznani je jednodus$si nez aktivni reprodukce,
vynalozené tsili je tedy mnohem mensi
v ostatnich tkolech, kde je potieba vynalozit vice
asili (tzv. effortful task) [2, 10, 12].

Hlavnim cilem této nasi studie bylo odpovédét na
otazku, jak se zménil vykon pacientti po 1écbé
pomoci repetitivni transkranialni magnetické sti-
mulace (rTMS). Na zakladé vysledkt (zvySeni vyko-
nu ve Stroopové CWT, VFT a WCST) Ize konstato-
vat, ze dosSlo k uréitému zlepseni v rameci
myslenkovych operaci, ve flexibilité mysleni
a celkové v exekutivnich funkcich a slovni plynu-
losti. To znamena, Ze pacienti neméli jiz takovou
tendenci k perseveraci a kognitivni rigidité
a dovedli 1épe vyuzit zpétnou vazbu. Zlepseni
v oblasti exekutivnich funkei souhlasi s vysledky
vyse uvedenych vyzkumu Martise [5], Triggse [13],
Mosera [7], a Fitzgeralda [1].

ZlepSeni pameéti se ukazuje jako pomérné znac-
né, nebot bylo potvrzeno v ramci vsech pamétovych
indext. Otazkou vsak zustava, zda v pripadé logic-
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ké paméti, kde pacienti vyslechnou dva p¥ibéhy,
nemohl hrat uré¢ity vliv uceni z prvniho testovani
pired rTMS, tedy zda si pacienti piibéhy ¢asteéné
nezapamatovali. To by se pak mohlo odrazit v téch
subtestech, které zahrnuji logickou pamét:
v bezprostiednim a oddaleném sluchovém indexu,
v indexu bezprostfedni paméti, v oddaleném slu-
chovém znovupoznani a ve vSeobecné paméti.
Domnivame se vSak, Ze ostatni indexy nemohly byt
nasledkem uceni urcité ovlivnény a také ptilis
nevéfime, ze by si pacienti 4 tydny pamatovali
vyslechnuté pribéhy pi#i obtizich, které jim depre-
sivni porucha alespon ze za¢atku nepochybné zpu-
sobovala.

Zménu psychomotorického tempa nelze, bohuzel,
jednoznaéné posoudit, nebof u ¢asti A Testu cesty
a Stroopova CWT doslo sice k vyznamnému zvyse-
ni vykonu, ovSem v pripadé ¢asti B testu cesty
a obou testd reakénich ¢ast nebyla statisticka
vyznamnost potvrzena a u CPT doslo dokonce ke
snizeni psychomotorického tempa. Bylo by tedy
vhodné v budoucnosti vliv rTTMS na psychomotori-
ku dale zkoumat.

Zvyseni vykonu skupiny pacientt ve Stroopové
CWT naznacuje zlep8eni selektivni pozornosti, sni-
zeni vykonu v CPT doklada naopak zhorseni schop-
nosti udrzet pozornost. Zlep$eni schopnosti pfesou-
vat pozornost (TMT-B) nebylo potvrzeno na hladiné
statistické vyznamnosti. Posoudit jednoznaéné vliv
rTMS na pozornost je viibec dosti obtizné, nebot
(jak jsme uvedli jiz v teoretické ¢asti) pozornost sto-
ji v pozadi vsech kognitivnich funkci, neprojevuje
se tedy pouze v pozornostnich, ale i v dalsich tes-
tech kognitivnich funkei.

Ve shodé s literaturou jsme jednoznaéné proka-
zali pozitivni efekt rTMS na mnestické schopnosti
[1, 5], dale na exekutivni funkce a kognitivni flexi-
bilitu [1, 5, 7] a na slovni plynulost [13]. Na rozdil
od studie Martise [5], ktera udava vyrazné zlepse-
ni psychomotoriky po aplikaci rTMS, nemtzeme
zménu psychomotorického tempa jednoznac¢né
posoudit, protoze v rtuznych testech méricich psy-
chomotorické tempo byly vysledky nasi skupiny
pacientl s depresivni poruchou prilis riznorodé,
stejné jako u testti mé¥icich pozornost.

Kdyz jsme vzali v uvahu vykony jednotlivych
pacientti, bylo zirejmé, ze celkovy profil vykont byl
u kazdého pacienta ponékud odlisny (velka inter-
individualni variabilita). Lze se, bohuzel, pouze
domnivat, pro¢ k témto riznym vysledktim docha-
zi. Divodem muze byt odlisna reakce pacienti na
pusobeni rTMS spolu s vlivem nékterych vnéjsich
i vnitinich faktori. Jako ptriklad uvedme napi. den-
ni dobu vysetieni, jeho délku, porozuméni instruk-
cim, individualni motivaci, inavu, vék, zavaznost
deprese, chroni¢nost deprese a dalsi.

U nemocnych v akutni fazi depresivniho onemoc-
néni (mé¥eno pred podanim antidepresivni medi-
kace) jsme tedy ve shodé s vySe uvedenou literatu-
rou prokazali deficit kognitivnich funkei. Zjistili
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jsme vsak prumérné vykony v testu exekutivnich
funkei, které se jevily jako méné zasazené. Zcela
nenarusena byla turoven vSeobecnych znalosti
nemocnych. Jinak lze konstatovat, Ze na poc¢atku
lécby pacienti vykazovali poruchy pozornosti
a schopnosti verbalniho u¢eni, méli zpomalené psy-
chomotorické a percepéni tempo a problémy
s vybavovanim informaci z paméti. Mirné narusené
se zdaly i vizuomotorické schopnosti, plynulost
a tempo Fe¢i a organizace mysleni. Rozdily mezi
obéma skupinami, tedy skupinou lé¢enou rTMS
a antidepresivy, nebyly co se tyka trovné kognitiv-
nich funkeci pted 1é¢bou signifikantni.

V prubéhu antidepresivni 1é¢by jsme zjistili
v nékterych testech vyznamné zlepSeni.
U skupiny 1é¢ené antidepresivy nastalo statisticky
vyznamné zlepSeni v porovnani se stavem na pocat-
ku 1é¢by ve Stroopové testu (CWT), v testu Slovni
plynulosti (VFT) a ve vSech indexech Wechslerovy
pamétové skaly (WMS IIIL.).

Vyrazny trend ke zlepseni, ale ne na urovni sta-
tistické signifikance, byl patrny v testech reakénich
¢asi, jak vizualniho, tak auditivniho reakéniho
¢asu, a také ve vSech tiech sledovanych kategori-
ich WCST (perseverativni odezvy, perseverativni
chyby a odpovédi na konceptualni troveri).

Co se tyka psychopatologie, cely zkoumany sou-
bor pied zahajenim jakékoli 1écby odpovidal dle
psychiatrickych 8kal stredné tézké depresivni poru-
Se (dle skore HAMD a MADRS). Mezi skupinami
lé¢enymi pomoci rTMS a antidepresiv nebyl pired
1écbou zadny signifikantni rozdil. Po 1écbé doslo
k vyznamnému zlepSeni u obou skupin, ale rozdil
mezi skupinami opét nebyl signifikantni.

Ve skupiné 1é¢ené pomoci rTMS bylo po 1é¢bé 6
nonrespondéry, 14 respondért a z toho 5 remitéra.
U skupiny lécené antidepresivy bylo 7 nonrespon-
dérti, 13 respondért a z toho 6 remitéra.

Vysledky tedy ukazuji, Ze oba zptisoby lécby,
rTMS i antidepresivni medikace, jsou u 1é¢by lehké
az stredné tézké depresivni poruchy, co se tyka
zavaznosti psychopatologie, stejné ucinné. Ukazalo
se, ze dynamika kognitivniho deficitu u pacientt
s depresivni poruchou nesouvisela se zménou
symptomatologie béhem lécby. Mira zmény psycho-
patologie pacientt 1é¢enych rTMS anebo antidepre-
sivy nesouvisela s dynamikou neuropsychologické-
ho vySetieni pred a po 1écbé.

Pii provadéni tohoto vyzkumu jsme si uvédomi-
1i, Ze by bylo zadouci vyvinout specifi¢téjsi nastroje
pro hodnoceni kognitivnich a exekutivnich funkei,
nebot vykony v pouzitych testech jsou vétSinou
zavislé na vice kognitivnich proménnych. Napt.
WCST je kromé testu exekutivnich funkei zaroven
i zkouskou schopnosti piesouvat pozornost, naopak
Strooptiv test, uzivany jako test volni selektivni
pozornosti, vypovida vyznamné o ¢innosti funkei
exekutivnich. Je v§ak viibec mozné tyto psychické
proménné od sebe néjakym zpusobem striktné
oddelit?
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Na zaver této kapitoly mizeme konstatovat, ze antidepresivni efekt repetitivni transkranidlni
magnetické stimulace (rTMS) byl jednoznacné prokazan. Podobné jako u schizofrenie bylo
i U depresivni poruchy prokazano, ze rTMS nevede ke zhorSeni kognitivnich funkci. Naopak
nemald fada provedenych studii prokazala zlepSeni sledovanych parametrii kognitivnich
funkci v pribéhu 1écby pomoci rTMS. Otazka zdaado jaké miry souvisi zlepSeni
kognitivnich funkci se zlepSenim pfiznakd deprese neni jednoznacné zodpovézena.
Perspektivné bude zapotiebi nepochybné dalsi vyzkum zaméteny na potencialni prokognitivni
efekt rTMS u zdravych jedinct, zvlasté v kontextu se sou¢asnymi poznatky 0 neuromodulaci

a neuroplasticite.
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9 Zavér a shrnuti

,Poselstvim* nebo ,take home message” této habilitatni by m¢l byt fakt, Ze studium
kognitivnich funkci u psychiatricky nemocnych je nezpochybnitelné velmi dilezité zejména
pro samotné nemocné, pPro jejich fungovani v bézném kazdodennim zivoté atim padem
pro kvalitu jejich Zivota, coz ma i své nezanedbatelné ekonomické konsekvence. A pravé
neurostimula¢ni metody se ukazuji byt jednou z moznosti, jak narusené kognitivni funkce
ovlivnit. V soucasnosti neurostimula¢ni metody stoji v popiedi zajmu v neuropsychiatrickém
vyzkumu, zejména jako augmentace stavajici psychofarmakoterapie, ktera se v mnoha
ohledech ukazala byt jako nedostatecnd. Ve vyzkumnych studiich s neurostimula¢nimi
metodami je vSak potieba ujednotit metodiku anajit optimalni terapeutickou aplikaci
stimula¢nich metod, tudiz dal§i vyzkum se bude nepochybné soustiedit na nalezeni
algoritmu — optimalniho zpusobu aplikace rTMS. Nicméné v budoucnosti miizeme ocekavat

velky rozvoj v této oblasti neuropsychiatrického vyzkumu.
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Chapter IIT

Schizophrenia

Hana Prikrylova Kucerova, Radovan Prikryl, Zuzana Rihova,
Petra Navratilova, and Eva Ceskova

Abstract

Schizophrenia is often associated with cognitive deficits, particularly within the
domains of attention, memory, executive functions, and language skills. Specific
cognitive deficits have recently been linked to psychotic phenomena, including verbal
hallucinations and disorganized speech. Impairments of working and semantic memory
are primarily due to dysfunction of the frontal cortex, temporal cortex, and hippocampus.

Examination of cognitive functions in patients with schizophrenia is complicated for
many reasons. So far neither a unified examination battery nor a terminological
consensus exists, which causes problems in the acquisition and interpretation of data
(proposal of MATRICS initiative).

Cognitive skills in schizophrenia predict social functioning and may serve as
outcome measures in the development of effective treatment strategies. There are
extensive possibilities to therapeutically influence cognitive dysfunction; however, so far,
their effects have not been investigated in detail. An integrated approach, including

pharmacotherapy, social skills training and cognitive training, seems to be the optimal
solution.

Keywords: Cognitive function—epistemic  function (memory, attention, executive
functions).Cognitive disorder—according to ICD-10, impairment of thought processes,
memory, reduced ability to learn, and reduced concentration and attention. Contextual
reasoning—ability to maintain awareness of the source, quality, and location of input, and
the ability to link those pieces of information. Disorders of contextual reasoning may cause
failure on memory tests in patients with schizophrenia. Deficit—decrease, Jfrom the point of
behaviorism, demonstrations that do not occur with adequate intensity or do not occur at all,
and the absence of which is disruptive or undesirable. Dysfunction—disorder having a
natural course of organic/psychic function; reaction that does not adequately correspond to
its objective; disorder in the function of an organ/system. Executive functions—comprise
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cognitive processes influencing target oriented behavior—they provide Jfor planning, ability
of cognitive reconstruction and flexibility, and distribution of attention. It is a multi-
component system that plays a significant role in every mental operation. Dysexecutive
syndrome is most frequently connected with damage to the prefrontal cortex. Psychic
deficit—permanent deviation, especially behavioral, from the psychic standard. Psychic
function—psychic processes, the most important being cognitive processes, emotions, and
will; humans predominantly interact with. the outside world through psychic functions; these
Junctions can last from a split second Jfor sensomotor reactions to tens of seconds or hours
while thinking; their course changes with developmental changes, condition of the organism,
and environmental influences -Response inhibition—ability to suppress an automatic
response; it is especially manifested in the interference Stroop test or WCST. In patients with
schizophrenia, this ability is usually disrupted. Schizophrenia—generally a concept used for a
whole group of psychoses characterized by loss of sense for the real world, plunging patients
into fantasy, hallucinations, or possibly delusions, which are incomprehensible to others.
Verbal fluency—ability to produce as many words, in a certain category, as possible during a
timed interval; phonematic verbal fluency (category of words beginning with a certain letter)
and categorical verbal fluency (animals, plants, means of transport) are distinguished. It is a
sensitive indicator of the function of the frontal-temporal cerebral area. Working memory—
provides for simultaneous registration of inputs and mental manipulation of these inputs,
such inputs being only temporarily relevant. The basic characteristic of the working memory
is the fact that inputs are carriers of new information that is not immediately transferred into
long-term memory. It provides for continuity between past experiences and the present and is
comprised of active selection, repetition and handling of information. Based on the Baddeley
concept (1992), it consists of three systems: visuospatial sketchpad, phonological loop and a
controlling system, providing for distribution of attention, selection of information and
control of information operations (central executive). The phonological loop maintains
acoustic and verbal inputs for one to two seconds, cooperates with the articulation control
system, which is an analogy of internal speech and influences certain forms of acoustic
projection, which does not depend on articulation. The visuospatial sketchpad consists of a
passive component providing for maintenance of information about objects and scenes and
an active component based on an internal spatial description and repetition of information
and is responsible for planning and movement control. Baddeley A. Working Memory.
Science 1992:556-559.

1. Introduction

Schizophrenia is a severe mental disorder characterized by a variety of signs and
symptoms. Since its earliest conception as “dementia praecox” (i.e., early onset dementia),
impaired cognitive function has also been considered a core feature. Research into cognition
and schizophrenia over the past years has recently been growing. Cognitive deficit is a
virtually omni-present component of schizophrenic psychopathology, independent of other
aspects of schizophrenia. It underlays other symptoms of schizophrenia and affects the
success of therapy, ability of social adaptation and patient’s quality of life.
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The Concept of Cognitive Functioning in Schizophrenia
in a Historic Perspective

Our understanding of the nature and causes of cognitive deficit in schizophrenia has a
history of its own. The discussion was concerned with whether cognitive deficit is a primary
or secondary symptom of the illness. Should cognitive impairment be a major part of the
illness, its incidence would have to be associated with some etiological factors of the illness,
specifically structural change in the CNS (Sharma and Harvey, 2000).

Cognitive deficit in schizophrenia was first observed by Kraepelin as early as a hundred
years ago. He recorded a drop in the intellectual ability of his patients and regarded his
finding as a characteristic important to such an extent that he proposed to use Morel’s term
dementia praecox to refer to the illness. Czech psychiatric literature of the end of the 19"

century uses the term juvenile dementia (dementia juvenilis). Kufner (1897) explains in a°

textbook of psychiatry that “the nature of the illness consists in a relatively speedy and
persisting weakening of the psychic ability. The degree of dementia differs with the
individual” (quoted in Tuma, 1999).

Bleuler (1911) believed that cognitive deficit in schizophrenia has to do with a deficit of
elementary cognitive processes. The intelligence quotient in schizophrenic patients was found
diminished when compared with healthy subjects. Myslivecek (1959) writes in his textbook
of Special Psychiatry that schizophrenic patients do not suffer from a real intellectual languor
(dementia), but that “the patient does not use his intellectual ability adequately and does not
control it efficiently” (Tuma, 1999).

The prevailing belief in the first half of the 20" century was that cognitive deficit in
schizophrenia is not a primary symptom of the illness. It was regarded as a secondary
phenomenon associated with the diminished motivation of the patients regarding testing, with
positive symptoms, patients’ long-term psychiatric hospitalization and, in the second half of
the 20" century, with an undesirable inhibitory effect of typical antipsychotics (Tuma, 1999).
Use of classic antipsychotics, the effect of long-term hospitalization and diminished
motivation then play the role of secondary factors deepening the primary core deficit of
cognitive functions (Rund, 1998).

Another shift in opinions about the nature of cognitive deficit came about with the
development of new research methods. Imaging methods have confirmed and contributed
further details about the incidence of specific structural and functional change in the brains of
schizophrenic patients. Schizophrenia started to be regarded as an illness associated with
impairment of certain brain areas (Tuma, 1999; Keefe et al., 2000; Gold et al., 1999; Green et
al., 2000).

2. Prevalence

Clinically significant cognitive deficit is observed in 40 to 60% of patients. Only in about
15% of patients in good schizophrenic remission, the level of cognitive performance is
comparable with that of healthy subjects (Palmer et al., 1997).

The level of cognitive deficit varies individually significantly. Harvey (1997)
distinguishes between mild, medium and heavy cognitive deficit. Mild deficit Tepresents a
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decrease by 0.5 to 1.0 of the standard deviation (SD) from the mean observed in healthy
subjects. It is characterized by deficit of perception ability, memory deficit and attention
deficit. Medium cognitive deficit is defined by the level of -1.1 to -2.0 of standard deviation.
It is associated with attention deficit, delayed recall, working memory deficit and deficit of
visuomotor skills. Heavy cognitive deficit is defined as -2.1 to -5.0 standard deviations. It
involves learning deficit, deficit of executive functions, diminished psychomotor speed,
speech fluency deficit, and vast memory deficits.

3. Areas of Cognitive Deficit in Schizophrenia

Schizophrenic patients show deficits in a variety of cognitive domains including
executive function, attention, and memory. There is increasing evidence that such deficits are
not global and generalized, but rather they are specific and selective, manifest by distinct
patterns of association and dissociation of performance across different cognitive tasks
(Kuperberg et al., 2000; Rossell and David, 1997; Gold et al., 1992; Saykin et al., 1991).
Other symptoms may include motor skills deficit, some speech and language deficits and
visual perception deficits (Calev, 1999). General intellectual performance decreases in some
patients, too. Cognitive deficit may also be regarded as a result of bad coordination of
individual component cognitive functions (Sharma and Harvey, 2000). Expressive
vocabulary, general knowledge, and detail-abstraction skills remain relatively unimpaired
(Tuma, 1999).

Attention

Schizophrenic patients often exhibit attention deficit, which has a negative impact on
their overall cognitive performance (Neuchterlein, 1991; Cornblatt et al., 1994; Chen and
Faraone, 2000; in Liu, Chiu, Chang, Hwang et al., 2002). The attention deficit is of a complex
nature. Patients find focusing attention hard and are easily distracted by minor and banal
external stimuli. In experimental settings of neuropsychological examinations, their attention
seems to be constantly distracted by events other than those that are part of
neuropsychological testing.

Schizophrenic patients can neither shift attention fast not sustain it. The Continuous
Performance Test (CPT) is designed in such a way that patients are required to respond to
targeted, previously set, and known stimuli. They are part of a series of other stimuli, which
play the role of distracters, distracting attention. Schizophrenic patients have a significantly
higher error rate in the test. They fail both due to neglecting the target stimuli and due to
responding to non-target stimuli. Patients score significantly slower reaction times, being
unable to divide attention between several simultaneous stimuli. Their ability to keep
attention concentrated for a longer period of time is impaired. A sensitive measure of
vigilance in schizophrenic patients is the Trail Making Test (TMT), especially its part B,
which requires fast attention shifting between stimuli of different categories (letters and
numbers). Both attention tenacity and vigilance are impaired; patients are unable to
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concentrate for a longer period of time and find shifting attention to different stimuli very
hard.

Schizophrenic patients are, compared with healthy subjects, less apt at differentiating
target objects against the background of unimportant stimuli (Oltmans et al., 1979). These
patients respond to visual and auditory stimuli more slowly and often inadequately (Shakow,
1979; Libiger, 2002). Abnormal responses on the part of schizophrenic patients have been
observed in reading evoked potentials during psychophysiological testing, too (Bratr et al.,
1991).

In a number of patients, attention deficit is not associated with any other deficits of other
parameters of cognitive functioning. In some patients, however, attention deficit has a
negative effect on the working memory—especially during testing when patients sometimes
make mistakes due to not being able to store the test instruction in their short-term memories.

Memory

Schizophrenic patients exhibit a wide range of memory deficits, showing deficient
performance regarding almost all types of memory except for procedural (non-declarative)
memory. The question, however, remains in which stage the impairment of the memory
process occurs. Declarative memory may be divided by the type of information (e.g., visual,
auditory, semantic, and episodic) and by the time for which information is retained (working,
short-term, long-term memory).

A meta-analysis of 70 studies undertaken by Aleman et al. (1999; also Regland et al.,
1996) shows that schizophrenic patients are characterized by diminished performance in
terms of declarative memory compared with healthy subjects. Cirillo and Seidman (2003)
analyzed 100 studies focusing on verbal declarative memory. Paulsen et al. (1995) found that
schizophrenic patients perform by up to two standard deviations poorer when recalling words
in California Verbal Learning Test (CVLT). On standardized Wechsler Memory Scale III
(WMS-IIL; Psychological Corporation, 1997), the mean index of immediate auditory memory
was one standard deviation lower than that of healthy subjects. The number of recalled items
gets higher when patients are provided so-called key clues, and this improvement is higher in
recognition than in free recall. Despite all this, the level of recall in all three modes (free
recall, recognition and recall with code key) is poorer than in healthy subjects. The
disproportion between performance on free recall and recognition supports the hypothesis that
memory processes are affected in the recall stage rather than in the fixation or retention stage
and that coordination of stimuli is less efficient than in healthy individuals.

The deficit of stimuli coding and consolidation is held to be associated with an
impairment of the hippocampus and other structures of the temporal lobe (Squire, 1992;
Hijman, 1996).

Verbal declarative memory depends on quality of information coding, storage and recall.
It may be the case that the failure in memory tests that has been attributed to recall deficit is
primarily due to a deficit in information coding. It is likely that this kind of deficit has to do
with a deficit of spontaneous organization of material being stored in memory—i.e., rather
with frontal brain area activity. This hypothesis was tested e.g., by Maher et al. (1995). They
presented patients with a list of words whose repeated reading could highlight certain
semantic relations and help patients arrange the words in a sentence. Most patients with
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schizophrenia and schizoaffective disorders were not capable of a contextual approach
(coding the words based on arranging them in a sentence). Maher et al. (1995) were,
therefore, basically exploring associational and contextual reasoning in patients. Contextual
memory and information linkage ability is what the study by Waters et al. (2004)
concentrated on, too. These researchers acted on the assumption that the awareness of context
and memory item content are functionally independent components related to two
anatomically distinct areas. Besides storing the relevant characteristic, retaining a certain
event in memory requires the ability of contextual linkage, too. Contextual memory includes
ability of information source identification, arranging the information in time, setting it and
localizing it in space. Waters et al. (2004) examined 43 schizophrenic patients using a special
method based on source identification, localization, and temporal arrangement of information
(i.e., contextual reasoning). They found that patients performed poorer compared with healthy
subjects both on free recall and on stimuli recognition. Patients found generating a clear
contextual representation of the event heard (they failed in retaining some context
characteristics).

Impaired recall ability is sometimes explained by a memory consolidation deficit
(Goldberg et al., 1989; Gold et al., 1992), use of an inadequate strategy in free recall
(Goldberg et al., 1989) and fast forgetting (McKenna et al., 1990). Another possible
explanation for memory deficit in schizophrenia is the presence of a primary dysfunction of
the executive component, namely inhibition deficit. Schizophrenic patients experience
problems when they are to select relevant information in everyday situations. They find
ignoring insignificant stimuli and inhibiting inadequate answers hard. The ability to suppress
undesirable coding and information recall is examined using the directed forgetting (DF)
paradigm. Miiller et al. (2004) proved that schizophrenic patients are better at recognizing
stimuli they were instructed to retain than stimuli they were instructed to forget. Up to this
point, the results of patients and healthy subjects are the same. Schizophrenic patients in the
study were, nevertheless, unable to adhere to the instruction regarding directed forgetting with
the same success as healthy controls. The directed forgetting deficit was linked to the duration
of the illness but not severity of symptoms. It may, therefore, be the case that the drop in
items retained in memory is due to an inability to “filter out” irrelevant stimuli, causing a
certain “contamination” to the patient’s memory capacity.

There has been evidence that episodic (autobiographical) memory is impaired in
schizophrenic patients, too. Feinstein et al. (1998) found that compared with healthy subjects
who remember their childhood, early adulthood and recent past just as well, the memory
w profile of schizophrenic patients forms a U-curve typical of schizophrenia. This means that

they remember events from childhood and recent past relatively well, but are worse at
\ recalling events from early maturity compared with healthy individuals.

One specific area of cognitive dysfunction in schizophrenic patients is working memory.
Working memory mediates a temporary storage of information and mental manipulation of
contents. Working memory deficit in schizophrenic patients is regarded as an irrefutable fact
nowadays. At the same time, psychiatric literature keeps searching for evidence to support
one of the following hypotheses: whether working memory deficit is one of the core
neuropsychological deficits, causing patient failure in other cognitive areas, or whether it is a
secondary deficit. For example Javitt et al. (1999) explain working memory deficit by an
impairment of the ability of information coding. Tek at al. (2002) in their study consider the
possible influence of perception recognition of object characteristics and space characteristics

—
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on working memory. Their schizophrenic patients performed poorer in recognition of object
characteristics (e.g., color, shape, etc.) compared with healthy volunteers. Patients performed
poorer in tests demanding in terms of spatial working memory. The authors conclude that
schizophrenic patients suffer from dysfunction of posterior brain areas, which mediate visual
information processing, and of the prefrontal area affecting information retention during short
interference. The systems mediating operation of working memory for object and spatial
characteristics seem to be distinct. The question whether working memory deficit is rather
due to perception deficit however remains unanswered. E.g., Wexler et al. (1998) and Stevens
et al. (2000) confirmed an auditory working memory deficit in schizophrenic patients,
disproving impairment of the ability to discern between sounds.

Silver et al. (2003) argue in favor of the hypothesis that working memory deficit is one of
the core cognitive symptoms of schizophrenia and therefore a primary deficit. They compared
performance of a group of patients with a group of healthy controls, focusing on quality of
verbal working memory and spatial working memory. They searched for correlations of the
areas under examination with other cognitive functions (for their findings see Table 1).

Table 1. Adopted from Silver et al. (2003)

Verbal working memory Spatial working memory
Visual retention Visual retention

Visual orientation Visual orientation

Motor functions Object retention
Visuomotor coordination Face retention

Executive functions Motor functions

Silver et al. (2003) found working memory performance in schizophrenic patients to
correlate with other cognitive functions, whereas no significant correlations were found in
healthy subjects. Moreover, each type of working memory was found to correlate with a
different group of cognitive functions. Compared with healthy individuals, patients had worse
verbal working memory, but their performance in tasks testing spatial working memory was
not impaired. Neither of the working memory domains tested correlated with attention, which
the authors regard as an argument in support of the hypothesis that attention deficit is not at
the core of working memory deficit in schizophrenic patients.

The way in which the operation of individual working memory types is organized varies
(Tek, 2002). Dorsal prefrontal areas are reciprocally linked to inferior and posterior parietal
areas, mediating thus spatial information processing (localization of information providing
answers to “Where?" questions). Ventral prefrontal areas are linked to the inferior temporal
visual area, mediating object information processing (i.e., information on “What” we see—
e.g., color, shape, face, etc.).
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Executive (Information-Management) Functions

Working memory deficit is held to be associated with the dorsolateral prefrontal cortex.
Its dysfunction gets manifested, among other things, by the syndrome of executive
(information-management) functions’ deficit, i.e., the so-called “dysexecutive syndrome.”

Prefrontal cortex is regarded as an area where internalized schemata for immediate
further action, i.e., schemata into which multi-sensor information from dorsally situated
association brain areas mingle and get formed. The linked limbic system signals information
context based on long-term memory (the hippocampus) and emotional meaning (the
amygdala). Schizophrenic patients, similar to patients with traumatic lesions of the prefrontal
cortex, under-perform in a number of tests requiring the ability to retain information in
memory for a short period of time and use it and its new combinations flexibly in further
tasks. Working memory serves as a basis for activities typical of the humankind:
understanding, planning and behavior algorithmization. Metaphorically speaking, it plays the
role of a “writing pad” or a running plan of behavior. If this kind of information cannot be
read from this “mental notepad,” our behavior is devoid of management stimuli and our
thoughts lack fluency and adequate context. If we forget to remove something from our
“notepad,” it comes back stereotypically. Working memory breakdown is manifested not by
amnesia, but an inability to recall from memory and use a behavior- and action-organizing
context (Libiger, 2002; in Hoschl et al., 2002).

Deficit of executive functions in schizophrenia is manifested by hardships experienced by
patients performing certain kinds of tasks. They are hardships in plan-making and
implementation and difficulties at task solution (especially when new combinations of
existing information are to be used), together with the consequence of a working memory
deficit (Sharma and Harvey, 2000). Deficit of executive functions is, therefore, associated
with patients experiencing difficulties in planning, cognitive reconstruction, flexibility and
abstraction ability (Tuma and Lenderova, 2001).

In many schizophrenic patients, the core of functional deficit consists in the fact that
behavior-management functions are impaired. They rely on:

e conation;

e attention regulation;

e the planning ability;

e the ability of purposeful behavior and goal attaining (Tuma, 1999).

According to Lezak (2004), the executive process involves several stages: decision,
planning, purposeful action, and efficient performance. All individual components of the
executive process are necessary to guarantee adequate, socially responsible, and self-caring
behavior. Velligan et al. (1999) extend and specify the definition: executive functions include
abstraction, activity initiation, planning and sequencing, self-monitoring, inhibition of
behavior preventing goal attainment, and ability to organize and direct memory and attention.
Other authors, e.g., Rossi et al. (1996) and Bustini et al. (1998), extend the definition of
executive functions to include the ability of concept forming and mental flexibility.

Dysexecutive syndrome has been found in schizophrenic patients repeatedly and is
currently regarded as one of the main cognitive deficits (Morice and Delahunty, 1996;
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Goldsamt, 1993; Goldman, 1992 and others). In the Wisconsin Card Sorting Test (WCST),
schizophrenic patients show a lower level of conceptualization and cognitive flexibility taking
the form of an increased number of persevering mistakes and a small number of categories
completed when compared with patients with affective disorders (Morice, 1996; Goldsamt,
1993). Considering that Goldman et al. (1992) found that schizophrenic patients are able to
profit from key cues (i.e., administrator’s instructions during the testing) in the test, this
patients’ failure is to be attributed to impaired concept-forming ability rather than failure in
concept application. Goldberg et al. (1990), Schmand et al., (1992), Andreasen et al. (1992)
and others have repeatedly confirmed that schizophrenic patients fail in Tower of Hanoi test.
Patients are slower in the test than healthy individuals, using more steps to finish the task and
exhibiting lower frontal activity. Probably due to the complexity of the executive functions
construct, there is relatively little agreement about how the findings of individual studies
should be interpreted. According to Morice and Delahunty (1996), failure in executive tests is
underlain by a decreased level of analytical and anticipatory thinking. Other authors (Miiller
etal., 2004; Frith et al., 1991) believe the cause to be planning deficit and reduced rather than
a deficit regarding inhibition of undesirable (automatic) responses or inability to remember
the context (Bustini et al., 1998).

Executive deficit is one of the most important predictors of social skills, work efficiency,
and life quality in schizophrenic patients.

Language and Speech Skills

Attention deficit, memory deficit and deficit of executive functions in schizophrenic
patients are accompanied by an evident impairment of the speech ability.

As Timothy Crow has said, “schizophrenia is the price the humankind pays for speech
development.” Neologisms, paralogues, broken syntax, association disorders, and other
disorders ranked with formal thinking disorders are the symptoms characteristic of impaired
speech of schizophrenic patients. Verbal fluency (ability to recall as many words within a
time interval as possible, word generation ability) is a function of the frontal lobes. As far as
speech is concerned, their impairment is manifested by diminished spontaneity of verbal
expression (Tuma, 1999).

Verbal fluency (VF) deficits have been observed in schizophrenic patients repeatedly.
When VF is tested, two fundamental processes are activated: recall and vocabulary. The
deficit may be due to an impairment of either or both processes. Chen et al. (2000) in their
study tested the share of the individual processes on quality of verbal fluency in schizophrenic
patients. They found not only decreased verbal production within a time limit, but also a
restricted lexicon available to the patients. They found no connection between verbal fluency
and the clinical profile (i.e., negative symptoms), education, age and duration of illness.
Robert et al. (1997) considered in their research the possibility of decreasing verbal fluency
by generation of the so-called semantic clusters (clusters of associations). They found patients
had not only generally lower verbal fluency, but also produced lower numbers of clusters of
associations compared with healthy subjects. (The term “clusters of associations® is used to
refer to the approach to verbal fluency testing when the patients name e.g., cat, dog, cow,
goat—domestic animals, mammals—within the “animals* category and then e.g., duck,
goose, hen—poultry, etc.) On the other hand, Beilen et al. (2004) found based on their
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research that patients form just as many clusters as healthy individuals and switch from one
cluster of associations to another just as often as healthy subjects but produce fewer words per
cluster. Joyce et al. (1996) attempted to determine quality of recollection using keyword
prompts (such as “farm animals” “domestic animals” “jungle animals”, etc.). They found that
patients were able to profit from the prompts—their performance improved significantly.
Healthy individuals profited from the prompts just as well. The same conclusions were
arrived at by Feinstein et al. (1998), who conclude that verbal fluency deficit is not due to
impaired recollection. Moreover, they found that although healthy individuals produce more
words in semantic (category) tests of verbal fluency and phonological category definition is
more difficult for them, the situation is reverse in schizophrenic patients. Therefore, it seems
that it is performance rather than recollection quality that influences the type of information
solicited (semantic vs. phonological categories).

Freer associations and fragmentation of thinking are often manifested by irrelevant
material included in the answer, which thus loses coherence and causes to be an adequate
response to the question asked.

In heavy forms of schizophrenia, abstraction becomes less available; patients tend to
provide concrete answers; the subjects are not able to abstract metaphorical meaning (Libiger,
2002).

In tests of semantic memory, patients respond increasingly to clues or priming (in the
form of pairs of related concepts). Patients are to distinguish words from non-words on a
computer screen and respond to them. If the word presented is proceeded by a related term
(meadow—grass), the word is usually recognized faster by the person. If the words are not
related, the decision about their meaning takes more time. According to some studies, patients
with schizophrenia and formal thinking deficit need less time than healthy individuals to
decide about the meaning of words. They are able to grasp the relation faster than healthy
individuals. Patients’ delay in some tests of semantic memory, evidencing harder access to
concepts, can be regarded in the light of these findings as a kind of protective compensatory
slow-down. It prevents them from generating excessively free associations, wiping away of
differences between categories and over-inclusive thinking. Increased noise in the
hyperplastic semantic network serves to reduce the ability to find more connections than
useful (Libiger, 2002).

Motor Skills

The basic dysfunctions in schizophrenia include the inability of patients to perform some
motor-skills-based tasks. They perform motor tasks inefficiently, slower; the movement is
broken-down, and patients have an impaired ability to learn from their mistakes and correct
them (Malenka et al.,, 1986). Their motor performance is characterized by perseveration
patterns, their ability of behavior change is reduced and sometimes even an inability to finish
an action started may be observed (Binder and Goldberg, 1987). Some authors regard
tracking eye movement deficits as a marker of vulnerability to schizophrenia (Neuchterlein,
1991). If abnormal tracking eye movements are present, the finding is stable during the course
of the illness (irrespective of the stage) and cannot be influenced by classic antipsychotics
adnfinistration very much. Some studies demonstrated a connection between abnormal
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tracking eye movements and underperformance in neuropsychological tests of frontal
functions (Levy et al., 1993).

Intellectual Skills

Intelligence quotient (IQ) may be regarded as a global output characterizing the quality of
cognitive functions. IQ scores are less affected by schizophrenia as they depend on skills
learned before the onset of the illness (Harvey, 1997).

Experts have recently been returning to the question whether schizophrenia is a dementia
in the sense of a progressing intellectual decline or not. Poorer performance on IQ tests during
the illness is explained by the effect of specific cognitive function deficits (Sharma and
Harvey, 2000); as many as 51% of patients show a decline in premorbid IQ of over 10 points.
This drop is due to memory deficit, attention deficit and executive functions deficit. Twenty-
three percent of patients have mediocre IQ scores, showing no deterioration. In their case,
memory, attention and executive functions deficits are joined by a speech deficit and a
perception process deficit. Twenty-nine percent of patients have stationary, average IQ
scores—they suffer from attention deficit and executive functions deficit (Weickert et al.,
2000).

The study by Weickert et al. (2000) has also shown that intellectual and cognitive
functions deficit need not be present in all patients before the onset of the psychosis. The
finding supports the fact that in many, but not all, patients, a clinically manifested onset of the
illness is followed by a cognitive decline.

The degree to which cognitive processes are influenced by IQ score has been unclear.
Sharma found a connection between failure at school and retarded motor development,
speech disorders and development of schizophrenia (Tuma and Lenderova, 2001).

Cognitive Deficit in Schizophrenia—Neuropsychological Studies

It is not the goal of the following chapter to provide a survey of all basic studies
concerning cognitive deficit in schizophrenic patients. They are innumerable, and our
understanding of the area has been developing constantly. Instead, our goal is rather to point
out the stumbling blocks of research in cognitive functions—whether interpretational or
terminological.

For the sake of completeness, we will mention several studies focusing on different
aspects of cognitive deficit in schizophrenic patients. They will be described briefly, and
some specifics to be paid increased attention will be pointed out.

Cuesta, Peralta and Zarzulela (1998) undertook research focused on the connection
between duration of schizophrenia and depth of cognitive deficit. The study included 69
patients. Patients were evaluated on the SAPS and SANS scales (Scale for the Assessment of
Positive Symptoms, Scale for the Assessment of Negative Symptoms) to determine positive
and negative symptoms. Cognitive deficit was tested using an extensive battery including four
WAIS subtests (Wechsler Adult Intelligence Scale; Information, Vocabulary, Cubes,
Symbols) and WCST (Wisconsin Card Sorting Test). They also used a Spanish
neuropsychological battery including a verbal fluency test (animals in one min, words
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beginning with P in three min), a test of visual and verbal memory (immediate and delayed
recall of geometric shapes and text), and a discrimination test of attention (making out
overlapping shapes). Patients were tested after the end of the acute stage of illness. Testing
was done in two sessions as a maximum and lasted for not more than two hours. The findings
of the study demonstrated a significant connection between duration of the illness and quality
of the visuomotor process (TMT A, B, and Symbols) and delayed visual memory (accuracy of
recollection of Rey-Osterrieth's complex figure). The longer the duration of the illness, the
worse patients performed in these two areas.

Evans et al. (2004) observed cognitive and clinical predictors of success at work among
| schizophrenic patients. The study included 112 patients, who undertook a neuropsychiatric
| examination after being enrolled in one or another work scheme. The neuropsychological
examination tested the level of learning and memory, attention, information-processing speed
and executive functions. The neuropsychological battery included the following tests:
California Verbal Learning Test (CVLT—learning a list of words in five attempts,
recollection after interference and after delay), The Wisconsin Card Sorting Test (WCST), the
Numeric Series subtest from WAIS-III, Symbols from WAIS-III and TMT—parts A and B.
Clinical symptoms were assessed on PANSS (Positive and Negative Symptoms Scale).
‘ Success at work was monitored at four months after the basic examination, including tests of
work success (earnings) and efficiency at work (measured by the Work Behavior Inventory
| questionnaire, WBI). Negative symptoms, learning and memory and cognitive
| disorganization correlated with duration of employment and wages. It was verbal learning and

memory, together with cognitive disorganization, that proved to be significant predictors of
work behavior.

Nathaniel-James et al. (1996) explored the relation between memory deficit and

‘ executive functions. They compared a group of 25 schizophrenic patients with 25 healthy

| subjects. Patients were examined using the following tests: Recognition Memory Test for

| Words, California Verbal Learning Test (CVLT), Verbal Fluency Test (phonematic version),
Wisconsin Card Sorting Test (WCST), and Hayling Sentence Completion Test. Patients
showed a significant drop in performance concerning immediate memory and a relatively
unchanged recollection after delay. As far as verbal memory and re-identification were
concerned, patients performed just as well as the control group. Memory deficit was present
disregarding the coding strategy and had no connection to the duration of the illness. Patients
also failed in executive functions tests, but a deeper deficit was observed in tests requiring
initiation/inhibition of response. The authors conclude their study by saying that specific
areas of executive functions (initiation and inhibition of response) seem to contribute to
memory deficit.

Weickert et al. (2000) explored the connection between the level of cognitive functions
and intellect. They examined 117 patients and 27 healthy controls. The actual level of 1Q
score was determined using four WAIS-R subtests (Counting, Symbols, Puzzles, and
Details); premorbid intellect was assessed using the Reading subtest from WRAT (The Wide
Range Achievement Test). The subtest is regarded as a sensitive method for premorbid 1Q
determination as it is believed that reading skills are something a person acquires prior to the

| onset of the illness. The neuropsychological battery contained subtests Logical Memory and
‘ Visual Memory from WMS-R (Wechsler Memory Scale Revisited), CVLT, Boston Naming
Test, Vetbal Fluency Test, CPT, WCST, The Benton Line Orientation Test, TMT (A, B) and
The Finger Tapping Test.
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In 60 patients (51%) who showed an IQ drop of 10 points or more, a deficit of executive
functions, memory and attention was recorded. Twenty-eight patients (23%) with both
premorbid and current IQ scores below average showed no drop in IQ scores. Patients from
this group, however, failed in language and visual information processing, executive
functions, memory and attention. Twenty-nine patients (25%) had average 1Q scores; they
showed no drop in intellectual skills, and their cognitive functions profile was comparable
with that of healthy subjects except for the executive area. The authors of the study conclude
from their findings that an IQ drop is not a universal characteristic of the illness and that
deterioration of executive functions and attention are likely to be core symptoms of
schizophrenia, regardless 1Q change.

Table 2.
Cuesta, Peralta Biahcetal Nathaniel- Ceskova MATRICS Weickert et
and Zarzulela (2004) * | James et al. (1999) (Kern et al., al. (2000)
(1998) (1995) 2004)
CVLT—first learning memory
attempts
CVLT— recall secondary verbal memory declarative
after interference | memory memory
and delayed
recall
WCST— executive executive executive test of executive
perseverance functioning functioning | functioning “frontal functioning
erTors functions” and
WCST—number | executive executive executive insufficiently switching
of categories functioning functioning | functioning specific,
completed measures
rather
generalized
deficit
TMT A information visuomotor visuomotor psychomotor
processing speed | functioning skills speed
and psychomotor
speed
TMT B executive visuomotor
functioning functioning
Numeric series short-term
(WAIS-III) memory
Symbols information
(WAIS-IIT) processing speed
and psychomotor
speed
Rey-Osterrieth’s Memory
comprehensive
figure
Verbal fluency executive speech Information | recall and
functioning functions processing lexical
speed integrity
Letter-Number working working
Span Test memory memory
CPT » attention attention/ attention
vigilance

——
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Since most neuropsychological tests measure several components simultanéously,
approaches to interpreting their results differ, too; individual authors stress different
parameters of the functions under analysis. Table 2 presents a review of methods used in the
above research studies, including methods the authors use to interpret their findings.

Table 3. Tests of cognitive functioning

Test Logical [ Verbal pair | Verbal R-O | T™MT Numeric | Tower of Stroop WCST
Cogn. function memory | associations | fluency | figure | A) square Hanoi test
(revised
version)
Memory ++1) ++2) g 3) +4) ++5) ++3) +3) ++3)
PM ++ - ++ ++ ++ ++
Speech (verbal + + ++ -
fluency,
dysarthria,
aphasia)
Construction -
practice
Visuomotor ++ G E
coordination
Management + ++ + o
functions
(executive f.)
Attention ++ ++ ++ ++ ++ ++ ++ ++ ++
Resistance to + + + + + + + ++ +
stress

1) learning, short-term logical memory for auditory stimuli, 2) associative learning, 3) working
memory, 4) memory for visual stimuli, 5) learning, memory for visual stimuli, spatial arrangement
and movement.

Interpretation of test results is an extremely complicated issue, as most tasks require
activating several cognitive areas. Quantitative data processing, moreover, misses information
concerning patients and their performance that may otherwise be obtained only through
observation and qualitative analysis.

Table 3 provides a list of some diagnostic methods in general use. It shows to what extent
the individual methods are sensitive to areas of cognitive deficit (Tuma and Lenderova,
2001).

Although the study of cognitive deficit encompasses much research, there is little
consistency among individual findings. We tend to ascribe the fact to the small number of
comparative and double-blind studies. Small patient groups are tested, too. The period of
monitoring (e.g., of influencing the deficit pharmacotherapeutically or rehabilitatively, its
development in time, etc.) is usually relatively short. The study of development of the illness
with respect to cognitive deficit is dominated by cross-sectional studies, although research
would profit from a higher number of longitudinal ones. Control groups are based on sex, age
and achieved education of the subjects as the main criteria, while balancing groups in terms of
age, sex and IQ scores seems more useful. Moreover, no universal test battery has been
available, as a consequence of which different studies use different examination methods and
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nonintegrated terminology. Distinguishing between long-term inpatients and outpatients is
given little emphasis, too.

It is, therefore, a challenge for neurocognitive testing to develop an integrated
neuropsychological battery and a unified terminology for future use.

Connections between Cognitive Deficit and Factors of the Iliness (Age,
Symptoms, Social Integration, Course, etc.)

Cognitive deficit is an important dimension of schizophrenia allowing us to observe
certain principles of development over time. It is necessary to further study factors related to
the degree of cognitive deficit—such as symptoms of the illness, demographic data, quality of
social integration and also the course of the illness itself.

The study of the connection between parameters of cognitive deficit and clinical factors
of schizophrenia (especially symptoms) has had unequivocal results, despite the fact that
some studies in this area attempt to predict future development of clinical factors from the
level of cognitive deficit at the onset of illness or the degree of its change over time.

Not all research did confirm a connection between change of symptomatology of the
illness and cognitive deficit (Hoff et al., 2005; Heaton et al., 2001; Sweeney et al., 1991).
These studies thus allow us to regard neuropsychological deficit as independent of the
characteristics and change of the clinical status, regarding cognitive deficit as a “trait factor”
of the illness.

A connection between cognition and symptoms was, conversely, suggested by other
studies. Gold et al. (1999) found a connection between negative symptoms of schizophrenia
and cognitive performance. Change of negative symptoms over time correlated with change
of overall and verbal 1Q scores. Performance IQ was in no relation to the symptoms. An
improvement of verbal cognition was observed in cases when negative symptoms improved.
Neither psychotic nor disorganized symptoms correlated with 1Q. The study supports the
view that negative symptoms are associated with a more serious course of development of
cognitive performance, being linked to the primary cognitive deficit in schizophrenia.
Nopoulos et al. (1994), too, found a correlation between the degree of improvement in some
neuropsychological indicators and change of clinical symptoms. This concerned namely
concentration of attention and inhibition of attention. Since these functions fluctuate over
time, imitating clinical symptoms, referring to them as “state factors,” seems useful.

Verdoux (Verdoux et al., 2002) attempted to determine whether an initial memory and
executive deficit identified after two years predict worse social integration and clinical
development in patients first treated with psychosis (irrespective of the diagnostic category).
A worse memory performance proved to represent a greater risk of psychotic symptoms and
rehospitalization. All in all, cognitive performance was a better predictor of clinical
development than of social integration.

Chen et al. (2005) set out to identify cognitive predictors of a schizophrenic relapse. They
found a significant difference between the relapse rate of patients with good compliance to
therapy and patients without good compliance. Regression analysis used in checking the
degree”of compliance subsequently showed that the rate of perseverance errors in Wisconsin
Card Sorting Test was a significant predictor of relapse (ratio 2:4). Cognitive flexibility and
its impairment, therefore, can be an indicator of a tendency towards relapse. Carlsson et al.
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(2006), too, used patients’ cognitive performance to predict future development of
schizophrenic symptomatology. They found that lower total IQ scores predict negative
symptoms within one year.

The relation between response to therapy and cognitive performance was the subject of
the study undertaken by Goldstein et al. (2002). They assumed that neurocognitive deficit
may predict response to therapy in patients with first-episode schizophrenia. They namely
explored the effect of cognition on adjustment of formal thinking deficit. Depending on
change in this category, they divided the group into responders and non-responders and
compared the subgroups. Compared with the nonresponders, the group of responders proved
to be younger at the time of the testing, had a higher verbal IQ scores, higher scores in
arithmetic WAIS-R subtests and lower rates of perseverance answers in Wisconsin Card
Sorting Test. Responders had higher volumes of the frontal lobe, too. Semantically charged
tasks had no connection to the number of responses. The study demonstrated a connection
between improvement of formal thinking deficit and executive functions, which supports the
hypothesis that the frontal system may play a role in response to therapy aimed at positive
psychotic symptoms.

These results open the possibility of predicting different aspects of functional
development of schizophrenia based on neurocognitive performance.

Visualization Methods for Schizophrenia

The greatest progress in research of cognitive functions is represented by functional
visualization methods (functional nuclear magnetic resonance imaging—fMRI, single photon
emission computer tomography—SPECT, positron emission tomography—PET, and
magnetic resonance spectroscopy—MRS).

Structural magnetic resonance shows, thanks to its higher discrimination, the
morphological finding of extended ventricles in schizophrenic patients, which were
confirmed using computer tomography (CT) at the end of the 1980s. Nearly 200 MR studies
(Hajek, 2002, in Hoschl et al., 2002) monitoring cerebral changes in schizophrenic
individuals are available. Of this set, 77% of the studies have confirmed an extension of the
lateral ventricles, and 67% have confirmed an extension of the third chamber. Most structural
abnormalities are locally concentrated in the area of the temporal lobe. Reduction of temporal
lobe volume has been found in 62% of 37 studies. Most of the studies, which examined the
temporal cortex, found a reduction in the volume of the gyrus temporalis superior,
hippocampus, amygdala and gyrus parahippocampalis. Findings in the frontal lobe are
somewhat less consistent—some reduction was found in 55% of focused studies. About two-
thirds of the work focused on the subcortical structures found variations in the thalamus,
corpus callosum, and basal ganglia areas. MRI studies have frequently shown a reduction in
gray matter in the brain of schizophrenic patients. The reduction is more extensive in the
temporal and prefrontal cortex than in other parts of the brain. MRI also revealed that,
although the extension of the cerebral chambers and reduction of the gray matter is present in
patients of childhood age and is largely static, in some patients, at least, a progression of the
atrophic changes can still occur.

The atrophic changes are not accompanied by gliosis (hypertrophy of supportive cerebral
cells that impair the cerebral activity and thus cognitive functions), as might be expected in
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cases of degenerative changes taking place during aging. The absence of the glial reaction is,
therefore, indirect evidence supporting the theory of early development, in schizophrenia, of
pathomorphological changes in the CNS. Structural changes in the brain of schizophrenics
have been extensively reviewed by Koukolik (1992). A contrasting approach is offered by
psychopathological findings related to schizophrenia in various anatomically localized brain
injuries (Table 4) (Tuma and Lenderova, 2001).

Studies involving functional neuroimaging during several different cognitive tasks
suggest that schizophrenia is associated with a widespread dysfunction within a network of
brain areas involving the frontal and temporal cortex, the hippocampus, and subcortical
regions.

Impaired dorsolateral prefrontal cortex (DLPFC) function has been linked with impaired
working memory (WM)—the internal representation, maintenance and updating of sensory
information—in schizophrenia (Goldman-Rakic et al., 1999). Several recent studies have
given new insights into the precise relationships between DLPFC dysfunction and WM
performance. DLPFC function may be dependent upon task “difficulty::” during tasks with a
low WM load, DLPFC function lies within the normal range and only becomes abnormal
when WM load increases and performance becomes less accurate (Carter et al., 1998;
Fletcher et al., 1998; Manoach et al., 1999). Although this finding reconciles the divergent
results of some previous studies, discrepancies still remain: both decreased (Carter et al.,
1998) and increased (Manoach et al., 1999) recruitment of DLPFC have been described
during high-load WM tasks, and both right (Carter et al., 1998) and left (Manoach et al.,
1999) DLPFC dysfunctions have been documented.

Table 4. Organic brain injury and the psychopathology relation to schizophrenia
(Tuma and Lenderova, 2001)

neocortical circuits)

confusion, working memory
disorders, poverty of speech

Anatomic localization of the Psychopathology Reference
lesion
frontal lobe- medial part Catatonic and hebephrenic Hilbom, 1951
symptoms;
loss of initiative, volitional and Joseph, 1996
intellectual activities, thinking
arrests, mutism
frontal lobe—lateral part information processing disorders, Joseph, 1996
(disruption of the frontal-thalamic- | overloading with sensory inputs, Lewis, 1995

nucleus caudatus
(disruption of basal ganglia
circuits—frontal cortex)

sensory disorders, agitation,
hyperactivity or apathy, emotional
flattening, catatonic conditions

Joseph, 1996
Spiegel a Szekeley, 1961

temporal lobe

inadequate emotional reactivity,
aggressivily, aphasia, paranoia,
hallucinations, memory disorders,
magical/religious thinking

Crowe a Kuttner, 1991
Trimble a Perez, 1982

amygdala, hippocampus

complex hallucinations,
speech/thinking disorders,
memory/learning disorders, social-
emotional agnosia

Dauphinais et al., 1990
Joseph, 1996

[
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Moreover, deficits on different WM tasks are associated with distinct patterns of
dysfunction: for example, WM deficit for words but not tones (Danion et al., 1999) is
associated with an impaired recruitment of left inferior frontal cortex (Stevens et al., 1998).

Frontal dysfunction in schizophrenia may be associated with increases responses in
distant yet highly connected areas such as the parietal cortex (Fletcher et al., 1998; Curits et
al., 1999) and the superior temporal gyrus (Fletcher et al., 1998). Moreover, a recent EEE
study revealed abnormally high levels-of hippocampal blood flow in schizophrenia: patients
failed to show a normal modulation of hippocampal activity during word retrieval (Heckers et
al., 1998).

There is increasing evidence that three brain regions that make strong connections with
the frontal lobe—the thalamus, the striatum, and the cerebellum—are also abnormal in
schizophrenia. First, thalamic glucose metabolism during verbal learning is reduced in
schizophrenic subjects, primarily in the region of the mediodorsal nucleus (Hazlett et al.,
1999). Second, both treated and untreated patient groups show decreased striatal metabolic
rates during a verbal learning task (Shihabuddin et al., 1998). Third, studies of verbal learning
and story recollection suggest that the cerebellum, via connections with both the DLPFC and
the thalamus, is also part of the abnormal circuitry in schizophrenia (Crespo-Facorro et al.,
1999; Andreasen et al., 1999).

Recent studies of eye-tracking dysfunction in schizophrenia provide further evidence for
the involvement of both frontal and temporal regions (Chen et al., 1999, 1999, 1999; Maruff
et al., 1998; Sweeney et al., 1998; Thaker et al., 1998). First, the observed pattern of impaired
pursuit eye movements and intact catch-up saccades implicates the frontal eye fields or their
efferent or afferent pathways (Sweeney et al., 1998). Second, a series of recent studies has
described a motion perception deficit with impaired velocity discrimination, suggesting the
involvement of the motion processing area MT (medial temporal area) in the temporal lobe
(Chen et al., 1999, 1999, 1999).

In summary, perturbations of brain activity in schizophrenia are not localized to one brain
region but to neural networks, primarily involving the frontal and temporal lobes as well as
subcortical regions. It has been proposed that the functional connections between these
regions may be abnormal in schizophrenia. This hypothesis has been tested using novel
statistical approaches. For example, structural equation modeling (path analysis) of a
semantic processing study using PET showed differences between schizophrenia and control
groups in the neural interactions amongst frontal regions, and between the frontal and
temporal regions, and between the frontal lobe and anterior cingulate cortex (Jennings et al.,
1998). When PET data from a memory study were analyzed for the effects of one neuronal
system over another (so-called effective connectivity analysis), the normal anterior cingulate
modulation of frontal-temporal interaction was found to be disrupted in schizophrenia
(Fletcher et al., 1999).

An imbalance along the frontal lobe-cerebellum-thalamus axis is interpreted by
Andreasen (2000, in Crespo et al., 2000) as a neuronal base for permanent, non-progressing
foundation of schizophrenia. The clinical correlate is a failure of the executive (controlling)
functions linked with the activity of the prefrontal cortex; and an increase in
thalamus/cerebellum activity is compensatory. To describe this proposed basic cognitive
disorder in schizophrenia, Andreasen uses the term “cognitive dysmetria” (Hajek, 2002, in
Hoschl et al., 2002).
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Interesting results have been revealed through MRS (magnetic resonance Spectroscopy)
in schizophrenic patients; this technique allows measurements of phospholipid metabolite
concentrations. These metabolites influence the formation and degradation of phospholipid
membranes, growth of dendritic spikes and synaptic dentition, among others, which are key
processes in brain maturation. In vivo, MRS studies find lower concentrations of
phosphomonoesters (PME) in the frontal lobes. In early phases of the disease, a concomitant
increase in the concentration of phosphodiesters (PDE), i.e., products of their catabolism,
were also found in addition to decreased concentrations of phospholipid membranes (PME)
building stones. It seems that in the early stage of schizophrenia, MRS reflects a metabolic
disorder of membrane phospholipids in the active phase, which later this process may be
burned out. Such findings might be explained by differing maturation of CNS in
schizophrenic individuals due to excessive synaptic elimination in the respective area. Some
works have also described higher concentrations of PDE in the temporal lobe of
schizophrenic patients. The most frequent replicated finding of proton spectroscopy in
schizophrenia consists of a decrease in NAA (N-acetylaspartate) in temporal lobes, especially
the hippocampus, and most frequently, bilaterally. A decrease in the NAA signal was also
described for the frontal lobes. Generally, those findings have been most frequently
interpreted as a result of neuronal dysgenesis or degeneration of those areas. In the coming
years, there will probably be a trend to incorporate MRS findings into the broader context of
neuronal dysfunction in schizophrenia. It appears that, for instance, a reduction of NAA
concentration, revealed by SPECT, in the dorsolateral prefrontal cortex is correlated with
lower resting dopaminergic activity in the striatum. Additionally, a correlation between NAA
reduction in the prefrontal area and negative symptomatology in schizophrenic individuals
has been found (Keshavan et al., 2000).

The PET/SPECT examinations of schizophrenia describe a decrease in sagittal, cortical-
subcortical, and transversal gradient. Only 50% of the quiet studies (without stressing the
patient with a neuropsychological paradigm) have confirmed a reduction in frontal cortex
metabolism (hypofrontality). However, nearly all studies have confirmed activation
hypofrontality. Frontal hypoactivity is most frequently connected with negative symptoms
and psychomotor depletion syndrome. Hallucinations and delusions have been most
frequently connected with abnormalities in temporal areas. The disorganized form of
schizophrenia, characterized by formal thinking disorders and emotional inadequacy, is
primarily connected with increased perfusion of the anterior cingulum (Liddle, 1996).
Receptor studies have shown increased density of dopamine D2 receptors in schizophrenia.
However, the presynaptic dopaminergic activity has also been found to be increased, e.g.,
increased uptake of F-DOPA or increased dopamine release after stimulation with
amphetamine. The latest finding is, however, typical only for the exacerbation period; during
dwell time, patients do not differ from healthy controls (Laruelle et al., 1999).

In the pathophysiology of cognitive disorders associated with schizophrenia, dysfunction
of neurotransmitter systems (e.g., serotonin, excitation amino-acids, GABA, cholinergic
system, neuropeptides) also plays a role (Libiger, 1990).

Some genetic studies have also provided evidence that the cognitive deficit seen in
schizophtenia is part of the disease. An examination of monozygotic twins, who were
discordant for schizophrenia, found that the schizophrenic twin showed significantly poorer
cognitive performance (Goldberg, 1990, 1993a; Preiss, 1992). Bermann et al. (1992) found
disruption of regional cerebral perfusion in the prefrontal area, in affected monozygotic twins,
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during test tasks requiring activity in this part of the cortex. No reduction in perfusion was
observed in healthy siblings.

Egan et al. (2001) found that the polymorphism of the gene for enzyme catechol-O-
methyl-transferase (COMT) is related to dopaminergic activity in the area of the prefrontal
cortex and its functions, especially working memory. The COMT val allele is found more
frequently in schizophrenic patients and is linked to a reduction in dopaminergic activity in
the prefrontal cortex, especially in COMT val homozygotes. The reduced dopaminergic
activity correlates with impaired performance.

4. Measurement of Cognitive Function

Recent proposals for inclusion of cognitive deficit in diagnostic indications of
schizophrenia have occurred; e.g., Lewis (2004) suggested including a decrease in cognitive
performance to the diagnostic B-criterion, which includes a reference to a reduction of
efficiency in the areas of work, interpersonal relations, and patient self-care. Specifically, he
suggests that cognitive dysfunction be defined as a deficit in at least two of the three cognitive
areas: attention or vigilance (maintained attention), memory and executive functions.

Test Methods

Quality of attention may be assessed by a series of cognitive tests—the effect of attention
on cognitive performance can, strictly speaking, never be isolated. Tests with greater
sensitivity to attention disorders include: CPT (Continuous Performance Test), N-back test,
Bourdon test, and the subtest Symbols from WAIS-R.

Examination methods are used to determine the quality of working memory, represented
by the Verbal Fluency Test (FAS; phonematic and semantic version) and the Design Fluency
Test, in which perseverance within a single category is considered to be an indicator of a
working memory disorder. Other working memory tests include repetition of numbers in
reverse order (Digit Span test of WMS or WAIS-R), Wisconsin Card Sorting Test—a
disorder of the working memory is primarily manifested as a failure to complete the task—
various alternatives to the “tower tasks* include the Tower of London, Tower of Hanoi, Trail
Making Test B and N-back Test.

Examination of the short-term memory is mostly aimed at determination of capacity and
quality in several modalities. We concentrated on variability of performance, based on the
method of recall—we monitored free recall, cued recall and recognition, paid attention to the
influence of input type (verbal or non-verbal, auditory or visual) and the effect of length of
retention (immediate or remote recall). Standard, short-term memory examinations, e.g.,
subtests of the Wechsler Memory Scale, California Verbal Learning Test (CVLT), Rey-
Osterrieth Complex Figure, and others, were used. The non-verbal tests of auditory memory
included the Seashore Tonal Memory Test (Seashore et al., 1960). In this test, the patient
should distinguish between tones that mark off two compared melodies (three to five tones) in
a total of 30 paired melodies.
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Methods used to examine executive functions included the Wisconsin Card Sorting Test
(WCST), Tower of Hanoi, London, and Stroop test—an alternative of interference of a word
and a color (Stroop Color Word Interference Test)—Test of Verbal Fluency (“FAS*) and
(Trail Making Test B). Each of the executive functions tests is aimed at a specific aspect of
the neuropsychological area. WCST primarily measures concept-making, sensible flexible
changes of strategy depending on feedback, ability of inhibition, abstraction and working
memory. The more specific “tower tests” engage motor abilities, planning, fragmentation of
long-term goals into individual steps and inhibition. The Stroop test, especially interference of
a word and a color, requires a strong ability to inhibit automatic responses. The Trail Making
Test B, on the other hand, puts a high demand on the ability to switch between attention and
working memory.

Interpretation of the performance in tests of verbal fluency is a bit questionable.
Generally, the test is considered a so-called prefrontal test, i.e., a tool that is sensitive to the
function of the prefrontal brain area. We used either the phonematic or categorical version.
However, patient performance is influenced by several factors, by the size of their vocabulary
(i.e., also long-term memory) and the ability to search for proper words from their lexical
reserve, and also recall ability and recall strategy. The test also places a demand on working
memory; the patient must momentarily keep the words they have already listed in working
memory in order to avoid repetition. However, this means they must suppress the answers

‘ that suggest themselves but that have already been used. Therefore, the test employs long-
term memory, working memory, verbal fluency and executive functions (selection of strategy
and inhibition). It turns out that while selecting words from the lexical reserve, the prefrontal
lobe is activated, while recall from the lexical reserve tends to be limited to the temporal parts
of the brain.

The difficulties in examination of cognitive functions in schizophrenic patients are not
related to a lack of testing methods, but instead to questionable and often reductionist
interpretations of patient performance. The communication between individual psychologists
and sites is also complicated by inconsistent terminology used in the description of cognitive
profiles. Another problem is associated with the wide spectrum of tests used and an
unwillingness to accept the need for retesting using the same diagnostic tools. Also, in order
to achieve a meaningful examination, it is important to determine the level of anxiety present
in the patient prior to testing. Excessive anxiety may decrease the validity of the examination.
Last but not least, we recommend focusing on the practical deficit-related impacts on the
patient’s everyday life.

5. Temporal Development of Cognitive Deficit

The study of the development of cognitive deficit over the period of duration of
schizophrenia has been an important research area. Researchers are trying to find an answer
to the question whether cognitive deficit in schizophrenic patients deteriorates, improves or
remains stable in the course of the illness.

Change in cognitive deficit over time has been studied since Kraepelin, who regarded
schizophrenia as a degenerative illness accompanied by a necessary decline of cognitive
functions. On the other hand, Bleuler demonstrated on a big group of schizophrenic patients
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that the level of deterioration was only very mild in most of them, and the patients were able
to engage in work activity (Kurtz et al., 2005). These two views have persisted until the
present day. Schizophrenia is, on the one hand, being regarded as a degenerative
neuropsychiatric illness characterized by a long, progressing, symptomatic, neurocognitive
and psychosocial decline. The opposing view, however, presents schizophrenia as an illness
characterized by neurocognitive deficit manifested at the beginning of its development and
remaining more or less stable and” without progression. So-called static encephalopathy is
being referred to (Kurtz et al., 2005).

Both these views are reflected in research. Recent findings generally seem to support the
hypothesis of static encephalopathy.

Cognitive deficit is present during the first schizophrenic episode already, remaining
more or less stable later on, and persisting as long as the illness lasts (Gold et al., 1999;
Ceskova et al., 1999). According to less recent studies, cognitive deficit deepens in states of
acute exacerbation; cognitive functions are, however, largely not restored to a premorbid level
in clinical remission (Sharma and Harvey, 2000). The persistent character of cognitive deficit
after clinical symptoms of the illness abating was manifested by Goldberg et al. (1993). The
authors observed a group of schizophrenic patients treated with clozapine. Their
schizophrenic symptoms were reduced after 15 months, but cognitive functions did not
improve. This persisting cognitive functions deficit was in the background of patients’
inability of adequate social adaptation despite the fact that clinical symptoms were already
gone.

Hyde et al. (1994) demonstrated in their cross-sectional study that intellectual functions
do not show any marked drop in schizophrenic patients during their illness. A longitudinal
study by Heaton (Heaton et al., 2001), also confirmed the stability of neuropsychological
functions in schizophrenic outpatients over a period of three years. The group of patients with
schizophrenia had a test-retest reliability and neuropsychological stability comparable to the
control group both during short-term (1.6 year on average) and long-term (five years on
average) observation. Sweeney (Sweeney et al., 1991) demonstrated by his research that in
schizophrenic patients, along with stability in time of the neuropsychological deficit, an
improvement of certain neuropsychological functions can be observed, too. In many patients,
this improvement resulted in a test performance within the norm.

Rund’s analysis (Rund et al., 1998) of longitudinal studies lasting for at least one year
and mapping development of neurocognitive deficit in schizophrenic patients clearly
demonstrated that cognitive deficit is relatively stable for a long period of time, and no
cognitive functions’ decline occurs in the course of the illness.

In contrast to that, Kurtz et al. (2005) found in their analysis of longitudinal studies
dealing with temporal development of neurocognitive deficit in schizophrenic patients that
the development of cognitive deficit may involve two different trajectories and that stability
of cognitive deficit is not a general phenomenon. One of the two trends was typical of
patients with a more favorable course of development of the illness (community-dwelling
outpatients). In these patients, the level of cognitive functions remained the same throughout
the illness. A potential amount of deterioration was consistent with deterioration of cognitive
functions during normal aging. In some parameters (such as 1Q), patients even improved—
sometimes even after a period of 5 years. The findings were comparable for groups of patients
experiencing their first episode of schizophrenia and chronic patients. The other, opposing
trend was found in research focusing on middle-aged patients and elderly patients in
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institutional treatment. Their parameters of cognitive performance clearly indicated
deterioration over the period of observation. The identification of these two differing trends in
development of cognitive functions may, according to the author, suggest that different
pathophysiological mechanisms may be manifested in different stages of schizophrenia. The
study also showed that the hypothesis of static encephalopathy is not fully valid for
development of cognitive deficit in schizophrenia and that other factors of this heterogeneous
illness must be taken into account.

In a comparison of findings of studies dealing with the development of cognitive deficit
solely in patients with first-episode schizophrenia (or those who were ill for a short time
only), the findings were more consistent and confirmed that cognitive deficit is stabilized in
time.

Hoff and his team (Hoff et al., 1999) demonstrated in their longitudinal research of
patients with first-episode schizophrenia a relative stability of neuropsychological functions
after four to five years from the onset of the illness. The degree of improvement was,
however, smaller compared with the group of controls. The same observation was carried out
after a period of 10 years (Hoff et al., 2005). No difference between the patients and the
control group as to change of cognitive functions during the interval was detected either. In
none of the tests did patients deteriorate more significantly than the group of controls.

Similar results and, moreover, an improvement over time were identified in other studies
of patients with first-episode schizophrenia. Gold (Gold et al., 1999) found that the cognitive
performance of a group of young patients treated with neuroleptics did not deteriorate and
was even capable of improving. Nopoulos (Nopoulos et al., 1994), too, demonstrated that
cognitive functions remained stable in most domains. A significant improvement was
observed in tests of overall attention and response inhibition. Addington et al. (2005)
identified several significant improvements of cognitive functions over the period of two
years comparable with improvement in the control group.

These findings entitle us to expect cognitive performance to be stable or mildly improve
in first-episode schizophrenia.

6. Proposal of Examination

The neuropsychological assessment of cognitive functions in schizophrenic patients is
complex for several reasons. No diagnostic method that could separately evaluate single
cognitive or intellectual functions is available. Each examination also involves a relationship
between the patient and the investigator and the level of anxiety connected with the testing
situation; quality of attention, as well as other variables, also actively intervenes. For instance,
it is difficult to isolate the memory level, quality of attention and executive functions using
memory tests. Because of this, most interpretations of test results are necessarily reductionist

in nature. The most frequent questions we ask ourselves while examining schizophrenic
patients include:

- Is there a neuropsychological deficit present? What is its character and extent?
- Which cognitive domains have been maintained?
- What effect has psychopharmacotherapy had on cognitive functions?
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- Is the cognitive deficit developing progressively or is it stationary? .

. To what extent and in which ways is the cognitive deficit influencing the social skills
and quality of life of the patient?

- Which type of rehabilitation would be beneficial for the patient?

The clinical examination offers a scale of diagnostic opportunities. If we want to
determine the individual cognitive profile of the patient in detail, his “weak,” and “strong”
points, it is useful to flexibly adapt the examination to relevant needs and intentions. This is
especially true when our objective is to establish an individual plan of rehabilitation. There
are many diagnostic methods suitable for examination of cognitive functions. A relatively
comprehensive survey of the neuropsychological methods is given by Lezak (1995) in her
book Neuropsychological Assessment. However, for research purposes, it is desirable to form
a unified protocol for psychological examinations. MATRICS—Measurement and Treatment
Research to Improve Cognition in Schizophrenia, an initiative of leading scientists dealing
with cognitive affection in schizophrenic patients and its treatment, gives seven cognitive
areas that are specific for schizophrenia (Kern et al., 2004): a) attention / vigilance, b) speed
of information processing, ¢) working memory, d) verbal learning and memory, €) visual
learning and memory, f) logical thinking and problem solving, and g) social cognition. The
contemporary trend is towards creation of a neuropsychological battery of tests that could
allow for a unified, adequately timed, exacting (lasting minimally 60 and maximally 120
minutes) examination aimed specifically at sensitive areas of the neurocognitive affection and
fulfilling basic criteria for standardization. Such a battery should comply with requirements
for test-retest reliability—offer an alternative form of examination and fulfill criteria of
functional output prediction (i.e., influence of the cognitive deficit on “routine” functioning of
the patient). It is still being considered whether computerized versions of the tests, or tests of
the “pencil-paper” variety should be preferred. Computerized tests are easier for the
psychologists—most of programs offer data processing as well, and thus their use is less
time-consuming. However, for some patients, any contact with computers is t00 demanding
and may negatively influence their test performance. In addition, computerized examinations
lack direct contact between the test administrator and patient, which precludes any qualitative
assessment of the patient’s performance. MATRICS suggests the creation of a test battery that
can also be administered by psychiatrists and nurses and recommends, in such cases, a two-
day administrators’ internship.

The MATRICS group has prepared a proposal for a battery for clinical purposes
(www.matrics.ucla.edu, adapted according to Preiss, 2005)—see Table 5:

Table 5. Proposal of the MATRICS initiative, we enumerate methods which were best
assessed by experts for respective area

Area of cognitive functions Recommended tool (test) J
Working memory Letter Number Span (verbal)

Spatial memory (from WMSII) _j
Attention/vigilance CPT-IP (Continuous Performance Test-1dentical Pairs) J
Verbal learning and memory Hopkins Verbal Learning Test 4\
Visual learning and memory BVMT—Brief Visuospatial Memory Test
Reasoning and problem solving Neuropsychological Assessment Battery—Mazes
Rate of information processing Verbal fluency—category (Category Fluency)
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7. Rehabilitation and Psychotherapy

The care for schizophrenic patients should integrate biological and psychological
approaches. Although one therapeutic method for cognitive deficits involves treatment with
modern antipsychotic drugs, the number of studies demonstrating their effectiveness is still
insufficient. In the rehabilitation care of the schizophrenic patients, emphasis is put on the
area of information processing, attention, memory, and the executive component. Although it
has been found again and again that the rate of disruption of cognitive functions is reflected in
the quality of social functioning of patients, therefore, treatment shouldn’t be directed solely
toward a remedy of the cognitive deficit. It appears that an appreciable part of stigmatization
of schizophrenic patients is caused by persistent negative symptoms. When families of
schizophrenic patients were questioned regarding what they considered to be the most
troubling aspects of the patient’s diseases, more than 85% of respondents cited loss of friends,
hobbies, and lack of interest in what was happening around them (Runions and Prudo, 1983).
Other negative symptoms include: poverty of speech, apathy, lack of motivation, emotional
flattening and attention disorders (Andreasen and Olsen, 1982); a connection between
negative symptoms and cognitive deficits has been found in some studies (Aleman et al.,
1999, Braff et al., 1991, Buchanon et al. 1994). Neurocognitive deficits influence the
successfulness of rehabilitation procedures (Green, 1996)—e.g., it was found that it was not
the nature of the symptoms, but, more precisely, the seriousness of the cognitive affection that
was the determining element for practicing of social skills—specifically, the executive
functions, verbal memory and attention (McKee, 1997).

Smith et al. (1999) examined efficiency of two therapeutic approaches: training of skills
and supportive psychotherapy. A total 32 patients with chronic psychotic disease, randomized
in two groups, took part in the study. The first group was trained in skills; the training
primarily utilized behavioral techniques, aimed at the ability to identify the risk factors,
identify symptoms and effects of drugs and plan activities. The training consisted of 16
meetings carried out five times weekly for 60 minutes. The control group of the patients also
came daily and took part in supportive group therapy, which involved discussions about
problems the patients’ faced during their daily routine. Both prior to the therapy and after it,
the patients were examined with a battery of tests, covering both positive/negative symptoms,
and a questionnaire that identified the rate of reintegration (social skills) of the patients and
tests of attention, executive functions, and verbal memory. All three measured cognitive areas
(most significantly verbal memory) correlated with the rateof therapeutic efficiency. The
patients who were involved in the training program, showed a marked improvement in their
social skills in comparison to patients under supportive therapy.

For now, combined treatment comprising pharmacotherapy, psycho-education, training
of social skills and cognitive training seems to be effective. In this sense, H. D. Brenner’s
Integrated Psychotherapeutical Program (IPT) is the most elaborate program and, from the
point of view of its effect, the most efficient one. It is concentrated on cognitive training,
improvement of social perception and competence, increasing verbal communication abilities
and solving interpersonal situations. In the area of cognitive rehabilitation, training is
primarily focused on attention quality (targeted, selective attention and its switching),
capability to develop and, depending on changing conditions, reevaluate strategic concepts
leading to certain objectives and the ability to recall the concept (thus it is a development of

191



78 Hana Kucerova, Radovan Prikryl, Zuzana Rihova et al.

abstract reasoning). In other IPT programs, patients are encouraged to improve skills in
analyzing information (to be able to distinguish between relevant and irrelevant inputs), learn
to view social situations from various angles, improve their conversation abilities, try to
define behavioral objectives and choose successive steps to reach them. The efficiency of
such an approach has been confirmed by many studies (Brenner et al., 1996). However, there
remains a question regarding the success of the training effect over time. The longest period,
during which the positive effects of IPT were monitored, has been 18 months (Brenner,
1996).

In contrast to the quite encouraging IPT results, the Goldberg (1987) plan to rehabilitate
cognitive functions through training at solving the Wisconsin Card Sorting Test seems to be
at an impasse. Studies (e.g., Delahunty et al., 1993) have shown that only through clear
structuring of the task and specific instructions to the patient, was it possible to improve the
patient’s performance on the WCST.

Recently. computer programs have attracted the interest of therapists dealing with
cognitive rehabilitation. The advantage of such a therapeutic approach is related to the
complexity of the administered tasks, quality, and precise immediate feedback, often higher
motivation of patients regarding their performance, flexibility of reaction to the performance
and mistakes and the ability to store and process data (Rodriguez et al., 2002). Computerized
rehabilitation may be carried out both in groups and individually, with a focus on specific or
global deficits. Examples of these types of programs include Cognitive Enhancement Therapy
(CET; Hogarty a Flesher, 1999), a technique combining interactive software and social
training in groups, Cognitive Remediation Program (Vauth et al., 2000) and the Bracy PSS
CogReHab program (Bracy, 1986). Despite the attractiveness of the computer programs, their
efficacy is still debatable. Actually, one question remains regarding the effectiveness of
isolating and rehabilitating a single cognitive domain; can the patient utilized the acquired
skill in common daily activities, and to what extent does the therapeutic effect persist without
additional training and revision. Although some programs are interactive (i.e., they offer
feedback and motivational support to the patient), they are no substitute normal interpersonal
contact. Despite these issues, it is an approach that may prove to be effective as we gain more
experience with it.

Suslow et al. (2001) carried out a meta-analysis of nine studies monitoring efficacy of
cognitive functions rehabilitation in schizophrenic patients. Of the nine studies, five studies
were based on computerized rehabilitation and four studies included training using a pencil-
paper method. Despite inconsistencies in rehabilitation procedures, it was shown that in 15 of
35 observed variables, which served as an index of efficacy, significant improvement
occurred.

Although the results of research monitoring the efficacy of computerized rehabilitation
are quite inconsistent, it seems that a certain rate of efficiency is now conclusive (review,
Wykes, 2000). They are also two case reports demonstrating that rehabilitation of cognitive
functions in schizophrenic patients may improve brain perfusion (Wykes, 1998).

So far, rehabilitation of cognitive functions has attracted relatively low attention. In
addition, results from available studies are inconsistent, especially taking into account the
view regarding the character of effective training. The question of duration of the therapeutic
effect and its influence on common daily activates of patients has also not yet been answered.
An ideal way to remedy the neuropsychological deficit seems to consist of a combination of
pharmacotherapy, education, cognitive functions training, and social skills training.
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Computerized training programs represent a relatively young, and so far unexplored, area of
cognitive rehabilitation.

Conclusion

Cognitive deficit is considered one of the primary symptoms of schizophrenia; it affects
approximately 40 to 60% of patients. The most disrupted cognitive processes include
information processing, attention, memory, and executive functions. Again and again
disorders of all memory types have been found; with the exception of procedural memory.
However, so far the mechanism for memory deficits is not clear. It is speculated to be related
to the influence of a reduced ability to select important inputs from among unimportant ones,
the effect of attention and contextual reasoning disorders and problems in creating strategies
which can provide recall of stored material. The dysexecutive syndrome is primarily
manifested by disrupted ability to plan and change strategies based on changes in surrounding
conditions. Both focused and divided and intermittent attention is usually disrupted.

Cognitive performance usually decreases after the first episode of disease; the deficit of
cognitive functions are stable over time and are relatively independent of clinical symptoms
associated with the disease.

The development of the imaging methods allows research into the neuro-anatomical
correlates of cognitive deficits. Structural changes in the area of frontal and temporal lobe and
extension of the ventricular system have been repeatedly found.

Examination of cognitive functions is complicated for many reasons. It is difficult to
isolate individual cognitive domains; in addition, there is no unified test battery and
terminological consensus that could facilitate interpretation of examination results and
communication between clinics.

Therapy for schizophrenic patients should integrate pharmacological intervention,
education, training of social skills and cognitive training. Also, computerized rehabilitation is
available, although its efficiency has not been clearly proven yet.

Cognitive dysfunction significantly influences social competence of patients, their labor
performance, and quality of life.

Future progress in research into the neuropsychological consequences of schizophrenia

may help to prevent and diagnose the disease and find new efficient therapeutic treatments for
schizophrenia.

References

Addington J, Addington D, Maticka-Tyndale E. Cognitive functioning and positive and
negative symptoms in schizophrenia. Schizophrenia Res. 1991:5:123—134.

Alleman A, Hijman R, de Haan EHF, Kahn S. Memory Impairment in Schizophrenia: A
Meta-Analysis. Am. J. Psychiatry 1999;156: 1358-1366.

AndredSen NC, Olsen S. Negative and positive schizophrenia: definition and validation. Arch.
Gen. Psychiatry 1982;39:789-794.

193



80 Hana Kucerova, Radovan Prikryl, Zuzana Rihova et al.

Andreasen NC, Rezai K, Allinger R, Swayze HVW, Flaum M, Kirchner P, Cohen G, O Leary
D. Hypofrontality in neuroleptic-naive patients and in patients with chronic
schizophrenia. Archives of General Psychiatry 1992;49:943-958.

Asarnow RF. Neurocognitive impairments in schizophrenia: a piece of the epigenetic puzzle.
Eur. Child Adolesc. Psychiatry 1999;8(Suppl 1):15-18.

Aylward E, Walker E, Bettes B. Intelligence in schizophrenia: meta analysis of the research.
Schizophr. Bull. 1984;10:430-459.

Bedwell JS, Keller B, Smith AK, Hamburger S, Kumra S, Rapoport JL. Why does
postpsychotic 1Q decline in childhood-onset schizophrenia? Am. J. Psychiatry
1999;156:1996-1997.

Berman KF, Torrey EF, Daniel DG, Weinberger DR. Regional cerebral blood flow in
monozygotic twins discordant and concordant for schizophrenia. Arch. Gen. Psychiatry
1992:49:927-934.

Bleuler E. Dementia Preacox oder Gruppe der Schizophrenien. Franz Deuticke,Wien,1911:
420.

Borison RL. The role of cognition in the risk-benefit and safety analysis of antipsychotic
medication. Acta Psychiatry Scand 1996;94:5-11.

Bracy OL. Cognitive rehabilitation: a process approach. Cogn Rehabilit 1986;4:10-17. In:
Rodriguez M, Mohr P, Preiss M. Program pocitaové rehabilitace kognitivnich funkci u
schizofrenie. Psychiatrie 2002;6(Suppl.4):42-45.

Braff DL, Heaton R, Kuck J et al. The generalized pattern of neuropsychological deficits in
outpatients with chronic schizophrenia with heterogeneous Wisconsin Card Sorting Test
results. Arch. Gen. Psychiatry 1991;48:891-898.

Brenner HD, Hirsbrunner A, Heimberg A. Integrated Psychological Therapy Program:
Training in Cognitive and Social Skills for Schizophrenic Patients. In: Corrigan PW and
Yudofsky SC. Cognitive Rehabilitation for Neuropsychiatric Disorders. American
Psychiatric Press 1996,459.

Buchanon RW, Strauss ME, Kirkpatrick B et al. Neuropsychological impairments in deficit
vs. nondeficit forms of schizophrenia. Arch. Gen. Psychiatry 1994;51:804-811.

Bustini M, Stratta P, Daneluzzo E, Pollice R, Prosperini P, Rossi A. Tower of Hanoi and
WCST performance in schizophrenia: problem-solving capacity and clinical correlates.
Journal of Psychiatric Research 1999; 33: 285-290.

Calev A. Neuropsychological functions in psychiatric disorders. American Psychiatric Press
1999;2:33-66.

Cannon M, Caspi A, Moffitt TE, Harrington H, Taylor A, Murray RM, Poulton R. Evidence
for early-childhood, pan-developmental impairment specific to schizophreniform
disorder: results from a longitudinal birth cohort. Arch Gen Psychiatry 2002;59:449-456.

Cirillo MA, Seidman LJ. Verbal declarative memory dysfunction in schizophrenia: from
clinical assessment to genetics and brain mechanisms. Neuropsychology Review 2003;
13: 43-77.

Cohen MR. Nejcastéjsi psychické poruchy v klinické praxi. Portdl, Praha,2002.

Cornblatt BA, Keilp JG. Impaired attention, genetics, and the pathophysiology of
schizophrenia. Schizophrenia Bull. 1994;20:31-46.

Cornblatt B, Obuchowski M, Roberts S, Pollack S, Erlenmeyer-Kimling L. Cognitive and
behavioral precursors of schizophrenia. Dev. Psychopatol. 1999; 11: 487-508.

194



Schizophrenia 81

Crespo-Facorro B, Kim JJ, Andreasen NC, O'Leary DS, Magnotta V. Regional frontal
abnormalities in schizophrenia: A quantitative grey matter volume and cortical surface
size study. Biological Psychiatry 2000;48:110-119.

Crow TJ, Done DJ, Sacker A. Childhood precursors of psychosis as clues to its evolutionary
origins. Eur. Arvh. Psychiatry Clin. Neurosci. 1995;245:61-69.

Cuesta MJ, Peralta V, Zarzuela A. Illness duration and neuropsychological impairments in
schizophrenia. Schizophr. Res. 1998;33:141-150.

Ceskova E. Kognitivni dysfunkce u schizofrenie. C.S. Psychiat 1995;5:278-287.

Ceskova E, Drybcak P, Hrobaf P, Lorenc M, Sedlakové H, Spacek J. Vyznam biologickych
markerti v diagnostice a predikci vysledki akutni 1é¢by. Ces Slov Psychiatrie
1998;94:245-251.

Ceskova E, Spacek J, Sindelafova M. Kognitivni dysfunkce a efekt 1é¢by u schizofrenni
poruchy. Ceskoslovenska Psychologie 1999;43:527-535.

Dauphinais ID, DeLisi LE, Crow TJ, Alexandropoulus K, Colter N, Tuma I, Gershon ES.
Reduction in temporal lobe size in siblings with schizophrenia: a magnetic resonance
imaging study. Psychiat. Res .1990;35:137—147.

Docherty NM, Hawkins KA, Hoffmen RE, Quinlin DM, Rakfeldt J, Sledge WH. Working
memory, attention and communication disturbances in schizophrenia. Journal of
Abnormal Psychology 1996;105:212-219.

Delahunty A, Morice R, Frost B. Specific cognitive flexibility rehabilitation in schizophrenia.
Psychol. Med. 1993;23:221-227.

Dudek SZ, Kolivakis T. Stability of intellect and personality in schizophrenia. Can. J.
Psychiatry 1983;28:2-7.

Feinstein A, Goldberg TE, Nowlin B, Winberger DR. Types characteristics of remote
memory impairment in schizophrenia. Schizophrenia Research 1998;30:155-163.

Friedman JI, Harvey PD, Coleman T, Moriarty PJ, Bowie Ch, Parella M, White L, Adler D,
Davis KL. Six-year follow-up study of cognitive and functional status across the lifespan
in schizophrenia: A comparison with Alzheimer’s disease and normal aging. Am. J.
Psychiatry 2001;158:1441-1448.

Egan MF, Goldberg TE, Kolachana BS, Callicot JH, Mazzanti CHM, Straub RE, Goldman D,
Weinberger DR. Effect of COMT Val108/158Met genotype on frontal lobe function and
risk fro schizophrenia. Proc. Natl. Acad. Sci. 2001:98:6917—6922.

Evans JD, Bond GR, Meyer PS, Won Kim H, Lysaker PH, Gibson PJ, Tunis S. Cognitive and
clinical predictors of success in vocational rehabilitation in Schizophrenia. Schizophr.
Res. 2004;70:331-342.

Frith CD, Leary J, Cahill C, Johnstone EC. Performance on psychological tests: demographic
and clinical correlates of the results of these tests. In: Johnstone EC (ed) Disabilities and
circumstances of schizophrenic patients: A follow-up study. Br. J. Psychiatry
1991;159(Suppl 13):26-29.

Fucetola R, Seidman LJ, Kremen WS, Faraone SV, Goldstein JM, Tsuang MT. Age and
neuropsychological function in schizophrenia: A decline in executive abilities beyond
that observed in healthy volunteers. Biol. Psychiatry 2000;48:137-146.

Gold S, Amdt S, Nopoulos P, O’Leary DS, Andreasen NC. Longitudinal study of cognitive

function in first-episode and recent-onset schizophrenia. American Journal of Psychiatry
1999:156:1342-1348.

195



82 Hana Kucerova, Radovan Prikryl, Zuzana Rihova et al.

Gold JM, Randolph C, Carpenter CJ. The performance of patients with schizophrenia on the
Wechsler Memory Scale—Revised. Clinical Neuropsychologist 1992:6: 367-230.

Gold JM, Randolph, C, Carpenter CJ, Goldberg TE, Weinberger DR. Forms of memory
failure in schizophrenia. Journal of Abnormal Psychology 1992;101:487-494.

Gold J.M. Cognitive deficits as treatment targets in schizophrenia. Schizophrenia Research
2004; 72: 21-28.

Goldberg TE, Gold JM. Neurocognitive deficits in schizophrenia. In: Hirsch SR, Weinberger
DR. Schizophrenia. Blackwell Science Ltd 1995,146-162.

Goldberg TE, Torrey EF, Gold JM, Ragland JD, Bigelow LB, Weinberger DR. Learning and
memory in monozygotic twins discordant for schizophrenia. Psychological Medicine
1993a;23:71-85.

Goldberg TE, Ragland JD, Torrey EF. Neuropsychological assessment of monozygotic twins
discordant for schizophrenia. Archive of Genetic Psychiatry 1990;47:1066-1072.

Goldberg TE, Gold JM, Greenberg J, Griffin S, Schultz SC, Pickar D. Contrasts between
patients with affective disorders and patients with schizophrenia on a neuropsychological
test battery. American Journal of Psychiatry 1993b;150:1355-1 362.

Goldberg TE, Winberger DR, Berman KF, Pliskin NH, Podd MH. Further evidence for
dementia of the prefrontal type in schizophrenia? Arch Gen Psychiatry 1987:44:1008-
1014. In: Rodriguez M, Mohr P, Preiss M. Program po¢itatové rehabilitace kognitivnich
funkcf u schizofrenie. Psychiatrie 2002;6(Suppl.4): 42-45.

Goldberg TE, Saint-Cyr JA, Weinberger DR. Assessment of procedural learning and
problem-solving in schizophrenic patients by Tower of Hanoi tasks. Journal of
Neuropsychiatry and Clinical Neuroscience 1990;2:165-173.

Goldman RS, Axelrod BN, Tompkins LM. Effect of instructional cues on schizophrenic
patient’s performance on Wisconsin Card Sorting Test. Am. J. Psychiatry. 1992; 149:
1718-1722.

Goldsamt LA, Barros J, Schwartz BJ et al. Neuropsychological correlates of schizophrenia.
Psychiatr. Ann. 1993; 23: 151-157.

Goldstein G, Shemansky WIJ. Influences on cognitive heterogeneity in schizophrenia.
Schizophr. Res. 1995;18:59-69.

Green MF. What are the functional consequences of neurocognitive deficits in schizophrenia?
Am. J. Psychiatry 1996;153:321-330.

Green MF, Kern RS, Braff DL, Mintz J. Neurocognitive deficits and functional outcome in
schizophrenia: are we measuring the "right stuff"? Schizophr. Bull. 2000;26:119-136.
Hajek T, Spaniel F. Protonova rezonancni spektroskopie v.psychiatrii. Psychiatrie 2000:4:

116-119.

Hanus H, et al. Specidni psychiatrie. Karolinum,Praha, 2000.

Hartl P, Hartlova H. Psychologicky slovnik. Portdl,Praha,2000.

Harvey P. Cognitive Function in patients with schizophrenia. Report from a roundtable
meeting of experts in cognitive dysfunction in schizophrenia, Budapest, Hungary,
September 1997.

Heaton RK, Gladsjo JA, Palmer BW, Kuck J, Marcotte TD, Jeste DV. Stability and course of
neuropsychological deficit in schizophrenia. Arch. Gen. Psychiatry 2001;58: 24-32.

Heaton R, Paulsen JS, McAdams LA, Kuck J, Zisook S, Braff D et al. Neuropsychological
deficits in individuals with schizophrenia: Relation to age, chronicity, and dementia.
Arch. Gen. Psychiatry 1994;51:469-476.

196



Schizophrenia 83

Hijman R. Memory processes and memory systems: fractionation of human memory.
Neurosci. Res. Commun. 1996; 19: 189-196.

Hilbom E. Schizophrenia-like psychoses after brain trauma. Acta Psych 1951;60:36—47.

Hogarty GE, Flesher S. Practice principles of cognitive enhancement therapy for
schizophrenia. Schizophr. Bull 1999;25:693-708.

Horan WP, Goldstein G. A retrospective study of premorbid ability aging differences in
cognitive clusters of schizophrenia. Psychiatry Res. 2003;118:209-221.

Hoschl C, Libiger J, Svestka J. (Eds.).Psychiatrie. Tigis,Praha,2002.

Huag JO. Pneumoencephalographic studies in mental disease. Acta Psychiatr Scand
1962;38(suppl):1-114.

Huron C, Danion JM, Giacomony F, Grange D, Robert P, Rizzo L. Impairment of recognition
memory with, but not without conscious recollection in schizophrenia. American Journal
of Psychiatry 1995;152:1737-1742.

Chen RYL, Chen EYH, Chan ChKY, Lam LCW, Felice LM. Verbal fluency in
schizophrenia: reduction in semantic store. Australian and New Zealand Journal of
Psychiatry 2000; 34: 43-48.

Jacobi W, Winkler H. Encephalographische studien an chronisch schizophrenen. Arch.
Psychiatr Nervenkr 1927;81:299-332.

Javitt DC, Liederman E, Cienfuegos A, Shelley AM. Panmodal processing imprecision as a
basis for dysfunction of transient memory storage systems in schizophrenia. Schizophr
Bull. 1999; 25: 763-775.

Jeste DV, Twamley EW, Eyler Zorrilla LT, Golshan S, Patterson TL, Palmer BW. Aging and
outcome in schizophrenia. Acta Psychiatr Scand 2003;107:336-343.

Johnstone EC, Crow TIJ, Frith CD, Stevens J, Kreel L. Cerebral ventricular size and cognitive
impairment in chronic schizophrenia. Lancet 1976;2:924-926.

Jones P, Rodgers B, Murray M. Child developmental risk factors for adult schizophrenia in
the British 1946 birth cohort. Lancet 1994;344:1398-1402.

Joseph R. Neuopsychiatry, neuropsychology, and clinical neuroscience. Emotion, evolution,
cognition, language, memory, brain damage, and abnormal behavior. Williams and
Wilkinson, 1996: 864.

Joyce EM, Collinson SL, Crichton P. Verbal fluency in schizophrenia: relationship with
executive function, semantic memory and clinical alogia. Psychological Medicine 1996;
26: 39-49.

Keefe RS. Working memory dysfunction and its relevance to schizophrenia. In: Sharma T,
Harvey P, (Eds) Cognition in schizophrenia. Oxford University Press, Oxford 2000: 16—
50.

Kern RS, Green MF, Nuechterlein KH, Deng Bi-Hong. NIMH-MATRICS survey on
assessment of neurocognition in schizophrenia. Schizophrenia Research 2004; 72: 11-19.

Keshavan MS, Stanley YA, Pettegrew, JW. Magnetic resonance spectroscopy in
schizophrenia: methodological issues and findings-part I1. Biol. Psychiatry 2000:;48;369-
380.

Koukolik F. Strukturdlni zmény mozku pfi schizofrenii a afektivnich psychézach. Cs
Psychiatrie 1992;88:307-315.

Kuffner K. Psychiatrie pro studium i praktickou potfebu lékafe. Bursik a Kohout, Praha,
1897:274-279.

Kulistak P. Neuropsychologie. Portdl,Praha, 2003.

197



84 Hana Kucerova, Radovan Prikryl, Zuzana Rihova et al.

Laruelle M, Abi-Dargam A. Dopamine as the wind of the psychotic fire: new. evidence from
brain imaging studies. J. Psychopharmacol. 1999;13:358-371.

Lewis DA. Neural circuitry of the prefrontal cortex in schizophrenia. Arch. Gen. Psychiatry
1995;52:269-272.

Lezak MD. Neuropsychological Assessment. Oxford University Press, Oxford, 1995.

Lezak MD. Neuropsychological Assessment (4th ed.). Oxford University Press, New York,
2004. =

Libiger J. Schizofrenni poruchy. In Hoschl et al. (Eds) Psychiatrie.Tigis,Praha,2002.

Libiger J. Schizofrenie. Psychiatrické centrum Praha,Praha,1990.

Libiger J. Vy3etieni regionalni mozkové perfuze pomoci jednofotonové emisni tomografie
(SPECT) v psychiatrii. Psychiatrie 1997;1:3-9.

Liddle PF. Functional brain imaging in schizophrenia. In: Lewis S, Higgins, N. Brain
Imaging in Psychiatry. Blackwell Science, Oxford,1996.

Liu SK, Chiu ChH, Chang ChJ, Hwang TJ. Hwu HG, Chen WI. Deficits in sustained
attention in schizophrenia and affective disorders: stable versus state-dependent markers.
American Journal of Psychiatry 2002;159:975-982.

Lysaker P, Bell M,Beam-Goulet J. Insight and cognitive impairment in schizophrenia.
Performance on repeated administrations of the Wisconsin Card Sorting Test. Journal of
Nervous and Mental Disease 1995;182:656-660.

Maher BA, Manschreck TC, Woods BT, Yurgelun-Todd DA, Tsuang MT. Frontal brain
volume and context effects in short-term recall in schizophrenia. Biol Psychiatry 1995;
37: 144- 150. In: Cirillo MA, Seidman LJ. Verbal declarative memory dysfunction in
schizophrenia: from clinical assessment to genetics and brain mechanisms.
Neuropsychology Review 2003;13:43-77.

Malenka RC, Angel RW, Thiemann S. Central error correcting behavior in schizophrenia and
depression. Biological Psychiatry 1986;21:263-273.

MATRICS (www.matrics .ucla.edu).

McGlashan TH, Hoffman RE. Schizophrenia as a disorder of developmentally reduced
synaptic connectivity. Arch. Gen. Psychiatry 2000;57:637-648.

McKee M. Hull JW, Smith TE. Cognitive and symptom correlates of participation in social
skills training groups. Schizophr. Res. 1997:23:223-229.

McKenna PJ, Tamlyn D, Lund CE, Mortimer AM, Hammond S, Baddeley AD. Amnestic
syndrome in schizophrenia. Psychological Medicine 1990;20: 967-972 In: Hirsch SR,
Weinberger DR. Schizophrenia. Blackwell Science Ltd, 1995:146-162.

Mockler D, Riordan J, Sharma T. Memory and intellectual deficits do not decline with age in
schizophrenia. Schizophr. Res. 1997:26:1-7.

Mohr P. Deficitni syndrom ve schizofrenii: piehled. Psychiatrie 1998;2:94—102.

Morice R, Delahunty A. Frontal/executive impairments in schizophrenia. Schizophr. Bull.
1996;22:125-137.

Miiller U, Ullsperger M, Hammerstein E, Sachweh S, Becker T. Directed forgetting in
schizophrenia. Prefrontal memory and inhibition deficits. Eur. Arch. Psychiatry Clin.
Neurosci. Published online 22November 2004.

Mysliveéek Z. Speciélni psychiatrie. Stétni zdravotnické nakladatelstvi, Praha, 1959:154.

Na}haniel—]ames DA, Brown R, Ron MA. Memory impairment in schizophrenia: its
relationship to executive function. Schizophr. Res. 1996;21:85-96.

198



Schizophrenia : 85

Neuchterlein KH. Development processes in schizophrenia disorders: longitudinal studies of
vulnerability and stress. Schizophrenia Bulletin 1991;18:387-425.

Niendam TA, Bearden CE, Rosso IM, Sanchez LE, Hadley T, Neuchterlein KH, Cannon TD.
A prospective study of childhood neurocognitive functioning in schizophrenic patients
and their siblings. Am. J. Psychiatry 2003;160:2060-2062.

Nelson HE, Pantelis C, Carruthers K, Speller J, Baxendale S, Barnes TR. Cognitive function
and symptomatology in chronic schizophrenia. Psychol. Med. 1990;20:357-365.

Ober BA, Vinogradov S, Shenaut GK. Semantic priming of category relations in
schizophrenia. Neuropsychology 1995;9:220-228.

Palmer BW, Heaton RK, Paulsen JS, Kuck J, Braff D, Harris MJ, Zisook S, Jeste DV. Is it
possible to be schizophrenic yet neuropsychologically normal? Neuropsychology
1997;11:437-446.

Patterson TL, Moscona S, McKibbin ChL, Davidson K, Jeste DV. Social skills performance
assessment among older patients with schizophrenia. Schizophr. Res. 2001:48:351-360.
Paulsen JH, Heaton RK, Sadek JR, Perry W, Delis DC, Braff D et al. The nature of learning
and memory impairments in schizophrenia. J Int Neuropsychol Soc 1995;1:88-99. In:
Cirillo MA, Seidman LJ. Verbal declarative memory dysfunction in schizophrenia: From
clinical assessment to genetics and brain mechanisms. Neuropsychology Review

2003:13:43-77.

Preiss J, Dvofakova M, Zvérova J, Hynek K. Neuropsychologické testy u dvojéat a vliv
schizofrenie. Cs. Psychologie 1992;36:257-266.

Preiss M. Klinickd neuropsychologie. Grada, Praha,1998.

Preiss M, Laing H, Rodriguez M. Neuropsychologicka baterie Psychiatrického centra Praha.
Psychiatrické centrum Praha, Zpravy ¢. 154/2002.

Raboch J, Zvolsky P.. Psychiatrie. Galén,Praha,2001.

Rapoport JL, Giedd JN, Blumethal J, Hamburger S, Jeffries N, Fernandez T, Nicolson R,
Bedwell J, Lenane M, Zijdenbos A, Paus T, Evans A. Progressive cortical change during
adolescence in childhood-onset schizophrenia: a longitudinal magnetic resonance
imaging study. Arch. Gen. Psychiatry 1999;56:649—654.

Robert PH, Migneco V, Marmod D. Verbal fluency in schizophrenia: the role of semantic
clustering in category instance generation. European Psychiatry 1997;12:124-129.

Roder V. Evaluation einer kognitiven Schizophrenietherapie. In: Kiihne GE, Brenner HD,
Huber G. Kognitive Therapie bei Schizophrenen. Fischer, Jena,1990.

Rodriguez M. Mohr P, Preiss M. Program pocitadové rehabilitace kognitivnich funkci u
schizofrenie. Psychiatrie 2002;6(Suppl.4):42-45.

Rossell SL. David AS. The neuropsychology of schizophrenia: recent trends. Current
Opinion in Psychiatry 1997;10:26-29.

Rossi A, Daneluzzo E, Mattei P, Bustini M, Casacchia M, Stratta P. Wisconsin card sorting
test and Stroop test performance in schizophrenia: a shared construct. Neuroscience
Letters 1997;226:87-90.

Rund BR. A review of longitudinal studies of cognitive functions in schizophrenia patients.
Schizophrenia Bulletin 1998;24:425-435.

Runions J. Prudo R. Problem behaviors encountered by families living with a schizophrenic
member. Can. J. Psychiatry 1983;28:382-386.

199



86 Hana Kucerova, Radovan Prikryl, Zuzana Rihova et al.

Saykin AJ, Gur RC, Gur RE, Mozley PD, Mozley LH, Resnick SM, Kester DB, Stafiniak P.
Neuropsychological function in schizophrenia: selective impairment in memory and
learning. Archive of Genetic Psychiatry 1991;48:618-624.

Seashore CE, Lewis D and Saetveit DL. Seashore measures of musical talents (rev. ed.) The
Psychological Corporation, New York, 1960.

Sedlakova M, Hoskovec J, Nakoneény M. Psychologie XX. stoleti. Karolinum,Praha,2002.

Sharma T, Harvey P. (Eds.) Cognition in Schizophrenia. Oxford University Press, Oxford,
2000.

Schmand B, Brand N, Kuipers T. Procedural learning of cognitive and motor skills in
psychotic patients. Schizophrenia Research 1992;8:157-170.

Silver H, Feldman P, Bilker W, Ruben CG. Working memory deficit as a core
neuropsychological dysfunction in schizophrenia. Am J Psychiatry 2003;160: 1809-1816.

Siris SG. Is life a Wisconsin card sorting test? American Journal of Psychiatry
1991;148:1413-1414.

Smith TE, Hull JW, Romaneli S, Fertuck E, Weiss KA. Symptoms and neurocognition as rate
limiters in skills training for psychotic patients. Am. J. Psychiatry 1999;156:1817-1818.

Sternberg R. Kognitivni psychologie. Portél, Praha, 2002.

Stevens AA, Donegan NH, Anderson M, Goldman-Rakic PS, Wexler BE. Verbal processing
deficits in schizophrenia. J. Abnorm. Psychol. 2000;109:461-471.

Squire LR. Memory and the hippocampus: a synthesis from findings with rats, monkeys and
humans. Psychol Rev 1992;99:192-231.

Suslow T. Schonauer K, Arolt V. Attention training in the cognitive rehabilitation of
schizophrenic patients: a review of efficacy studies. Acta Psychiatr. Scand. 2001;103:15-
235

Syfistova E. Imagindrni svét. Mlada fronta,Praha,1997.

Skoda C. Psychoticky proces a postpsychoticky defekt. SAV, Bratislava, 1963.

Tek C. Gold J, Blaxton T, Wilk Ch, McMahon RP, Buchanan R. Visual perceptual and
working memory impairments in schizophrenia. Arch Gen Psychiatry 2002;59:156-153.

The Psychological Corporation. Wechsler Memory Scale- Third Edition. Technical Manual.
In: Cirillo MA, Seidman LJ: Verbal declarative memory dysfunction in schizophrenia:
From clinical assessment to genetics and brain mechanisms. Neuropsychology Review
2003; 13: 43-77.

Tsuang MT, Stone WS, Faraone SV. Toward reformulating the diagnosis of schizophrenia.
American Journal of Psychiatry 2000;157:1041-1050.

Thagard P. Uvod do kognitivni vé&dy. Portdl, Praha, 2001.

Trimble MR, Perez MM. The phenomenology of the chronic psychoses of epilepsy. Adv.
Biol. Psychiatry 1982;8:98—105.

Tiaima 1. Schizofrenie a kognitivni funkce. Psychiatrické centrum Praha, Praha, 1999.

Tiama I, Lenderova Z. Schizofrenie a kognitivni funkce. Psychiatrie 2001 14:275-284.

Van Beilen M, Pijnenborg M, van Zomeren EH, Bosch RJ, Withaar FK, Bouma A. What is
measured by verbal fluency tests in schizophrenia? Schizophr. Res. 2004:69: 267-76.
Vauth R, Dietl M, Stieglitz RD, Olbrich HM. Kognitive remediation. Eine neue chance in der

rehabilitation schizophrener storungen? Nervenarzt 2000;71:19-29.

Velligan DI, Bow-Thomas CCh. Executive functions in schizophrenia. Seminars in Clinical
Neuropsychiatry1999;1:24-33.

200



Schizophrenia 87

Walker EF. Neurodevelopmental precursors of schizophrenia. In: David AS, Cutting JC
(Eds): The Neuropsychology of Schizophrenia. Lawrence Erlbaum Associates Ltd., 1994:
119-129.

Watters FAV, Maybery MT, Badcock JC, Michie PT. Context memory and binding in
schizophrenia. Schizophrenia Research 2004;68:119-125.

Weickert TW, Goldberg TE, Gold JM, Bigelow LB, Egan MF, Weinberger DR. Cognitive
impairments in patients with schizophrenia displaying preserved and compromised
intellect. Arch. Gen. Psychiatry 2000;57:907-913.

Wexler BE, Stevens AA, Bowers AA, Sernyak MJ, Goldman-Rakic P. Word and tone
working memory deficits in schizophrenia. Arch. Gen. Psychiatry 1998; 55:1093-1096.
Wykes T. What are we changing with neurocognitive rehabilitation? Illustrations from two
single cases of changes in neuropsychological performance and brain systems as

measured by SPECT. Schizophr. Res. 1998;34:77-86.

Wykes T. Cognitive rehabilitation and remediation in schizophrenia. In: Cognition in
Schizophrenia. Eds.: Sharma T, Harvey P. New York: Oxford University Press,
2000:332-351.

Zapletalek M, Tima I, Kudrnova K, Hubert J, Cernoch Z. Atrofie mozku u schizofrenikd.
Klinicka a skanografick4 studie. Cs Psychiar 1983;79:158—163.

This work was supported by the Ministry of Education Czech Republic (Project No. CEZ
J07/18/141100001).

201



