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1. Seznam pouzitych zkratek

AUC (area under curve): plocha pod kiivkou

CLPZ: chlorpromazinovy ekvivalent

EP: evokovany potencial

MKN-10.: Mezinarodni klasifikace nemoci, 10. revize

MMN: mismatch negativita

NMDA: N-methyl-D-aspartat

VMMN: zrakov4 mismatch negativita

PANSS (Positive and Negative Syndrome Scale): Skala pozitivnich a negativnich ptiznakii
schizofrenie

GAF (Global Assessment of Functioning): skala pro hodnoceni socialniho fungovani

SDS (Schedule for the Deficit Syndrome): skala hodnotici deficitni syndrom u schizofrenie



2. Souhrn

Postizeni kognitivnich funkci je v sou€asnosti povazovano za jeden ze zakladnich
priznaki schizofrenie. Vyznamné souvisi s poruchou socialniho ptizplisobeni a Zivota
nemocnych i s dlouhodobym pribéhem onemocnéni. Ke studiu kognitivnich funkei 1ze pouzit
jednak neuropsychologického vySetteni, ale také elektrofyziologickych metod, predevsim
evokované potencialy. U pacientl se schizofrenii byla zjisténa odlisna odchylka amplitudy
pomalé negativni komponenty evokovanych potencialt, ktera je vyvolana fidkymi odlisSnymi
stimuly v sérii uniformnich podnétid. Tyto odchylky pojmenované ,,mismatch negativita“
nejsou spojené se zaméienou pozornosti a usilim, které doprovazeji vykon u
neuropsychologickych testii. Dosavadni poznatky o vyznamu mismatch negativity, jako na
pozornosti nezavislého ukazatele zpracovani senzorické informace, svéd¢i pro moznost jejiho
vyuziti k pfesnéjsi diagnostice a funkénimu zhodnoceni schizofrenniho onemocnéni.

Mismatch negativita vyvolana zrakovymi stimuly byla popsana nékterymi
vyzkumnymi tymy, ale nebyla dosud hodnocena u pacientt se schizofrennim onemocnénim.
Za pouziti paradigmatu, Které vyvolava zrakovou mismatch negativitu, jsme vysettili 24
pacientil se schizofrenii a schizoafektivni poruchou. Zrakova mismatch negativita byla
vypocitana jako plocha rozdilu mezi evokvanymi odpovéd’'mi na standardni a deviantni
zrakové podnéty, které byly snimany v centralnich svodech v intervalu 100 az 200 ms. Takto
ziskané rozdily na standardni a deviantni podnéti jsme porovnali mezi skupinou pacientl se
schizofrenii a skupinou zdravych kontrol. Statisticky vyznamné mensi zrakova mismatch
negativita svédéi pro naruseni automatické detekce iregularity u pacientt se schizofrennim
onemocnénim. V dalSich analyzach byl zjistén vztah mezi deficitem zrakové mismatch
negativity a vyssi davkou antipsychotika, niz8i irovni socialniho fungovani a pfitomnosti

deficitniho syndromu. Toto postiZzeni se zda byt analogické ndleziim mismatch negativity ve



sluchové oblasti a pravdépodobné souvisi s casnym zpracovanim zrakové informace. Vztah
zrakové mismatch negativity ke zpracovani informaci na vyssich urovnich centralniho

nervového systému a ke kognitivnim funkcim vyzaduje dalsi sledovani.



2. Summary

Cognitive deficit is considered to be one of the basic symptoms of schizophrenia. It is
associated with the social impairment and the long term outcome of the disorder. In addition
to neuropsychological methods, event-related potentials can be used to study cognitive
functions. In patients with schizophrenia an association was found between the amplitude
changes of slow negative component of evoked responses to infrequent deviant stimuli in a
series of uniform stimuli. This change is known as ,,mismatch negativity* (MMN) and it is
supposed to be independent of the focused attention and effort that may interfere with
neuropsychological testing. The recent accumulation of knowledge on MMN as a possible
preattentive measure of perceptual processing supports its potential significance for
diagnostic and functional evaluation of schizophrenia.

MMN elicited by visual stimuli (vMMN) was described by several research teams, but
it has not been investigated in schizophrenia as yet. Using a motion-direction paradigm, we
elicited visual MMN in 24 patients with schizophrenia and schizoaffective disorder. The
vMMN was computed as difference in areas under curve (AUC) of visual ERPs to standard
and deviant motion direction stimuli recorded from midline derivations at the interval of 100-
200 msec. AUC were compared between groups of patients with schizophrenia and healthy
controls. The significantly smaller yMMN indicated an impaired generation of mismatch
negativity in patients with schizophrenia. In secondary analyses there was an association of
VvMMN impairment among patients with higher dose of medication, lower level of social
functioning and the presence of deficit syndrome. This impairment appears analogous to the
impairment of MMN in the auditory domain and is probably related to early visual
information processing. Its relationship to higher level information processing and cognitive

functioning of patients with schizophrenia deserves further attention.



3. Uvod

Schizofrenie je zdvazné dusevni onemocnéni postihujici 0,5 az 1% populace. Skupina
pacientl se schizofrennim onemocnénim vykazuje vyssi mortalitu a morbiditu a zhorSenou
socidlni kompetenci. Z toho plynou vysoké socioekonomické vydaje spojené s timto
onemocnénim. Schizofrenie je charakterizovana fadou ptiznak, které Ize obvykle rozdélit na
dvé skupiny: tzv. pozitivni, mezi které fadime napiiklad halucinace, strukturalni a obsahové
poruchy mysleni, poruchy chovani a negativni ptiznaky, které zahrnuji oplostélou emotivitu,
zchudnuti feci, poruchy viile a anhedonii. Onemocnéni je rovnéz spojeno s postizenim
kognitivnich funkei v celé rad¢ oblasti, zejména pozornosti, paméti a exekutivnich funkci.
Kognitivni deficit je dalezitou slozkou schizofrenniho onemocnéni. Muize se jednat o
postizeni, které je skrytym, primarnim ,, jadrem*, ze kterého celd psychopatologie
schizofrenie vyrusta a ,,obaluje ho*. Kognitivni ptfiznaky vyznamné predikuji zadvaznost
pribéhu schizofrenniho onemocnéni a miru postizeni socialnich funkci pacienta.

Podklad kognitivni dysfunkce neni dosud jednozna¢n¢ objasnén. Strukturalni teorie
piedpokladaji deficit pfedevSim v prefrontalnich oblastech a/nebo deficit v oblasti temporalni
a hipokampalni. V posledni dobé& vSak ptibyva ditkazii o rozsahlej$im strukturdlnim a
funkénim postizeni napfti¢ regiony kortexu. Neurochemické teorie se zamétuji predev§im na
poruchy v systémech dopaminergni a N-metyl-D-aspartatové (NMDA) glutamatergni
neurotransmise (Javittet al., 1996). Kognitivni deficit se netyka pouze vyssich kognitivnich
funkci, ale zasahuje také do procesu zpracovani informaci na senzorické a pfedpozornostni
urovni. Z tohoto pohledu byla schizofrenie dlouho chapéna jako tzv. ,,top-down* onemocnéni
s deficitem v oblastech mozku, které souvisi s exekutivnimi funkcemi (napiiklad prefrontalni
kortex). Deficit v téchto oblastech pak vede k sekundarni dysfunkci i v jinych oblastech.

V poslednich letech ptibyva dikazi, které podporuji tzv. ,,bottom up* hypotézu kognitivniho



deficitu. Tato hypotéza predpoklada dysfunkci v asném zpracovani informaci na Grovni
subkortikalni, kterd vede k deregulaci vyssich kognitivnich funkei na trovni kortikalnich
oblasti (Butler et al., 2007).

Jednou z moznosti objektivizace kognitivni dysfunkce u pacient se schizofrenii je
elektrofyziologické vySetteni tzv. kognitivnich evokovanych potenciali. Evokované
potencialy (Evoked Potentials) nebo na udalosti vazané potencialy (Event Related Potentials)
jsou elektrickou odezvou CNS na senzoricky podnét. Zaznam ERP probiha obdobné jako
zaznam EEG, avsak vySetfovany je vystaven sérii stimulacnich podnétl. Tvar vysledné
odpovédi zavisi na parametrech stimulace a na kognitivni uloze, kterou vykonava
vySetfovany. Lze jej ptiblizit jako kompozici nékolika monofazickych vin rizné polarity.
Jednotlivé viny jsou charakterizovany amplitudou a latenci maxima respektive minima.
Latenci se rozumi ¢asové zpozdéni viny vztazené k okamziku podéani stimulu. V piipadé
mnohaelektrodového zaznamu lze studovat topografii téchto parametrt na skalpu.

Mezi nejrobustnéjsi elektrofyziologické prikkazy mozkové dysfunkce u pacientt se
schizofrenii prokazané pomoci ERP patfi deficit v generovani viny P300. Ten byl poprvé
popsan pied vice nez 20 lety (Pritchard, 1986) a nasledné opakované potvrzen v celé fadé
nasledujicich studii. Pii snaze lokalizovat oblasti podilejici se na generovani viny P300
pfinesla piekvapivy zavér studie s intracerebralnimi elektrodami. Stimulace aktivovala 1
oblasti, u kterych se G¢ast na zpracovani neptedpokladala. Na genezi viny P300 se miize
podilet az 9 riznych oblasti mozku (Halgren et al., 1998). Toto zjisténi ukazuje na problémy
pfi interpretaci zdroju i odchylek u ERP (Hari et al., 1988).

V poslednich deseti letech se pii vyzkumu U pacientli se schizofrenii zaméiuje
pozornost na kognitivni komponenty evokovanych potencialt, které predchazeji vin¢ P300 a
popisuji Casnéjsi stadia zpracovavani informaci (Javitt et al., 1998). Jejich cilem je nalezeni

zékladni poruchy zpracovani informaci, ktera se podili na kognitivni dysfunkci u schizofrenie.



Nalezeni takové poruchy povede k lepsimu pochopeni patofyziologie onemocnéni a otevie
prostor pro presnéjsi hodnoceni postizeni nemocnych a mozna téz pro nové terapeutické
moznosti. Jednou z podrobné studovanych komponent evokovanych potenciali, kterd ptinesla

V této oblasti vyznamné poznatky, je i takzvand ,,mismatch negativita“ (MMN).



4. Mismatch negativita

4.1. Mismatch negativita definice, zakladni charakteristiky

»Mismatch negativita“ je definovana jako negativni slozka evokovanych potencialii
odrazejici pochody spojené s automatickou detekci zmény. Poprvé byla MMN popséana
Néétidnenem a spolupracovniky v roce 1978 pro akustické stimuly (Nditinen et al., 1978).
MMN je odrazem neuronalni neshody mezi reprezentacemi aktualniho (deviantniho) a
predchazejicich (standardnich) stimuld (Ndédtdnen a Winkler, 1999). S latenci v intervalu 200
az 400 ms po objeveni se podnétu je ¢asove lokalizovana na hranici senzorické kognitivni
komponenty evokovaného potencialu (viz. Obr. 1). Pfedstavuje vySsi proces zpracovani

informace nez primarni senzorickou detekci na kortikalni Grovni (Javitt et al., 1995).
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Obr. 1

Stimulaéni schéma pro vyvolani ,,mismatch negativity. PovSimnéte si, ze jako deviantni
muze poslouzit také chybéjici standardni stimulus. Ve druhé ¢asti obrazku je EP vznikly
prumérovanim 40-ti odpovédi na standardni podnéty (tenka kiivka) a podobné vznikly EP

vyvolany deviantnimi podnéty. Tzv. ,,mismatch negativity* je zndzornéna jako Sedé pole.

Deviantni podnét ve sluchové modalité se od podnétu standardniho miize liSit délkou
trvani, frekvenci, intenzitou, prostorovou lokalizaci, riznosti fonémy apod. (Néitdnen a
Escera, 2000).

Vyvolani MMN ptedpoklada vytvoteni pamét'ové stopy s charakteristikami
standardniho podnétu. Protoze pamétova stopa vytvoiena po jediné prezentaci stimulu neni
pro generovani MMN dostate¢na, musi byt vystaveni standardnimu stimulu opakované
(Kirino a Inoue, 1999).

Latence MMN je podminéna dobou, ktera je potfebna k odliSeni deviantniho a
standardniho podnétu. S nartistajicim interstimulacnim intervalem se mize latence MMN
prodluzovat, z ¢ehoz Ize usuzovat, ze vytvoreni pamét'ové stopy standardniho stimulu je
Winkler, 1995).

S prodluzujicim se intervalem mezi jednotlivymi stimuly klesa v disledku oslabovani
pamétoveé stopy také velikost amplitudy MMN (Cowan et al., 1993). Zména stimulu MMN
nevyvola, pokud pamét'ova stopa jiz zanikla. Amplituda MMN se obecné€ zvySuje
S nartstajicimi rozdily mezi standardnimi a deviantnimi stimuly (Picton et al., 2000) a také
S rostoucim poctem opakovani standardnich stimula (Sams et al., 1993).

Ptedpoklada se, ze akustickd MMN je generovana neurony temporalniho kortexu,

které specificky reaguji na zménu stimulu a jinymi neurony (pravdépodobné z frontalniho



kortexu), které jsou na sensorické povaze stimulu nezavislé (Picton et al., 2000). Na zaklad¢
distribuce MMN na skalpu, magnetoencefalografickych studii, intrakranidlniho snimani
elektrické aktivity a mozkovych 1ézi byly identifikovany hlavni generatory MMN v oblasti
supratemporalniho sluchového kortexu. Pfesnd lokalizace je pravdépodobné zavisla na
charakteristikach stimuld. U¢ast frontalni kiiry na vzniku MMN podporuje nalez absence
MMN u pacienti s 1ézemi v oblasti dorzolateralniho prefrontalniho kortexu (Alho et al.,
1994).

MMN je podrobné prostudovana na auditivnich podnétech. Zda existujejeji analogie
ve vSech ostatnich smyslovych modalitich nebylo jednoznaéné prokazano. Ackoli nalezy
nejsou jednotné, zda se, Ze v somatosenzorické (Kekoni et al., 1997), zrakové (Tales et al.,
1999; Kremlacek et al., 2001; Pazo-Alvarez et al., 2003) a ¢ichové modalité (Krauel et al.,
1999) analogie sluchové MMN existuje. Pokud je ale mechanismus pro zpracovani riznych
informaci spole¢ny, pro€ je tak obtizné MMN detekovat v jinych modalitach (Picton et al.,
2000)? Jednim z moznych vysvétleni je role pozornosti, ktera mize byt pro rizné senzorické
vstupy odli$nd. Jinym moznym vysvétlenim je obtiznost detekce MMN pro sloZitost analyzy
jinych smyslovych vjemu (zejména zrakovych).

Vzhledem k tomu, Ze vySetieni MMN je objektivni neinvazivni metoda s nizkymi
naklady pouzitelna v Sirokém spektru klinickych stavii, zda se jeji potencidlni vyuziti

V klinickém vyzkumu slibné. (Néétinen et Escera, 2000; Naétianen, 2003).

4.2. Mismatch negativita a psychofyziologie

Zatim nevime zcela ptesn¢, co MMN ve vztahu k psychofyziologickym procesum

reprezentuje. Nddtdnen a Winkler navrhuji dvé odlisné faze zpracovani sluchové informace.

V prvni fazi dochazi k analyze jednotlivych vlastnosti zvuku a ve druhé fazi dochazi ke



spojeni téchto charakteristik ve sluchové vjemy nebo reprezentace. Pfedpokladaji, ze sluchova
N1 je odrazem prvni faze a MMN je odrazem faze druhé (Néitanen a Winkler, 1999).
Pivodni prace o MMN piedpokladaly, Ze se objevuje automaticky, bez ohledu na to,
jestli subjekt vénuje deviantnim stimuliim pozornost ¢i ne (Nééténen et al.,1978). MMN bylo
mozné vyvolat i pfi maskovani auditivnich stimull vizualnimi (Alho et al., 1994). Dalsim
dikazem potvrzujici nezavislost MMN na pozornosti jsou nalezy MMN u pacientd v komatu,
u kterych doslo v n¢kolika dnech k névratu védomi (Fischer et al., 2000). Podle jinych studii
se vSak zd4, ze MMN muze byt pozornosti ovlivnéna. Rozdily v amplitudach mezi
jednotlivymi skupinami v riznych studiich mohou byt ¢aste¢né zptisobeny i rozdilem ve
strategiich uplatnéni pozornosti pii senzorické stimulaci. Je znamo, ze pacienti se schizofrenii

maji vyraznéjsi obtize s udrzenim pozornosti nez zdravé kontroly.

4.3. Mismatch negativita a pracovni pamét’

Pracovni pamét’ je definovana jako neuropsychologicky koncept, ktery popisuje
schopnost mozku kddovat, uchovéavat a manipulovat s informacemi béhem kratkého ¢asového
obdobi (Baddeley, 1992). Pracovni pamét’ zahrnuje dvé hlavni komponenty: centralni
exekutivni sloZku prefrontalniho kortexu a podle modality specifické prechodné pomocné
systémy (Shelley et al., 1999), které maji za ukol docasn¢ uchovavat informace. Podle modalit
rozliSujeme systém fonologicky (fonologickd smycka) nebo zrakove-prostorovy (zrakove-
prostorovy nacrtnik) (Baddeley, 1992). Pfechodny pomocny systém piimo vykonava operace
pracovni paméti a centralni exekutivni funkce jsou odpoveédné za fizeni, kontrolu a vybér
z pomocnych systému (Goldman-Rakic, 1994).

Jednou z nejjednodussich soucasti systému pracovni paméti je sluchova senzoricka

pamét’, ktera je ve srovnani s prefrontalnimi komponentami pracovni paméti na pozornosti



nezavisla. Ukazatelem funkce sluchové senzorické paméti je podle fady autort pravé MMN
(Shelley, 1993). Vime, ze MMN se objevuje, kdyz se deviantni podnét odlisuje od stimulu
standardniho. Protoze vSak k vyvoldni MMN nestaci prezentace jediného stimulu, je zfejmé,
ze pii stimulaci deviantnim podnétem dochazi béhem zpracovani k porovnani aktualniho
stimulu s pamétovym zdznamem standardniho stimulu. Z toho lze vyvozovat, Z2 MMN muze
slouzit jako objektivni ukazatel senzorické paméti. To nepiimo potvrdila i studie se zdravymi
dobrovolniky, ktera prokazala, ze sluchova pamétova ,,stopa" a MMN maji podobné obdobi
trvani a podobnou citlivost k ¢asnému a pozdnimu maskovani jinymi podnéty (Winkler a
Naitidnen, 1992).

Protoze prave deficit pracovni paméti je jednou z postizenych domén u pacientt se

schizofrenii, nabizi MMN mozZnost kvantifikace tohoto deficitu.

4.4. Mismatch negativita a dysfunkce glutamatergniho receptorového systému

Pfi u€eni a pii iniciaci formovani dlouhodobé paméti hraje aktivace NMDA receptorti
kli¢ovou roli. Kli¢ovou roli hraji NMDA receptory pravdépodobné i v pracovni paméti (Javitt
et al., 1996). Denzita NMDA receptorti v neokortexu je podobna denzité téchto receptorii
v hipokampu. K objasnéni mechanisma generovani MMN a vztahu k NMDA receptorovému
systému bylo v Javittové studii pouzito intrakortikalni snimani elektrické aktivity v oblasti
pfedni insuly pfi fokalni infizi NMDA a non-NMDA antagonistl v mikroregionu snimaci
elektrody. Tato studie prokazala, ze lokalni podani NMDA antagonistli zamezuje vzniku
MMN v dané oblasti aniz jsou ovlivnény ostatni komponenty sluchového evokovaného

potencialu (Javitt et al., 1996; Umbricht et al., 2000).



4.5. Mismatch negativita u schizofrenie

Poprvé byla nedostate¢na tvorba MMN u schizofrennich pacient popsdna pocatkem
90. let (Shelley et al., 1991). Od té doby byly o vztahu schizofrenie a MMN publikovany
témeér tii desitky studii. VéEtSina praci popsala snizeni amplitudy MMN u nelécenych i
lécenych pacientl se schizofrennim onemocnénim oproti zdravym kontrolam. Ojedinélé prace
signifikantni deficit v generovani MMN u této skupiny pacienti nenalezly (napt. O 'Donnell et
al., 1994). Nalezy piedpokladaji neurofyziologickou poruchu na urovni sluchového
senzorického kortexu u schizofrenie, coz odpovida poskozeni sluchové paméti a zjisténym
anatomickym odchylkam v oblasti gyrus temporalis superior u schizofrenikd (Holcomb et al.,
1995; Javitt et al., 1997). NaruSeni sluchové senzorické paméti u nemocnych se projevuje
postizenim pfesnosti vybavovani ptislusné pamétové stopy. Podobné nalezy byly popsany i u
zrakového senzorického pamétového systému (Fleming et al., 1997).

Odchylky MMN u schizofrenie 1ze uvést do souvislosti s dal§imi neurochemickymi
nalezy u schizofrenie. Vyznamna hypotéza patogeneze schizofrenniho onemocnéni poklada
dysfunkci NMDA receptori glutamatergniho systému za klicovou neurochemickou poruchu u
tohoto onemocnéni. Hypotéza se opira mimo jiné o pozorovani uc¢inkti podavani fencyklidinu,
ketaminu a jinych antagonistt NMDA glutamatergnich receptorii zdravym dobrovolnikiim.
Tyto latky navozuji u zdravych jedinct symptomy, které jsou podobné ptiznakiim pacienti se
schizofrennim onemocnénim (Javitt et al., 1996). Jejich podani vede také ke sniZeni nebo
zaniku vybavnosti MMN (Umbricht v Javitt et al., 2000). Zménu v tvorbé MMN u pacientl se
schizofrenii 1ze spojovat s poruchami glutamatergni neurotransmise na NMDA receptorech
V oblasti sluchového senzorického kortexu. Pro potvrzeni vztahu pracovni paméti a NMDA
receptori u pacientli se schizofrenii pouzil Umbricht ve své studii zdravé dobrovolniky,

kterym byl podan ketamin. Deficit v oblasti pracovni paméti u pacientti se schizofrenii byl



nerozeznatelny od deficitu, ktery byl navozen poddnim ketaminu u zdravych kontrol
(Umbricht et al., 2000). Vice byl postiZzen proces zahrnujici osvojeni a kodovani informaci
nez proces uchovani informace.

Podplirnym nélezem je i postizeni generovani MMN pfti podavani inhibitoru
acetylcholinesterazy tetrahydroaminoakridinu u pacientit s Alzheimerovou chorobou
(Aramakis et al., 1997). Niz§i MMN po cholinomimeticky pusobici latce je vysvétlovano
zvySenou cholinergni modulaci NMDA receptori ve sluchové kiie.

Vztah mezi postizenim kognitivnich funkci a MMN sledoval Baldeweg, ktery nalezl
negativni korelaci ve vybavnosti MMN se stupném postizeni v neuropsychologickych
vySettenich (Baldeweg et al., 2004). Jsou vsak i nalezy, které asociaci MMN, pracovni paméti
a dysfunkce NMDA receptorti nepodporuji. Dvojité slepa placebem kontrolovana studie se
zdravymi dobrovolniky po podani ketaminu zmény MMN nepotvrdila (Oranje et al., 2000).

Baldeweg ve svych studiich popisuje vyraznéjsi deficit MMN v oblasti frontocentralni
elektrody, coz odpovida preferenénimu postizeni frontalnich generatorat MMN. Autor
povazuje tento nalez za specificky pro schizofrenii (Baldeweg et al., 2002, 2004). Podobné
nalezy nasvédcuji tomu, Ze pacienti se schizofrenii maji proti jinym neuropsychiatrickym
porucham odlisSnou topografiit MMN.

Vybavnost MMN je nepfimo imérna negativni symptomatice onemocnéni, avsak je
nezavisla na aktualni psychopatologii schizofrenie (Javitt et al., 2000).

V Umbrichtové studii nebyl nalezen rozdil v MMN u pacientt s jednou epizodou nebo
opakovanymi epizodami (Umbricht et al., 2003). Studie u prvnich epizod deficit MMN
neprokazala (Salisbury et al., 2002). Naproti tomu Shinozakiho studie prokazala modulaci
deficitu MMN s progresi onemocnéni (Shinozaki et al., 2002). Nekonzistentni jsou také
nalezy u zdravych ptibuznych prvniho stupné. Jessenova studie nasla snizeni amplitudy u

piibuznych pacienti oproti zdravym kontrolam (Jessen et al., 2001), ale novéjsi studie



Bramonové¢ tento nalez nepotvrdila (Bramon et al., 2004), Brockhaus-Dumkeové nalezla
dokonce u podskupiny nelécenych pacientl s prvni epizodou vyssi amplitudu MMN neZ u
zdravych kontrol. To vede k predpokladu, ze amplituda MMN se v riznych fazich
manifestniho onemocnéni méni.

Ve stejné studii byla sledovana i skupina pacientii s prodromélnimi pfiznaky, kteti ale
m¢éli velmi proménlivé a nejednotné vysledky (Brockhaus-Dumke et al., 2005).

Nékterymi autory je deficit generovani MMN povazovan za ukazatel vulnerability
schizofrenniho onemocnéni (,,trait marker*). Odli$nost ve srovnani s jinymi
neuropsychiatrickymi onemocnénimi takovému vyznamu tohoto jevu nasvédcuje. Umbricht
se dokonce domniva, ze MMN miize slouzit jako endofenotyp (skryta dilezitd hereditarni
charakteristika) pro podskupinu pacientl se schizofrenii, ktefi maji abnormity v glutamatergni
neurotransmisi a funkci NMDA receptort. Dysfunkci NMDA glutamatergnich receptorti
povazuje za faktor, ktery uruje zavaznost a pribéh onemocnéni (Umbricht et al., 2003).
Podle Bramonové je vSak deficit MMN jako marker vulnerability nespecificky a nemutze byt
dobrym endofenotypem schizofrenniho onemocnéni (Bramon et al., 2004).

Z literatury je znamo ovlivnéni P300 pfi terapii antipsychotiky. MMN se pii terapii
klozapinem neménila (Umbricht et al., 1998). Deficit MMN se neméni pii 1é¢bé klasickymi
(Pekkonen et al., 2002) ani atypickymi antipsychotiky. Nebyl rozdil v amplitudé u 1é¢enych
nebo nelécenych pacientii se schizofrenii. U [é€enych pacientl nebyla zjisténa korelace mezi
davkou antipsychotik nebo anticholinergik a amplitudou (Javitt et al., 1995). Nebyla zjisténa
ani zmeéna pii pievedeni z klasickych preparati na nova antipsychotika (Umbricht et al.,
1998).

Podle metodologicky dikladné studie z posledni doby je deficit v generovani MMN
spojen s horSim socialnim fungovanim. Znamena to, Ze tento deficit by se mohl stat

prediktorem funk¢éniho postizeni pacientd se schizofrenii (Light a Braft, 2005).



MMN je vyznamnym elektrofyziologickym ukazatelem postiZzeni kognitivnich funket,
pfedevsim zpracovani informaci na tirovni primarniho a sekundarniho senzorického kortexu
(Umbricht et al., 2003). VySetteni MMN je neinvazivni a nendkladné. Reprodukovatelnost je
srovnatelna s Siroce pouzivanymi neuropsychologickymi vysetfenimi (Light et Braff, 2005).
Zavislost vySetfeni na proménlivé pozornosti, motivaci a sili nemocného je pravdépodobné
mensi. (Javitt et al., 1995). Otazka role pozornosti v§ak dosud neni jednoznac¢né vyieSena.

MNN je bézné povazovana za index senzorické paméti, ale vezmeme-li v Givahu i
frontalni generator, jehoz porucha se podle n¢kterych praci u pacientti se schizofrenii do
deficitu MMN promita vice, mize mit vztah také k exekutivni slozce pracovni paméti.
Vysetieni MMN by mohlo ptispét k detekci podskupiny pacientd, ktefi vykazuji dysfunkci
NMDA glutamatergni neurotransmise, maji vyrazné&jsi postizeni kognitivnich funkci a horsi
socialni fungovani.

Otazkou ziistava, zda alterace generovani MMN je odrazem procesu zpracovani
informace a implicitni paméti nebo hlavné poruchou pracovni paméti respektive exekutivnich
funkei. U pacientd se schizofrenii je popisovan i deficit v generovani casného negativniho
vrcholu evokovaného potencialu, ktery MMN piedchazi- tzv.N1 (Frod et al., 2001). Tento
nalez podporuje hypotézu, Ze u schizofrenie je naruseno jiz ¢asné zpracovani informace.
Dtikazy poruchy zpracovani informaci tedy miizeme nalézt na v§ech urovnich — primarni
ktira, senzorickd pamét’ a exekutivni slozka pracovni paméti. Problém nelze zjednodusit na
nalezeni a urceni vlivu jednotlivych generatort, mize odraZet naruseni funkéniho propojeni
jednotlivych oblasti

Zkoumani deficitu v genezi MMN u pacientli se schizofrenii umoziuje ptistup
k patofyziologickym mechanismim neuropsychologickych charakteristik dulezitych u tohoto
onemocnéni. Nevime zatim, zda je tento nalez spole¢ny pro vSechny smyslové modality a zda

u nich ma stejny vyznam. Zkoumani MMN ve zrakové oblasti mize na nékteré otazky



odpoveédét. Nalezy nasi studie sveéd¢i pro moznost, z2 MMN muze odrazet pro schizofrenii

vyznamnou poruchu zpracovani informaci i v této smyslové modalit¢.



5. Mismatch negativita ve zrakové oblasti

5.1. Zpracovani zrakovych informaci

Zpracovani zrakové informace probiha jiz od retinalni trovné paralelné. Zjednodusené
1ze hlavni informacni proud zpracovavany v primarni zrakové ke rozdélit na magnocelularni
drahu (formuje vstup dorsalniho proudu) a parvocelularni drahu (tvofici vstup ventralniho
proudu). Systém magnocelularni je vyvojove starSi. Projek¢ni oblasti dorsalniho proudu je
kira zadnich oblasti parietalnich lalokd. Metaforicky fe¢eno odpovida tento z hlediska
zpracovani zrakové informace na otazku Kde? Je citlivy zejména na pohyb a celkovou
organizaci zrakové scény, je drahou zrakove prostorové percepce a vizuomotorickych
vykonti. Naproti tomu temporalni proud z tohoto pohledu odpovida na otazku Co? Jeho hlavni
projekeni oblasti je klira na hranici parietalnich a temporalnich laloki. Funkce obou systému
neni diskrétni, Oba systémy spolupracuji. Oblasti dorsalniho systému jsou aktivovany velmi
rychle atedy zpétnovazebné ovliviiuji odpovédi neuroni v oblasti V1 a V2. Protoze dochazi
k rychlé aktivaci neuronti dorsalni drahy, je pravdépodobné, Ze mohou ovliviiovat neurony
ventralniho systému hlavné reintrojekci informace v oblastech V1 a V2 (Bullier, 2001). To
znamena, ze globalni informace je zpracovavana diive a Ze ¢asné zpracovani globalni
informace miize byt obecnym principem organizace CNS (podobné nélezy i u ¢ichového
vniméni). Znamena to, Ze dochéazi k asynchronnimu transferu informaci a rychlé aktivaci

dorsalniho systému, ktery zajiSt'uje prvotni analyzu zrakove informace (Bulier, 2001).

5.2. NaruSeni zpracovani zrakové informace u pacienti se schizofrenii

Mezi nejrobustnéjsi psychofyziologické nalezy u schizofrenie patii naruseni plynulych

sledovacich o¢nich pohybd. Pivodné byl tento nalez popsan Diefendorfem u dementia



praecox Vv roce 1908. Ani tento ndlez neni dosud zcela uspokojivé vysvétlen. Podle nékterych
autorit by se primarné¢ mohlo jednat o poruchu ,,motion memory* tedy vlastné o poruchu
pracovni paméti, kterd vede k naruSeni schopnosti predikovat pohyb na zadkladé
extraretinalnich informaci. Jinym vysvétlenim je, Ze pacienti se schizofrenii maji deficit jiz
pfi samotném zpracovani pohybu, napfiklad Stuve, ktery sledoval vztah mezi vnimanim
pohybu a plynulymi sledovacimi o¢nimi pohyby, dolozil, Ze se nejedna o poruchu pozornosti.
Tento deficit zahrnuje poruchy pfi rozpoznani pohybu, pii sledovani pohybujicich se objektl

a rozliSeni tvaru a pohybu (Collen et al., 2002).

5.3. Existence MMN ve zrakové oblasti

Ackoli je existence a vyznam MMN ve zrakové oblasti (VMMN) pfedmétem diskuzi,
byly publikovany studie podporujici moZznost automatické detekce zmény ve zrakovém
systému, ktery je podobné jako v oblasti sluchové zalozen na paméti (Pazo-Alvarez et al.,
2003).

Pokud jde o klinické studie, byla publikovana studie popisujici deficit generovani
VMMN u pacientii s Alzheimerovou chorobou (Tales and Butler, 2006). Nase prace byla

prioritni ve smyslu popisu VMMN u pacientli s onemocnéni schizofrenniho okruhu.

5.4. Cile prace

Hlavnim cilem dizerta¢ni prace je detekovat odchylky generovani mismatch negativity

u pacientu se schizofrenii ve zrakové oblasti.



Ptidruzenym cilem bylo mozné vyuziti VYMMN jako klinické vySetiovaci metody,
ktera ptispéje k detekci podskupiny pacientii s charakteristickym postizenim a zhorSenym
socidlnim fungovanim.

Tyto cile umozni mimo jiné interpretaci funkce dorsalniho proudu zrakového systému
u cilové skupiny pacientd pomoci pohybem vyvolanych EP. Pokousime se zjistit, jestli je
deficit v generovani MMN mozno chapat jako univerzalni pro ¢asné zpracovani informaci ve
vsech modalitach nebo jestli je ve zrakové oblasti dan specifickym postizenim zpracovani
zrakové informace magnocelularnim systémem.

Cile prace se opiraji 0 jeden z nejrobustnéjSich psychofyziologickych nalezt u
schizofrenikd, kterym je naruseni plynulych sledovacich o¢nich pohybti, jehoz mechanismus
dosud neni uspokojivé vysvétlen. Vychazime z praci, které tento nalez povazuji za disledek
naruSeni ¢asné faze zpracovani zrakové informace pii vnimani pohybu, jejimz podkladem je

dysfunkce magnocelularniho systému.

5.5. Metodika

5.5.1. Soubor

Soubor tvotila skupina pacientd s diagndzou schizofrenie nebo schizoafektivni
poruchy. Diagndza byla stanovena na zdklad¢ diagnostickych kritérii dle 10. revize
mezinarodni klasifikace nemoci (MKN 10, 1993).

Snimani EP probihalo v elektrofyziologické laboratoti Ustavu patologické fyziologie
1ékatske fakulty Univerzity Karlovy v Hradci Kralové.

Ze souboru byli vylouceni pacienti s anamnézou o¢niho a neurologického
onemocnéni. Vylouceni byli rovnéz pacienti s jinou komorbidni psychiatrickou diagnozou a

pacient uzivajici psychotropni latky. Kontrolni soubor tvofila skupina zdravych dobrovolnika



vékem a pohlavim odpovidajici skupiné nemocnych. Demografické a klinické udaje jsou

uvedeny v tabulce 1. Vyjma jednoho uzivali vSichni nemocni v dob¢ elektrofyziologického

vysetieni antipsychotickou medikaci. Podrobnéji je antipsychotickd medikace popsana

V tabulce 2. Pro porovnani jsme uzivali pfepocet na ekvivalent chlorpromazinu. Priimérna

davka chlorpromazinového ekvivalentu byla 350 mg/den (0-1100 mg, SD=262 mg/den).

Tabulka 1: Demograficka a klinicka data pacient se schizofrenii

Primér | SD Median | Rozmezi
Vek 27,9 9,25 26 19-61
Délka trvani onemocnéni 7,1 10,04 1,0 1-44
Pocet hospitalizaci 3,4 1,75 4.0 1-6
Denni davka antipsychotika 366 257 400 100-1100
(mg/den v chlorpromazinovém ekvivalentu)

Tabulka 2: Rozd¢leni podle antipsychotické medikace

Antipsychotikum Pocet pacientii
Druhé generace olanzapin 10
antipsychotik klozapin 5

risperidon 2

jiné* 4
Prvni generace haloperidol 2
antipsychotik jiné ** 3
Kombinace*** 4

*ziprasidon, quetiapin, aripiprazol a amisulpirid

** flupentixol, flufenazin-enantat, pimozid

*** y§echny kombinace byly kombinaci antipsychotika prvni genereace a antipsychotika druhé genereace



Vsichni pacienti byli vySetfeni skalou GAF (Global Assessment of Functioning; DSM-
IV, 2000), skalou PANSS (The positive and negative syndrome scale; Kay et al., 1987) a
Skalou SDS (Schedule for the Deficit Syndrome; Kirkpatrick et al., 1989).

Veskeré procedury byly pacientim i zdravym kontrolam podrobné vysvétleny a
vsichni Uc¢astnici podepsali informovany souhlas. Studie byla schvalena Etickou komisi

I¢katské fakulty Univerzity Karlovy v Hradci Kralové.

5.5.2. Metody

5.5.2.1. Stimuly

Testovaci paradigma bylo specificky vytvotfeno pro vyvolani zrakové mismatch
negativity a bylo zaloZeno na podobné studii, kterou provedli autoti Tales et al. (Tales et al.,
1999). Paradigma tvotila série zrakovych podnétu sestavajici z asto (88%) se opakujicich
standardnich stimult a vzacné byl zobrazen odli$ny podnét - deviantni stimulus (6%). Tyto
podnéty byly zobrazeny v periferii zorného pole. Za t¢elem kontrolovani zaméfené
pozornosti byli probandi pozadani, aby odpovidali na nahodny stimulus, ktery byl
prezentovan v centru zorného pole s pravdépodobnosti vyskytu 6%. Ve chvili, kdy se objevil
tento stimul, m¢li probandi za ukol stisknout tla¢itko. Sekvence jednotlivych stimuld byla
nahodna.

Stimuly jsou sloZeny ze struktury (dva pruhy) se sinusoidalni modulaci S nizkym
kontrastem (10%): jeden s prostorovou frekvenci (0.1 ¢/deg) 15° vné zrakového pole a druhy
s prostorovou frekvenci (1 ¢/deg) 5° uvniti zrakového pole. Standardni a deviantni stimuly

byly prezentovany jako rychly pohyb (50 deg/s) v perifermi ¢asti zrakového pole. Standardni



podnéty spocivaly v pohybu smérem nahoru v trvani 200 ms a deviantni podnét byl

prezentovan jako pohybu smérem doli se stejnou dobou trvani. Interstimulaéni interval byl

600 ms. Obrazek 2 reprezentuje prostorové a ¢asové parametry stimultl. Stimuly byly

promitany na 21 monitoru llyama. Monitor byl fizen programem vyvinutym

Vv elektrofyziologické laboratofi (Kremlacek et al., 1999). Obrazovka s thlem zrakového pole

42°x30° a pozorovaci vzdalenosti 0.5 m. Praimérny jas stimulace byl 17 cd/m2.

Obrazek 2
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Obr. 2: Na obrazku jsou zobrazeny charakteristiky stimulu. V horni ¢asti obrazku jsou

time [ms]

prostorové vlastnosti stimula¢niho obrazce, ktery byl prezentovan v prubéhu celého vySetieni.

Jednotlivé stimuly predstavoval nahly pohyb nékteré z ¢asti stimula¢niho obrazce. Bilé Sipky



ve stfedni ¢asti ukazuji smér tohoto pohybu. Napfiklad standardni stimulace sestava z pohybu
v periferii s rychlosti 50 deg/s za 200 ms. V dob& mezi pohyby byl obraz po dobu 600 ms
stacionarni. Ostatni stimuly jsou prezentovany obdobné. Casové charakteristiky stimuldi jsou
v dolni ¢asti diagramu a ukazuji sekvence udalosti béhem snimani odpovédi. Pouzité zkratky:
rychlost (velocity) ~ v; prostorova frekvence (spatial frequency) ~ sf, svételny kontrast
(luminancy contrast - Michelson) ~ c; pravdépodobnost objeveni se stimulu (probability of

stimulus occurrence) ~ p.

5.5.2.2. Snimani evokovanych potenciali

Sniméni EP se provadélo v zatemnéné (jas<1 cd/m?) odhluénéné a elektromagneticky
odstinéné mistnosti. VySetfovani sedéli béhem vysetieni v pohodlném polohovatelném kiesle
s oporou hlavy. VSichni vySetiovani byli instruovani k tomu, aby sledovali stfed stimula¢niho
pole. Spoluprace v¢etné spravné fixace je monitorovana prostfednictvim CCD kamery.
Evokované odpovédi jsou snimany ze Sesti unipolarnich svoda, které se v elektrofyziologické
laboratofi standardné pouzivaji (Kremalcek et al., 2006). Aktivni elektrody jsou umistény v
pozicich Fz, Cz, Pz, Oz a dv¢ lateralni okcipitalni elektrody jsou umistény 5 cm vpravo (Or) a
vlevo (Ou) od svodu Oz. Zesilova¢ (Contact Precision Instruments PSYLAB, System 5)
pracuje v rozmezi 0.3-100 Hz. Odpovédi jsou snimany pti vzorkovaci frekvenci 500 Hz a
v rezimu 0ff-line jsou pramérovany. Kazdy subjekt podstoupil celkem Ctyfi snimani, z nichz
kazdé obsahuje 170 prezentaci stimuld; 150 standardnich, 10 deviantnich a 10 cilovych.
Zaznamenany byly odpovédi ze vSech tii stimult. Frekvence vyssi nez 30 Hz byly z

pramérného signalu digitalné odstranény filtrem typu horni zadrz.



5.5.3. Analyza

Statistickd analyza byla provedena na zaklad¢ porovnani rozdilt mezi ERP
vyvolanymi standardnimi a deviantnimi stimuly. Tento rozdil reprezentuje zrakovou
mismatch negativitu (VMMN). Vizualni analyzou jsme porovnavali celkové prameéry
odpovédi zrakové mismatch negativity u kontrol a pacientt se schizofrenii. Timto
porovnanim jsme nalezli maximalni rozdil mezi skupinami v intervalu 100 az 200 ms, coz
analogicky odpovida intervalu ze sluchové modality. Plocha pod kiivkou (AUC — area under
curve) byla vypocitana jako integral vVMMN. Rozdily ve zménach plochy pod kiivkou byly
pak statisticky porovnavany
t-testem pro parova méteni.

Pro sekundarni analyzy byly pouzity Pearsonovy korelace. Rovnéz skupina pacienti
byla medidnovym testem rozdélena na podskupiny podle proménnych ,,délka trvani
onemocnéni®, ,,celkové skore GAF, ,,primérna denni davka antipsychotika® a dale podle
pfitomnosti (SDS>0) nebo nepfitomnosti deficitniho syndromu (SDS=0). Nasledné jsme
pomoci t-testu porovnavali rozdily mezi skupinou zdravych dobrovolnika a podskupinami

pacientll se schizofrennim onemocnénim.



5.6. Vysledky

5.6.1. Rozdily v odpovédich na deviantni pohybové stimuly mezi pacienty a kontrolami

U vsech vySettovanych byly zaznamenany evokované odpovédi bez pfitomnych
artefaktt.

Primérné evokované odpovédi ze vSech svodu u kontrolni skupiny jsou uvedeny na
obrazku 3. Korespondujici odpovédi u skupiny nemocnych jsou uvedeny na obrazku 4.
Porovnani pramérnych odpovédi na deviantni stimuly mezi skupinou kontrol a pacientt se

schizofrennim onemocnénim jsou uvedeny na obrazku 5.
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Obr. 3: Primérné EP na cilovy stimulus (Cerchovana ¢ara), deviantni stimuly (plna silna ¢ara)
a na standardni stimuly (pIna tenka ¢ara). Primérné EP reprezentuji primérnou odpoveéd’ od
vSech probandil z kontrolni skupiny. Svod, ze kterého byly odpovédi zaznamenanyje
vyznacen v pravém hornim rohu kazdého diagramu. Bodov¢ statistické rozdily v parovém t-
testu, pokud jsou statisticky vyznamné, jsou zndzornény jako cerné ploSka na spodni ¢asti
kazdého diagramu. Zrakova mismatch negativita byla statisticky vyznamna ve vSech svodech.

Obrazek 4
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Obr. 4: Pramérné EP na cilové stimuly (teCkovana ¢ara), deviantni stimuly (pIna silna ¢ara) a
na standardni stimuly (plné tenkd cara). Primérné EP reprezentuji primérnou odpovéd’ vSech
probandu ze skupiny pacientl se schizofrenii. Uspotadani obrazku je stejné jako u Obrazku 3.

Na rozdil od kontrolni skupiny se zrakova mismatch negativita objevuje ve skupiné

nemocnych pouze ve frontalnim svodu.
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Obr. 5: Porovnani primérnych EP na deviantni stimuly u skupiny kontrol (plna silna ¢ara) a u

skupiny pacientii se schizofrenii (plnd tenka ¢ara). Seda plocha znazoriiuje rozdily mezi

kiivkami.

Rozdily ploch pod kiivkou mezi odpovéd'mi na deviantni a standardni stimuly

Vv intervalu 100 az 200 ms pro ob¢ skupiny jsou shrnuty v nasledujici tabulce.



Tabulka 3: Zrakova mismatch negativita u pacientd a kontrol

AUC (uV?/ms) = AUC [ (EP deviantni

stimuly)- (EP standardni stimuly)]

Pacienti Kontroly

interval svod (N=24) (N=24) p

Primé | SD Primér | SD
r
100-200 ms Oz 0,72 |51,65 |-33,85 |59,86 |0,048*
Or -0,64 |48,29 |-33,07 |61,64 |0,049*
Pz -3,27 |56,20 |-44,97 |57,52 |0,025*
Cz 16,86 |70,26 |-23,56 [67,02 |0,061
Fz 30,69 |65,14 |-24,21 |62,28 |0,011*

Rozdily ve zrakové MMN mezi skupinou pacientli a zdravych kontrol byly statisticky
vyznamné ve svodech okcipitalnich, parietdlnim a frontalnim. Ve svodu centralnim nebyl

tento rozdil statisticky signifikantni.

5.6.2. Vztah zrakové mismatch negativity a dalSich proménnych

Korelacni matice neukazala zadné statisticky vyznamné korelace vVMMN s vékem a
celkovym skore na Skale GAF.

Byly zjistény statisticky vyznamné Pearsonovy korelace ve svodech Cz a Fz s denni

davkou antipsychotik v miligramech chlorpromazinového ekvivalentu (r=0.54 ; p=0.006).



Rovnéz byla nalezena statisticky vyznamnd korelace se zavaznosti deficitniho

syndromu a hodnotou VMMN ve svodu Fz (r=0,55; p=0,004).

5.6.2.1. Délka trvani onemocnéni

Statisticky signifikantni rozdil v generovani VMMN mezi kontrolami a skupinou
pacientl s délkou trvani onemocnéni déle nez tfi roky byl pfitomen ve svodu Fz (t=2,64,
p=0,001). Nebyl nalezen rozdil mezi kontrolami a skupinou pacienti, u nichZ onemocnéni

trvalo kratsi dobu nez tfi roky.

5.6.2.2. Socialni fungovani (celkovy skor na Skale ,,Global Assessment of Functioning*)

Nebyl zjistén statisticky vyznamny rozdil v amplitudé vMMN mezi kontrolni
skupinou a skupinou pacientd, u nichz bylo skére na skale GAF vyssi nez 74. Rozdil se
objevil pouze v porovnani se skupinou pacienti, ktefi méli skore nizsi nez 74. Tento rozdil
byl statisticky vyznamny ve svodech OL (t=2,32, p=0,040), Pz (t=3,19, p=0,008), Cz (t=2,33,

p=0,039) a Fz (t=3,05, p=0,010).

5.6.2.3. Denni davka antipsychotika

Statisticky vyznamny rozdil v amplitudé vMMN ve svodech Pz (t=2,54, p=0,03), Cz
(t=2,18, p=0,04) a Fz (t=2,08, p=0,04) byl u skupiny pacientt s vyssi davkou antipsychotika
nez 375 mg chlorpromazinového ekvivalentu. Podskupina pacientl s davkou nizsi se

vyznamné odliSovala od skupiny zdravych kontrol pouze ve svodu Fz (t=2,27, p=0,044).



5.6.2.4. Pritomnost deficitniho syndromu

V této analyze byli pacienti rozdéleni na skupiny podle piitomnosti nebo
nepiitomnosti deficitniho syndromu podle $kaly SDS. Skupina pacientt s deficitnim
syndromem (N=11) m¢la statisticky vyznamné odliSnou odpovéd’ ve srovnani se zdravymi
kontrolami ve svodech Pz (t=3,03, p=0,012), Cz (t=2,24, p=0,048) a Fz (t=4,17, p=0,001).
Skupina pacientti bez deficitniho syndromu (N=13) nevykazovala zadné rozdily v generovani
VMMN ve srovndni se skupinou zdravych kontrol.

Nésledné jsme porovnali obé skupiny pacientii mezi sebou. Skupina pacientli
S deficitnim syndromem méla statisticky vyznamné odlisnou odpovéd’ ve srovnéni se
skupinou nedeficitnich ve svodech Cz (t=-2.19, p=0.0396) a Fz (t=-3.79, p=0.0010). Ve
svodech Ot, Oz, Or a Pz nebyly zjistény statisticky vyznamné rozdily v amplitudé vMMN.

Vysledky jsou uvedeny v tabulce 4 a na obrazku 6.



Tabulka 4: Zrakova mismatch negativita u pacientti podle pfitomnosti deficitni syndromu

AUC (uV2/ms) = AUC [ (EP deviantni

stimuly)- (EP standardni stimuly)]

Nedeficitni Deficitni
interval svod pacienti pacienti P
(SDS=0; N=13) | (SDS>0;

N=11)

Primér |SD Primér | SD
100-200ms ) OL 2,07 |5282 |618 |61,67(0,72730
oz
590 |5239 855 |52,13|0,50672
OR
392 |5416 [324 |42,57|0,72609
Pz 21,78 |61,97 |18,59 |41,03|0,07886
cz 9,88 |60,69 48,46 |70,05|0,03964*
Fz 617 |4629 |74,25 |57,73|0,00101%
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Obr. 6: Porovnani primérnych EP na deviantni stimuly u skupiny deficitnich pacientt (plna
silna ¢ara) a u skupiny nedeficitnich pacientii (plna tenka &ara). Seda vyplii oznacuje rozdily

mezi odpovéd'mi deficitnich a nedeficitnich pacientd.



5.6.2.5. Zrakova mismatch negativita a psychopatologie
Sledovali jsme také vztah mezi generovanim zrakové MMN a aktualni urovni
psychopatologie méfené na Skale PANSS. Nezjistili jsme statisticky vyznamné korelace mezi

VMMN a skalou PANSS ani subskalou pozitivnich nebo negativnich ptiznakd.

5.6.2.6. Intraindividualni variabilita

Pokud jde o intraindividualni variabilitu u pacientl se schizofrennim onemocnénim,
tak jsme vysettili 21 pacient v odstupu 2,8 £ 1,4 roki. Z porovnani byla vyfazena jedna
pacientka, protoze pii prvnim méfeni nespolupracovala a vVMMN nebyla namétena. Testovana
byla plocha pod ktivkou z vyse popsanych 6 svodu v intervalu 100 az 200 ms. Parovy t-test
neprokazal zadnou systematickou tendenci v nalezech vMMN. F-test neprokazal zadné

rozdily v rozptylech nalezi obou méteni.

5.6.2.7. Zrakova mismatch negativita a NMDA neurotransmise

Sledovana byla korelace mezi sérovymi hladinami D-serinu a zrakovou mismatch

negativitou. Nalezena byla statisticky vyznamna korelace mezi sérovou hladinou D-serinu a

VMMN ve svodu Oz (0,44, p<0,05].



5.7. Diskuze

V nasi praci jsme u pacientd se schizofrennim onemocnénim nalezli nizsi amplitudu
negativni vychylky u zrakovych evokovanych potencidll jako odpovéd’ na deviantni podnéty.
Tato odpovéd’ méla latenci 100 az 200 ms. NaSe publikovana préace byla prvni, kterd popsala
u pacientl se schizofrenii deficit generovani MMN ve zrakové oblasti.

Existence analogického fenoménu ve zrakové oblasti byla, respektive je, predmétem
diskuzi. Podle zevrubného ptehledu studii (Pazo-Alvarez et al., 2003) se domnivame, ze
existuje obdoba MMN i ve zrakové oblasti.

Zakladni charakteristiky skupiny pacientti v naSem souboru pfiblizn¢ odpovidaly
charakteristikdm studii MMN ve sluchové oblasti. Nase vysledky jsou v souladu s nalezy
deficitniho generovani MMN v pozd¢jsich fazich onemocnéni. MMN mize byt z tohoto
pohledu povazovana za marker stavu, ktery odpovida vzhledem k prib&hu onemocnéni jeho
neurodegenerativni fazi. Sekundarni analyza rovnéz potvrdila, Ze vyraznéjsi deficit zrakové
MMN je u pacientl spojeny s hor§im socidlnim fungovanim, del$i dobou onemocnéni,
pritomnosti deficitniho syndromu a s vys$$i ddvkou antipsychotické medikace.

NaSe nalezy maji néktera omezeni. Aby mohla byt vMMN povazovana za index na
pozornosti nezavislého ukazatele zpracovani zrakové informace, je klicova kontrola zamétené
pozornosti. Domnivame se, Ze tento problém byl Gispé$né vyieSen zaméfenim pozornosti na
cilovy podnét (Kremlacek et al., 2001). Nutnost zaméfeni pozornosti béhem vysetieni a tedy
spoluprace ze strany pacienta vedla k zatfazeni pouze dostatecné spolupracujicich pacientd.

Dalsi limitaci je fakt, ze az na jednoho pacienta, byli vSichni v pribéhu testovani
1éCeni antipsychotiky. VéEtSina pacientl uzivala tzv. antipsychotika druhé generace, véetné
klozapinu. Ac¢koli je z literatury znamo, Ze antagonisté D2 nebo 5 HT2 receptori neovliviiuji

velikost MMN v sluchové oblasti (Umbricht et al., 1998; Chen et al., 1999) a medikace



neovliviovala vysledky ve studii MMN (Catts et al., 1995), je nutné podrobnéji prozkoumat,
jestli podobné tvrzeni plati rovnéz pro zrakovou MMN. V nasi skupiné¢ méli mensi amplitudu
VMMN ti, kteti byli 1éCeni vyssi davkou antipsychotika. ProtoZe totéz plati i pro délku trvani
onemocnéni, pocet hospitalizaci a pfitomnost deficitniho syndromu, domnivame se, Ze tento
rozdil je spiSe témito proménnymi nez denni davkou antipsychotika.

MMN je evokovany potencial, ktery je na pomezi komponenty odpovidajici Casnému
senzorickému a kognitivnimu zpracovani informace.

Predpoklada se, ze MMN ve sluchové oblasti souvisi s pracovni paméti a NMDA
neurotransmisi. Pfedpozornostni automaticka detekce zmén vyzaduje porovnani neuronélnich
reprezentaci s prichozimi stimuly. Mlze byt povazovana za soucast pracovni paméti, ktera
slouzi k automatickému kognitivnimu ptedzpracovani senzorickych informaci jesté pred
dosazenim védomé pozornosti. Tato hypotéza je kompatibilni s konceptem sluchové MMN
jako indexu senzorické sluchové paméti vztahujici se k funkci NMDA receptorového systému
(Javitt et al., 1995; Javitt et al., 1996). Vztah MMN a pracovni paméti je v souladu se studii
ve které sluchovéa pamét'ova stopa a MMN u zdravych dobrovolnikd méla obdobnou délku
trvani a méla i obdobnou citlivost k maskovani jinymi stimuly. (Winkler and Naétanen,
1992).

Pacienti se schizofrenii maji rovnéz deficit v generovani negativniho vrcholu,
ktery ptredchazi MMN, tzv. vina N1 (Ford et al., 2001). Tyto nalezy potvrzuji hypotézu, ze
schizofrenie je charakterizovdna naruSenim zpracovani senzorickych informaci jiz v ¢asnych
fazich. Deficit zpracovani informaci ve zrakovém systému muze vychdzet z dysfunkce
magnocelularni drahy (Butler et al., 2005), ktera slouZi k rychlé orientaci ve zrakovych
podnétech a zajist'uje zpracovani a filtraci podnéti pro pozdé;si kognitivni zpracovani.
Magnoceluldrni systém pracuje v modu nelinearniho zesilovani zprostiedkovaného NMDA

glutamatergnimi receptory (Butler et al., 2005). Obdobny vzorec redukce evokovanych



potencialti pozorovany u pacientti se schizofrenii byl popsan po aplikaci antagonistt NMDA
do oblasti nucleus geniculatus lateralis nebo oblasti primarni zrakové ktry. To znamen4, Ze
deficit v oblasti magnocelularniho systému odrazi dysfunkci NMDA glutamatergni
neurostransmise a muze souviset s touto neurochemickou teorii schizofrenie. V souladu

S pvodnimi ptedpoklady byla zkoumana moznost vyuziti sledovani zrakové mismatch
negativity jako klinické vysetiovaci metody, ktera prispéje k detekci podskupiny pacientti s
dysfunkci NMDA glutamatergni neurotransmise. Sledovana byla korelace mezi sérovymi
hladinami D-serinu a zrakovou mismatch negativitou. Vzhledem k metodologickym
problémuim, které vyplyvaly z méfeni hladin D-serinu v séru, nikoli v likvoru, nebyly tyto
vysledky publikovany.

Vedle dat tykajicich se analyzy zrakové mismatch negativity byla sledovana data ze
stimulaci parvoceluldrniho a magnoceluldrniho systému. Analyza téchto umozni lepsi
pochopeni vzajemnych souvislosti jednotlivych elektrofyziologickych metod a to zejména roli
magnocelularniho systému v naruseni zpracovani zrakové informace u pacientd se
schizofrennim onemocnénim. Tato analyza nebyla vSak soucasti této prace. Stejné tak by se
v dals$i praci mél zkoumat vztah kognitivnich funkci a vybranych elektrofyziologickych

parametra.



6. Zavér

Vyzkum navazoval na vyvoj metodiky studia zrakovych evokovanych potenciald a
testuje vyuziti téchto metod v klinickém vyzkumu. Metodika stimulace, sniméni a analyza dat
se opira o opakované popsany postup elektrofyziologické laboratoie Ustavu patologické
fyziologie LF v Hradci Kralové (napt. Kremlacek et al., 2006). Hlavnim cilem prace bylo
sledovani zrakové mismatch negativity u pacientii se schizofrennim onemocnénim. Pouzitim
tohoto nastroje se podafilo splnit hlavni cil projektu, bylo zjisténo narusené generovani
mismatch negativity u pacientd se schizofrenii také ve zrakové oblasti. Provedena byla i
opakovana vysSetieni u pacientd se schizofrennim onemocnénim k posouzeni intraindividualni
variability. Dale byl sledovan vztah vztah zrakové mismatch negativity a vybranych
klinickych charakteristik onemocnéni. Byl nalezen statisticky vyznamny rozdil mezi
zdravymi kontrolami a pacienty s dobou trvani onemocnéni vice nez tfi roky a nebyl zjistén
statisticky vyznamny rozdil mezi kontrolami a pacienty s dobou trvani onemocnéni méné nez
tii roky. Byl prokazan vztah mezi oslabenym generovanim zrakové mismatch negativity a
zhorSenym socialnim fungovanim. Pacienti s pfitomnym deficitnim syndromem méli
signifikantni rozdil v generovani zrakové mismatch negativity ve srovnani se zdravymi
kontrolami ve svodech Pz, Cz a Fz . Pacienti s pfitomnym deficitnim se statisticky vyznamné
odlisovali od pacientl bez vyjadieného deficitniho syndromu. Nebyl zjistén vztah mezi
aktualnim psychopatologickym obrazem (méfenym na skale PANSS) a generovanim zrakové
mismatch negativity.

Vysledky prace potvrzuji u pacientii se schizofrenii deficit v generovani MMN
vyvolané deviantnimi pohybovymi stimuly. Mensi amplituda MMN miize odrazet deficit v
pfedpozornostnim zpracovani senzorické informace béhem casné komponenty evokovanych

potencialt.
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MISMATCH NEGATIVITY IN PATIENTS WITH SCHIZOPHRENIA
Ales Urban’, Jan Kremlicek® Jan Libiger!
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Summary: Cognitive deficit is considered to be a part of core dysfuncions in schizophrenia. It is associated with social im-
pairment and influences the long-term course of the disorder. In addition to neuropsychological methods, event-related po-
tentials can be used to study cognitive functions. In patients with schizophrenia an association was found between
amplitude changes in slow negative component of evoked responses and infrequent deviations in a series of uniform sti-
muli. This amplitude change is known as ,mismatch negativity (MMN). It is supposed to be independent of the focused
attention and effort that otherwise interfere with neuropsychological testing. Recently accumulated knowledge on MMN
as a possible preattentive measure of cognition supports its potential significance for neuropsychological assessment. It

may be helpful in more precise diagnosis and functional evaluation of schizophrenia.

Keywords: Schizophrenia; Event related potentials; Mismatch negativity; Cognitive functions; Sensory memory; Working

memory; N-methyl-D-aspartate receptors.

Introduction

Schizophrenia is a serious mental condition affecting
0.5 to 1 % of population. As a group, patients with schizo-
phrenic disorder have increased mortality and morbidity.
They also have decreased social competency. Both characte-
ristics are associated with high socioeconomic costs. Schizo-
phrenia is characterized by a number of symptoms that are
usually divided into two groups: the positive symptoms in-
clude hallucinations, structural and content-related thought
disturbances, behavioral disturbances, and negative symp-
toms include blunt affect/emotionality, impoverished speech,
volitional disturbances, and anhedonia. The disorder is also
associated with deficit in a number of cognitive areas, par-
ticularly attention, memory, and executive functions. Cogni-
tive deficit is an essential part of schizophrenic disorder. It
may be thought of as a defect that is the hidden, i.e. prima-
ry “core” giving rise to the whole of subsequently deve-
loping psychopathology of schizophrenia. Symptoms of
cognitive impairment have been found to be significant pre-
dictors of the severity of the course of the schizophrenic
disorders and also the degree of the patient’s social impair-
ment.

The basis of cognitive dysfunction has not yet been ful-
ly clarified. Structural theories suppose the presence of
a deficit located predominantly in prefrontal and/or tempo-
ral and hippocampal areas. Recently, however, new eviden-
ce has emerged, suggesting that the damage, both structural

ACTA MEDICA (Hradec Kralové) 2007;50(1):23-28

and functional, is more extensive and involves more areas
across the brain. Neurochemical theories associate schizo-
phrenia with disturbances in the systems of dopaminergic
and N-methyl-D-aspartate (NMDA) glutamatergic neuro-
transmission (19).

Cognitive dysfunction in patients with schizophrenia
can be investigated also by electrophysiological studies of
the cognitive evoked potentials. Event related potentials
(ERPs) are recorded analogously to an electroencephalo-
gram (EEG) as a response of the central nervous system
(CNS) to sensory stimuli.

The subject is exposed to a series of stimulation impul-
ses. The final ERP is an average of EEG recorded after se-
parate stimuli. The waveform of the resulting response
depends on stimulation parameters and the cognitive task
performed by the examined subject. It can be described as
an arrangement of several monophasic waves of various po-
larity. Individual waves are characterized by amplitude and
latency of their maxima or minima. Latency describes the
time lag of a wave related to the stimulus administration.
Recording from multiple electrodes make possible to study
the topography of these parameters on the scalp.

One of the most robust electrophysiological findings in
patients with schizophrenia established with ERPs is the
deficit in the generation of the P300 wave. This deficit has
been first described more than 25 years ago (36), and has
subsequently been confirmed by a number of studies. In an
effort to locate areas that participate in the generation of



the P300 wave, intracerebral electrodes were used with
surprising result. The stimulation activated areas of the brain
that are not essential to processing the stimulus. The gene-
ration of the P300 wave can involve up to 9 various cerebral
areas (13). This finding points out the problem associated
with the interpretation of the source of deviations in ERPs
(14).

Over the last ten years, the attention of investigators in
patients with schizophrenia has shifted to cognitive com-
ponents of evoked potentials that precede the P300 wave
and reflect earlier stages of information processing (17).
The objective has been found disturbances in information
processing that are involved in cognitive dysfunctions of pa-
tients with schizophrenia. Detection and interpretation of
the disturbance results in better understanding of the pa-
thophysiology of schizophrenia. It may help to better assess
the dysfunction in individual patients, and eventually bring
new therapeutic approaches. One of the components of
evoked potentials that brought significant insights is “mis-
match negativity” (MMN).

Stimulation diagram for MMN

Standard stimuli

MMN response

amplitude [uV]
o

Deviant stimulus

What is ,,mismatch negativity® (MMN)?

.Mismatch negativity” is defined as the negative ERP
component that reflects processes associated with automa-
tic detection of change. MMN was first described by
Naiitianen and co-workers for acoustic stimuli in 1978 (30).
MMN reflects neuronal disagreement between the repre-
sentations of current (deviant) stimulus and previous (stan-
dard) stimuli (29). MMN follows, with a latency of 200 to
400 ms after stimulus presentation. It comes after the sen-
sory component, and precedes the possible cognitive com-
ponent of evoked potentials (see Fig. 1). MMN represents
a higher-level of information processing compared to the
primary sensory detection at the cortical level (20).

A deviant stimulus for MMN in the auditory modality
can differ from the standard stimulus in terms of duration,
frequency, intensity, spatial location, phoneme variation,
etc. (28).

In order to elicit the MMN, a memory trace with the
characteristics of standard stimulus must be present. It is

Deviant stimulus Deviant stimulus

time [ms]

~ ERP to deviant stimulus

——
" ERP to standard stimulus

'~ Mismatch negativity

-10 . - :
0 100 200 300

time [ms]

Fig. 1: Diagram shows how stimulation produces “mismatch negativity”. Note that it is possible to present deviant stimu-
lus in the form of a missing standard stimulus. The lower section of the figure shows a response obtained through averaging
40 individual responses to standard stimuli (thin line) and similarly produced ERP as a response to the deviant stimulus
(full line). The so-called “mismatch negativity" is represented by a gray area between the lines.
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necessary to present repeated standard stimuli (23). Presen-
tation of a single stimulus is not sufficient to generate MMN.

MMN latency is the function of time necessary to dif-
ferentiate a deviant from the standard stimulus. Increasing
the interstimulus interval can result in extending the MMN
latency. The memory trace of standard stimulus is probab-
ly less accurate with longer intervals, and this makes the de-
tection of a deviant stimulus more difficult (39).

The extension of the interval between stimuli is asso-
ciated with decreasing MMN amplitude, probably because
of a weaker memory trace (8). MMN is not elicited by a sti-
mulus change when the memory trace has already disappe-
ared. MMN amplitude is generally known to increase in
proportion to the difference between standard and deviant
stimuli (35). It also increases with the number of standard
stimulus repetitions (38).

Acoustic MMN is supposed to be generated in the neu-
rons of the temporal cortex which respond specifically to
stimulus change. Neurons of the frontal cortex probably also
participate during the generation (35). Major generators of
MMN were identified in the supratemporal auditory cortex
arca by the distribution of MMN over the scalp, magneto-
encephalography studies, intracranial sensing of electrical
activity and cerebral lesions. The precise location of these
generators probably depends on stimulus characteristics.
The role of the frontal cortex in the generation of MMN is
supported by the finding of missing MMN in patients with
dorsolateral prefrontal cortex area defects (1).

Most studies of MMN done so far have been concerned
with auditory stimuli. There is some evidence of the exis-
tence of MMN in other sensory modalities. In spite of the
inconsistency of these findings, there seems to exist an
analogy to auditory MMN in somatosensory (22), visual
(25,33,43) and olfactory modalities (24). However, the as-
sumption of the existence of a common processing mecha-
nism for various information raises questions as to why it is
so difficult to detect MMN in those other modalities (35)?
One possible answer can be in the different role for atten-
tion in various sensory inputs. Another possible explana-
tion is different complexity of sensory analysis (particularly
in the visual modality) required for the MMN eliciting. The
objective, non-invasive nature of the recording techniques
used for MMN and its low cost seem to hold promise for its
potential use in clinical research (28, 27).

MMN and Psychophysiology

The psychophysiological processes underlying to MMN
have not been clarified as of yet. Néitinen and Winkler
propose the existence of two distinct phases of auditory in-
formation processing. The first phase is concerned with the
analysis of particular sound properties. They are combined
into auditory perceptions or representations in the second
phase. Both authors assume the auditory N1 to reflect the
first phase, while the MMN corresponds to the second phase
(29).

The original work on MMN assumed that MMN occurs
automatically, regardless of whether the subject pays atten-
tion to presented deviant stimuli or not (30). It was possible
to elicit MMN even when auditory stimuli were masked
with visual stimuli (1). MMN recorded in comatose pa-
tients also supports its independence of attention (9). How-
ever, other studies suggest the possibility that attention can
influence MMN. Differences in terms of amplitude among
individual groups of patients can also be interpreted as
different strategies in attending to sensory stimulation.
Patients with schizophrenia also have difficulties with sus-
tained attention.

Relationship of MMN to working memory

The neuropsychological concept of working memory
describes the ability of the brain to code, retain and mani-
pulate information over brief periods of time (3). It consists
of two main components: central executive component of
prefrontal cortex and modality-specific transitory auxiliary
systems (41), that serve a transitory information storage.
These systems include phonological system (phonological
loop) in auditory modality and visuo-spatial system (visual-
spatial sketchbook) in visual modality (3). The transient
auxiliary system directly performs operations, while the
central executive functions are responsible for selection,
steering and control the auxiliary systems (12).

A number of researchers regard MMN as the indicator
of a well functioning auditory sensory memory (40). Audi-
tory sensory memory, the most elementary component of
working memory, works independently of attention. MMN
is known to occur when a deviant stimulus differs from the
standard stimulus. Because presentation of a single stimu-
lus is not sufficient to produce MMN, it seems obvious that
processing after the deviant stimulus occurs concurrently
with the comparison of a current stimulus with the memo-
ry trace of a standard stimulus. This leads to the conclusion
that MMN can be used as an objective indicator of sensory
memory. This was indirectly confirmed in a study with
healthy volunteers in which auditory memory trace and
MMN lasted similar periods of time and had similar sensi-
tivity to masking with different stimuli (48).

Because a working memory deficit is present in patients
with schizophrenia, MMN can be used for its measure-
ment.

Does MMN reflect a dysfunction
of the glutamatergic receptor system?

Activation of NMDA receptors plays a key role in learn-
ing and initiating long-term memory formation. NMDA re-
ceptors are also important in working memory (19). The
density of NMDA in the neocortex and hippocampus is si-
milar. Javitt employed intracortical sensing of electrical ac-
tivity in the anterior insula concurrently with focal infusion
of NMDA- and non-NMDA-antagonists into the micro-re-
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gion of a sensing electrode. His study has shown that local-
ly administered NMDA antagonists prevent the occurence
of MMN, while it has no effect on any other components of
auditory evoked potential (19,46).

MMN in Schizophrenia

Insufficient formation of MMN in patients with schi-
zophrenia was first described in the early nineties (41).
More than sixty studies have been published on the rela-
tionship between MMN and schizophrenia since then. For
a meta-analysis see Umbricht nad Krljes (44). Most of these
studies found that both untreated and treated patients with
schizophrenic disorder had lower MMN amplitudes than
healthy controls. Only a small number of these studies
found no MMN generation deficit (31). These findings are
based on the assumption of a neurophysiological distur-
bance at the level of the auditory sensory cortex in schi-
zophrenia, corresponding damaged auditory memory and
anatomical abnormalities in the superior temporal gyrus
(15,18). Disturbed auditory sensory memory of patients with
schizophrenia is revealed in a decreased accuracy of retrieval
of the corresponding memory trace. Similar findings have
been described for the visual sensory memory system (10).

One influential hypothesis of the pathogenesis of schi-
zophrenia regards the disturbance of NMDA receptors in
the glutamatergic system as the key neurochemical dys-
function. This hypothesis is supported by observations of
the effects produced by phencyclidine, ketamine and other
NMDA glutamatergic receptor antagonists in healthy vo-
lunteers. These substances induce symptoms that resemble
symptoms of patients with schizophrenia (19). Admini-
stration of these substances can also reduce MMN, or even
lead to its extinction. The change in MMN generation in
patients with schizophrenia can be linked to disturbances
in glutamatergic neurotransmission in NMDA receptors in
the area of the auditory sensory cortex (16). To confirm the
role of the NMDA receptors in working memory Umbricht
conducted a study with healthy volunteers who received ke-
tamine. The deficit in the working memory of patients with
schizophrenia was similar to the deficit in healthy controls
after ketamine administration (46). The process of acquiring
and coding information was more affected than that of re-
taining information.

Another supportive finding is the impairment of MMN
generation induced with acetylcholinesterase inhibitor tetra-
hydrominoacridine in patients with Alzheimer’s disease (2).
Lower MMN following the use of cholinomimetic was ex-
plained by an increased cholinergic modulation of NMDA
receptors in the auditory cortex.

The relationship between deteriorated cognitive function
and MMN was studied by Baldeweg. He found a negative
correlation between MMN and the degree of neuropsycho-
logical impairment (4). However, there are other findings
that do not support the association of MMN, working
memory, and NMDA receptor dysfunction. A double
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blind placebo-controlled study with healthy volunteers
failed to confirm expected changes in MMN after the ad-
ministration of ketamine (32).

Baldeweg reports a greater MMN deficit in the area of
the front central electrode. This is consistent with the pre-
ferential damage to frontal MMN generators. According to
the author, this finding is specific for schizophrenia (4, 5).
Other similar findings suggest that patients with schizo-
phrenia differ in their MMN topography from those with
other neuropsychiatric disorders.

The generation of MMN is indirectly proportional to
the prevalence of negative symptoms of schizophrenia.
However, it is independent of a patient’s current schizo-
phrenia psychopathology (16).

Umbricht’s study found no difference in MMN among
patients with one episode compared to those with repeated
episodes (45). A study in first episode patients did not find
MMN deficit (37). On the other hand, another study de-
tected an increase in the MMN deficit with disease pro-
gression (42). Inconsistent findings come also from healthy
first-degree relatives. A study done by Jessen found lower
amplitude in relatives of patients with schizophrenia (21).
This was not confirmed in another recent study (6).
Brockhaus-Dumke found suprisingly higher MMN ampli-
tude in a subgroup of untreated first episode patients (7).
These findings support the assumption that MMN ampli-
tude changes during the course of schizophrenia.

This latter study also examined a group of patients with
prodromal symptoms. The results were variable and hete-
rogeneous (7).

Other authors regard the MMN generation deficit as
a vulnerability marker of schizophrenic disorder (“trait
marker*). Difference in MMN between schizophrenia and
other neuropsychiatric disorders supports this interpreta-
tion. Umbricht assumes that MMN can be an endophe-
notype (an important hidden hereditary characteristic) of
a subgroup of patients with schizophrenia with abnormal
glutamatergic neurotransmission due to NMDA receptor
dysfunction (45). Contrary to that, Bramon regards the
MMN deficit as a nonspecific vulnerability marker that
cannot serve as an endophenotype of schizophrenia (6).

Treatment with antipsychotics affects P300. MMN has
not changed after treatment with clozapine (47). MMN de-
ficit is also not influenced by treatment with conventional
or atypical antipsychotics (34). No difference was found in
the amplitude of those treated in comparison to untreated
patients with schizophrenia. The dose of antipsychotic or
anticholinergic medication has not been found to correlate
with the amplitude (20). Also, no change was found when
patients were switched from classical to new antipsychotics
(47).

A recent study carried out according to stringent me-
thodology found an association of the deficit in MMN ge-
neration with worse social functioning. This deficit can be
probably used as a predictor of functional deterioration in
patients with schizophrenia (26).



Conclusion

MMN is a significant electrophysiological measure of
cognitive deficit. It reflects deficits in information pro-
cessing at primary and secondary sensory cortex levels
(45). Investigation of MMN is non-invasive, inexpensive,
and can be done quickly. Its reproducibility is comparable
with that of other, broadly used neuropsychological tests
(26, 27). Compared to other investigations, it probably de-
pends less on variable attention level, motivation and effort
of the patient (20). The issue of attention, however, deser-
ves clarification.

MNN is commonly regarded to be an index of the sen-
sory memory. An alternative view takes into account the
role of the frontal gencrator and suggests that it can also be
related to the executive component of working memory.
Further inquiry into MMN can contribute to the identifi-
cation of a subgroup of patients who exhibit dysfunction of
NMDA glutamatergic neurotransmission and also have
worse cognitive and social functioning.

Whether MMN generation reflects the information pro-
cessing and implicit memory or is rather a disturbance of
working memory or executive functions is unresolved. Pa-
tients with schizophrenia have also been described as having
deficit in the generation of the early negative peak of
evoked potential preceding MMN - so-called N1 (11). This
finding supports the hypothesis that schizophrenia is cha-
racterized by a disturbance in information processing at
very early stages. Evidence of disturbed information pro-
cessing can be found at all levels - the primary cortex, sen-
sory memory, and executive component of the working
memory. It is quite possible that a deficit in MMN genera-
tion reflects a disturbance of the functional interconnec-
tions between various brain areas.

The study of the deficit in the genesis of MMN in pa-
tients with schizophrenia is a new approach to pathophy-
siological mechanisms in this disorder. The question of
whether this deficit is common to various sensory modali-
ties or specific for a particular sensory system is open to
inquiry. It may have considerable importance for under-
standing the nature of schizophrenia.

The work on this article was supported by the Czech
Ministry of Education Research Objective Grant MSM
0021620816.
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Abstract

Event related potentials (ERPs) provide an insight into sensory and cognitive processes in health and discase. Studies of an ERP
negative amplitude deflection elicited by a change in a series of auditory stimuli is known as mismatch negativity (MMN). The
generation of MMN is impaired in schizophrenia. Its deficit is associated with lower everyday functioning and may be also
interpreted as the marker of progression in schizophrenia.

MMN clicited by visual stimuli (vMMN) was described by several research teams, but it has not been investigated in schizophrenia
as yet. Using a motion-direction paradigm, we elicited visual MMN in 24 patients with schizophrenia and schizoaffective disorder.
The vMMN was computed as differences in areas under curve of visual ERPs to standard and deviant motion-direction stimuli
recorded from midline derivations at the interval of 100-200 ms. They were compared between groups of patients with schizophrenia
and healthy controls. The significantly smaller vYMMN indicated an impaired generation of mismatch negativity in patients with
schizophrenia. In secondary analyses there was an association of VMMN impairment among patients with higher dose of medication,
lower level of functioning and the presence of deficit syndrome. This impairment appears analogous to the impairment of MMN in the
auditory domain and is probably related to early visual information processing. Its relationship to cognitive functioning of patients
with schizophrenia deserves further attention.
© 2008 Elsevier B.V. All rights reserved.

Keywords: Schizophrenia; Event related potentials; Mismatch negativity; Visual mismatch negativity; Information processing

1. Introduction

Schizophrenia is associated with a disorder of infor-
mation processing (Callaway and Naghdi, 1982) man-
ifested by cognitive dysfunction (Sharma and Antonova,
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2003). Cognitive dysfunction has been studied by neuro-
psychological (Albus et al., 2006; Bilder et al., 2000;
Caspi et al., 2003), psychophysiological and also by
clectrophysiological means (Braff and Light, 2004).
Event related potentials (ERPs) are brain’s electrophy-
siological responses to sensory stimuli and they may
serve for the investigation of attentional and preatten-
tional sensory and cognitive processes.

Over the preceding decade, one important focus of
electrophysiological research in schizophrenia became
“mismatch negativity” (MMN). Mismatch negativity is
a negative deflection in event related potentials (ERP) to
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infrequent non-standard (deviant) stimuli that differ
from preceding standard stimulation. This early ERP
component was first described in the auditory modality
(Nétéinen et al., 1978). It is thought to reflect automatic
detection of change in the early stage of auditory pro-
cessing (Naitinen and Winkler, 1999). Investigation of
MMN is non-invasive, inexpensive, and can be done
quickly (Naitinen, 2003). Its reproducibility is compar-
able with that of neuropsychological testing (Light and
Braff, 2005).

Insufficient formation of MMN in patients with
schizophrenia has been first described in carly nineties
(Shelley etal., 1991). More than sixty studies have been
published on the relationship between MMN and schi-
zophrenia since then. Most studies found that patients
with schizophrenia, irrespective of medication status,
had lower MMN amplitudes than healthy controls
(Umbricht and Krljes, 2005). MMN has been linked to
echoic memory (working memory for sounds) and
NMDA neurotransmission (Javitt et al., 1996; Umbricht
et al., 2000). The auditory MMN reduction in patients
with schizophrenia is associated with global functional
impairment (Light and Braff, 2005). Reduction of
MMN in chronic schizophrenic patients is associated
with the reduction of gray matter volume in Heschl’s
gyrus of the temporal lobe (Salisbury et al., 2007).
Because the first episode patients with schizophrenia
appear to have no detectable impairment of MMN
(Salisbury et al., 2002), the deficient auditory MMN has
been also interpreted as a marker of a progression in
schizophrenia.

Most studies of MMN done so far were related to
auditory stimuli. There were reports of an analogy to
auditory MMN in somatosensory (Kekoni et al., 1997),
visual (Tales etal., 1999; Kremlagek etal., 2001; Czigler
et al., 2007), and olfactory modalities (Krauel et al.,
1999).

Although the presence and significance of MMN in the
visual modality (YMMN) has been a matter of some

Table 1
Demographic and clinical data of patients (N=24)
Mean  SD Median  Range
Age 279 925 26 19-61
(years)
Duration of schizophrenia 7.1 10.04 1.0 1-44
(years)
Number of hospitalisations 34 1.75 4.0 1-6

Antipsychotic dose (N=23) 366 257 400
(mg/day in chlorpromazine
equivalents)

1001100

Table 2
Distribution of antipsychotic treatment

Antipsychotic ~ No. of patients

Second generation antipsychotics ~ Olanzapine 10
(SGA) Clozapine 5
Risperidone 2
Others* 4
First generation antipsychotics Haloperidol 2
(FGAs) Others** 3
SGA and FGA combinations*** 4
*Ziprasidone, quetiapine, aripiprazole and amisulpirid
**Elupentixol. ik : " sy

***All combinations were SGA and FGA combinations.

controversy, there are a number of studies that support the
possibility of memory-based automatic detection of de-
viance in the visual system (Pazo-Alvarez et al., 2003).

Recently, a study was published on the VMMN
impairment in Alzheimer’s Disease (Tales and Butler,
2006). To our knowledge, there is no report on the
VMMN among patients with schizophrenia as yet. The
objective of our study is to test the presence of the
impaired generation of mismatch negativity after visual
motion stimuli among patients with schizophrenia
and schizophrenia related psychosis. We report on
VMMN data in a group of patients treated for schizo-
phrenia in a cross sectional study with matched control
subjects.

2. Methods
2.1. Participants

We report data on 24 patients with the diagnosis of
schizophrenia and schizoaffective disorder who con-
sented to participate. Screening and recruitment took
place at the units of a University affiliated Psychiatric
Clinic. The clinical and diagnostic assessment was
performed by experienced psychiatrists in accordance
with Diagnostic Criteria for Research, Classification of
Mental and Behavioral Disorders (ICD-10, 1993).

ERP recordings were performed at the Electrophy-
siological Laboratory of the Department of Pathophy-
siology of the Charles University Faculty of Medicine.

The patients with the presence or history of vision
disorders, neurological disorders and comorbid psy-
chiatric disorders were excluded. The age and sex
matched controls for each patient were recruited from
students and staff of the University School of Medicine.
There were 19 males and 5 females among the patients.
Demographic and clinical data of the patients are in
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Table 1. The patients were diagnosed as schizophrenia
paranoid type in 13 subjects, other types of schizo-
phrenia in 6 patients, schizoaffective psychosis in 4
participants. The single patient with schizophreni-
form disorder was later rediagnosed as schizophrenia.
All patients except for one were on antipsychotic
medication at the time of the electrophysiological
measurements. The antipsychotics used for their treat-
ment are in Table 2. The mean dose in chlorpromazine
equivalents was 350 mg/day (range 0-1100, SD=
262 mg/day).

All subjects with schizophrenia were assessed
by Global Assessment of Functioning (GAF) (DSM-
1V, 2000) and Schedule for the Deficit Syndrome (SDS)
(Kirkpatrick et al., 1989) by a trained psychiatrist.

Stimulus apperance

fs = 0.1 c/deg

All procedures had been explained to patients as well as
to control subjects and they all signed Informed Consent.
The study was approved by the Ethics Committee of the
Charles University Faculty of Medicine in Hradec Krdlove.

2.2. Procedures

2.2.1. Stimuli

The test paradigm was specifically designed to elicit
the visual MMN and was based on a similar study by
Tales et al. (1999). It involved presenting a standard
stimulus 88% of the time and a random deviant stimulus
6% of the time. In order to prevent the subjects from
paying attention to deviant stimuli, they were asked to
respond to a random target stimulus that was presented

30°

fs = 1 c/deg
v =5deg/s
c=10%

g5

Standard Target condition

Deviant condition

Upward peripheral Downward peripheral Central motion
p = 88% (600sweeps) 6% (40) 6% (40)
200 ms of motion duration 200 ms 200 ms
600 ms of stationary structure 600 ms 600 ms

Stimulus timing

Standard stimulus Deviant stimulus Deviant stimulus

200 ms
~
o nnnnnonan

Target stimulus

Pperipheral stimulus

velocity (deg/s] nnnnnnl nnnn

Central stimulus 5 1 n
velocity [deg/s]

800 ms
" Py
Trigger

time [ms]

Fig. |. The figure presents the design and properties of stimuli. The screen with stimuli is in the upper part of the figure. The white arrows in the
middle part of the figure 1 in particular stimuli and their order. E.g. the standard condition consisted of the

the direction of the
motion of a peripheral stimulus (horizontal grating outside the central 15° of the visual field) moving upwards with a velocity of 50°/s for 200 ms. The
pattern remained stationary for a period of 600 ms between stimuli. The other stimuli are displayed in the similar fashion. The stimulus timing
diagrams are in the lower part of the figure and show the sequence of events during the recording procedure. The used abbreviations: velocity — v;
spatial freq y contrast (Michelson) — ¢; probability of stimulus occurrence — p.

y — sf, |
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in the central visual field 6% of the time. The subjects
had to press a handheld button whenever the target
stimulus appeared.

The stimuli consisted of two low contrast (10%) hori-
zontal sinusoidal gratings: one with a spatial frequency
(0.1 ¢/°) outside the central 15° of the field, and a second
one with a spatial frequency (1 ¢/°) inside the central 5°.
The standard and deviant stimuli were presented as fast
motion (50°/s) in the peripheral visual field. The standard
stimulus consisted 0f 200 ms of upward motion, the deviant
stimulus was the downward motion of the same duration.
The inter- stimulus interval was 600 ms of stationary
pattern (the stimulus onset asynchrony was 800 ms). Fig. |
presents the spatial and temporal parameters of the stimuli.
The stimuli were exposed on a 21 in. computer monitor
Ilyama with a frame rate of 70 frames per second. The
monitor was driven by the program developed in the
laboratory (Kremlacek etal., 1999). The screen subtended a

visual field of 42°x30° at a 0.5 m viewing distance. The
mean stimulus luminance was 17 cd/m’.

2.2.2. ERP measurements

The ERP acquisition was performed in a darkened,
sound attenuated, electromagnetically shielded room with
a background luminance of 1 cd/m”. The subjects sat in a
comfortable reclining chair with a head support. They
were instructed to fix the centre of the stimulus field.
Correct fixation was checked via a CCD camera.
Responses were recorded from six unipolar electrode
derivations used in the laboratory (Kremlacek et al.,
2006). The active electrodes were positioned at FZ, CZ,
PZ, OZ and at two lateral temporo-occipital locations
placed 5 cm to the right and to the left of OZ (OR and OL,
respectively). The right earlobe (A2) served as the
reference. The signal amplifier (Contact Precision Instru-
ments—PSYLAB, System 5) had a bandwidth of 0.3—
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Fig. 2. The grand averages of ERPs to the target stimuli (dashed line), deviant stimuli (solid thick curve) and standard stimuli (solid thin curve). The
grand 2 P mean resp from 24 control subjects. The derivation of ded resy es 1s indicated in the right corner of each
appropriate plot. The significant differe b ERPs to {ard and deviant stimuli are displayed as the black area at the bottom part of each
plot. The vYMMN was statistically significant in all derivations.
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100 Hz. The responses were sampled at a rate of 500 Hz
and selectively averaged off-line. Each subject underwent
four recording sessions each consisting of 170 stimulus
presentations; 150 standard, 10 deviant and 10 target. Ten
responses from each of the three stimuli were recorded.
The pseudorandom selection of ten standard responses
was determined in advance and was maintained for all
sessions. For each stimulus condition 40 single ERP
sweeps were averaged. The DC level was specified as the
mean value of the first 15 samples (30 ms) of each sweep
and the DC component was removed before averaging.
The averaged signal was digitally filtered by a low pass
filter with a cut-off frequency 30 Hz.

2.3. Analyses
Statistical analysis of the recordings was based on the

difference between the ERPs elicited by standard and
deviant stimuli. This difference represents visual MMN

that has been described at different intervals in various
studies (for review see Pazo-Alvarez et al., 2003). It
appears to vary with the methodology: We inspected
visually grand averages of VMMN in controls and
subjects with schizophrenia and found the interval of
maximal inter-group difference at 100-200 ms, which is
analogous to the auditory MMN interval. Area under
curve (AUC), computed as integral of the vVMMN,
approached to zero for similar ERP responses to standard
and deviant stimuli and had negative values for more
negative ERP to deviant stimuli. The AUC differences
between the group of patients and healthy controls were
assessed by 7-test for paired measures. For the exploratory
secondary analyses Pearson’s correlations were used.
Also, subgroups of patients were generated by median
split of variables “duration of schizophrenia”, “GAF
score” and “mean dose of antipsychotics” and by division
according to absence (SDS score=0) or presence (SDS
score>0) of the deficit syndrome. T*tests of differences
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Fig. 3. The grand averages of ERPs to the target stimuli (dotted curve), deviant stimuli (solid thick curve) and standard stimuli (solid thin curve). The

grand £ P mean

P from 24 patients. For description of the figure layout see the legend of Fig. 2. As opposed to the control

group, in group of patients the YMMN appears only in the frontal derivation.
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thin curve). The gray filling marks the difference between responses of controls and patients. The difference was computed by subtracting the area
under curve (AUC) after standard stimuli from the AUC after deviant stimuli.

between vMMN values of patients and matched controls
in those subgroups were performed.

3. Results

3.1. Differences in responses to deviant motion-
direction stimuli in patients and controls

In all subjects with schizophrenia and controls the
artefact-free. ERPs to motion-direction stimuli were
recorded.

The grand averages of event related potentials for
different stimuli at all the recording sites in the group of
controls are provided in Fig. 2. The corresponding
recordings the group of patients are in Fig. 3. The
comparison of ERP grand averages to the deviant
stimuli between the groups of patients and controls is in
Fig. 4.

AUC differences between average responses to
deviant and standard stimuli at the 100200 ms interval

are summed up in Table 3 for both groups. They stand
for the measure of visual MMN, in analogy to a similar
phenomenon in auditory modality.

The positive or higher values of differences in the
group of patients correspond with the expectation of
smaller negative deflection to deviant stimuli (VMMN

Table 3
The visual mismatch negativity in patients and controls

Interval Derivation  AUC (nV*/ms)=[AUC deviant stimuli]
[AUC standard stimuli]
Patients Controls P
(N=24) (N=24)
Mean  SD Mean  SD
100-200 ms O, 0.72 51.65 -33.85 59.86 0.048
Or 0.64 4829 -33.07 61.64 0.049
P, =327 5620 -4497 57.52 0.025
C, 1686 7026 -23.56 67.02 0.061
F, 30.69 65.14 -2421 6228 0.011
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deficit) in comparison to control volunteers. The group
differences between visual MMN of patients and
controls were significant in all the occipital, parietal
and frontal midline derivations. The difference failed
significance at CZ derivation.

3.2. The associations of vMMN impairment in
schizophrenia with other variables

The correlational matrix did not reveal any signifi-
cant correlations of vMMN with age and the total GAF
score.

There were significant Pearson’s correlations in CZ
and FZ derivations with the daily dose (in mg of
chlorpromazine equivalents) of antipsychotics (r=0.54;
p=0.006 in both leads).

There was also a significant correlation with severity
coding of deficit syndrome in SDS and vVMMN value in
FZ (r=0.55; p=0.004).

3.3. The vMMN impairment in subgroups of patients
generated by the median split of clinically relevant
variables

3.3.1. Duration of schizophrenia

The significant difference in vYMMN between con-
trols and patients with the duration of schizophrenia
3 years and longer was present in midline FZ (1=2.64,
p=0.001) derivation. There were no significant differ-
ences in VMMN between controls and patients with the
duration of schizophrenia shorter than 3 years.

3.3.2. Total score of global assessment of functioning

There were no significant differences in vVMMN
amplitude between controls and patients among
patients with the GAF score higher than the median,
i.e. 74. The differences were retained only in patients
with lower level of functioning as indicated by GAF
score in the lower half of the range. The differences in
patients with low GAF score patients were significant
in Ol (1=2.32, p=0.040), PZ (t=3.19, p=0.008), CZ
(1=2.33, p=0.039) and FZ (+=3.05, p=0.010)
derivations.

3.3.3. Daily dose of antipsychotics

The significant differences in vVMMN between
controls and patients were present in midline PZ
(1=2.54, p=0.03), CZ (t=2.18, p=0.04) and FZ
(£=2.08, p=0.04) derivations in the subgroup of patients
with the daily dose of antipsychotic above the median of
375 mg of chlorpromazine equivalent. The subgroup
with the daily antipsychotic dose bellow the median

retained the significant difference in vMMN only in Fz
derivation (1=2.27, p=0.044).

3.3.4. Presence of the deficit syndrome

In this post hoc analysis, the patients were grouped
according to the presence or absence of deficit syndrome
in schizophrenia as indicated by the SDS scale. The
group of patients (N=11) with the present deficit
syndrome had significantly different vYMMN response
in comparison to controls in PZ (1=3.03, p=0.012),
CZ (1=2.24, p=0.048) and FZ (1=4.17, p=0.001)
derivations. There were no significant differences in
vMMN response among patients with the absent deficit
syndrome (N=13).

4. Discussion

We detected significant deficit in the generation of
negative amplitude deflection in visual ERPs induced by
deviant stimulus among patients with schizophrenia in
comparison to healthy controls. It was consistently
detected in the latency range of approximately 100-
200 ms since the deviant stimulus. The peak amplitude
change was in the midline frontal derivation. To our
knowledge, this is the first report of an impairment of
the vYMMN in patients with schizophrenia.

The existence of an analogous ERP phenomenon in
the visual domain was disputed. However, a compre-
hensive review of studies concludes that there are viable
candidates for the role of visual counterpart to MMN
(Pazo-Alvarez et al., 2003), if the paradigm allows for
the control of visual attention. Our data appear to con-
firm an analogy in the impairment of automatic sensory
information processing among patients with schizo-
phrenia in the auditory and visual domain.

The characteristics of our experimental population
approximately correspond with the average character-
istics of other MMN studies in the auditory domain. Our
results are in agreement with the descriptions of MMN
presence in the later stage of schizophrenia. MMN may
be considered as a state marker that corresponds to a
neurodegenerative period in the course of the disorder.
Our post hoc pairwise comparisons of means in median
split subgroups suggest that the significant differences
between patients and controls are in patients with
primary deficit syndrome and lower GAF scores who
are also treated with higher dose of antipsychotic drugs
and tend to have a longer duration of the illness.

There are some limitations to our results. In order to
argue for a preattentive and automatic sensory informa-
tion process in VMMN, it is crucial to control for
conscious attention in the test paradigm. We believe that
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this has been adequately resolved by employing the
target stimulus requiring response and attention in the
course of the standard-deviant stimuli paradigm (Krem-
lacek et al., 2001). However, the necessity to fixate
attention during recording session on the attention bind-
ing target task limits the admission of patients to sub-
Jects capable of collaboration.

Another limitation is the fact that all except one
patient were receiving psychotropic medication during
the test. Most patients were on second generation anti-
psychotics, including clozapine. Although it has been
known that D2 or 5 HT2 antagonists do not influence
the size of MMN in the auditory domain (Umbricht
et al., 1998; Chen et al., 1999) and medication did not
influence the group results in a MMN study (Catts et al.,
1995), it remains to be established whether this is true
also in visual MMN. The median split of chlorproma-
zine equivalents in our study resulted in groups with
different degree of yYMMN impairment. Because this is
true also about the duration of hospitalization and de-
ficit/non-deficit division of the experimental group, we
believe that the difference is due more to the clinical
state of patients rather than their dose of antipsychotics.

MMN is the part of an ERP that is manifested in the
border area between the early sensory component of
ERPs and the cognitive component, that is context sen-
sitive and reflects attentional and memory processes.
Auditory MMN belongs to cognition related phenom-
ena, however the significance of analogous visual phe-
nomena is uncertain. The analogy with the auditory ERP
requires an attempt at explanation.

MMN in the auditory domain has been hypothesised to
be related to working memory and NMDA neurotrans-
mission. The preattentive automatic detection of change
requires the comparison of neuronal memory representa-
tions with the incoming stimuli. It may be thought of as a
working memory component that serves the purpose of
automatic cognitive pre-filtering of sensory information
before it hits the conscious attention. This is compatible
with the concept of auditory MMN as an index of NMDA
related echoic memory encoding mechanism related to
NMDA receptor functioning (Javitt et al., 1995, 1996).
The association of MMN with working memory is
consistent with a study in which auditory memory trace in
healthy volunteers and MMN lasted similar periods of
time and had similar sensitivity to masking with different
stimuli (Winkler and Niitinen, 1992).

Patients with schizophrenia have also a deficit in the
generation of the early negative peak of evoked poten-
tial preceding MMN — the N1 waveform (Ford et al.,
2001). This finding supports the hypothesis that schi-
zophrenia is characterized by a disturbance of sensory

information processing at very carly stages. The deficits
in visual processing of schizophrenia patients may result
from dysfunction of the magnocellular visual pathway
(Butler et al., 2005). It provides for a quick, orientation
in visual cues and provides elementary filtering of
stimuli for later cognitive processing at the level of brain
sensory pathways. The magnocellular system operates
normally in a non-linear amplification mode mediated
by NMDA glutamatergic receptors (Butler et al., 2005).
The pattern of event related potential reduction observed
in schizophrenia is consistent with patterns of visual
dysfunction typically observed following infusion of N-
methyl-p-aspartate antagonists into lateral geniculate
nucleus or primary visual cortex. Thus deficits in
magnocellular processing might be indicative of N-
methyl-p-aspartate receptor dysfunction, consistent with
recent neurochemical theories of schizophrenia.

The results of our YMMN study suggest that there is a
deficit in generation of mismatch negativity induced by
deviant visual motion stimulj among patients with
schizophrenia. The smaller MMN may reflect a deficit in
preattentive processing of sensory information during the
carly component of visual event related potentials, The
origin and stability of the visual MMN ' deficit and
its relationship to cognitive functions require further study.
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