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SOUHRN

U pacientti s panickou poruchou byla nalezena vyssi relativni pravostranna frontilni EEG aktivita v porovnani se zdravymi kontrolami,
stejné jako abnormality v zastoupeni frekven¢nich pasem v EEG spektru. Dosud v8ak chybi prace zaméfena na lokalizaci zdroju EEG,
atedyiinformace o tom, kde je abnormdlni EEG aktivita generovana. Do studie bylo zafazeno 14 pacientti s panickou poruchou (F40.01
a F41.0 podle MKN-10) a 14 zdravych kontrol. Skupiny se nelisily vzhledem k véku, pohlavi a lateralité. EEG bylo snimano standardni
metodikou v klidovém stavu a pfi zavienych oéich z 19 lokalit na skalpu. Pomoci modelu sSLORETA (standardizovana elektromagnetickd
tomografie s nizkym rozliSenim) byla u kazdého jednotlivce spocitina absolutni a relativni proudova hustota v 2394 voxelech mozkové
kuary a 8 frekvenc¢nich pasmech. Skupiny byly porovnany pomoci randomiza¢né-permutacni statistiky a vysledky byly korigovany na
mnohoéetnd srovnavani. Za signifikantni byly povazovany clustery obsahujici minimalné 50 signifikantnich voxelti. Pacienti s panickou
poruchou vykazovali vy$si aktivitu v pdsmu absolutni betal (12,5-16 Hz) a beta2 (16,5-21,5 Hz) v lateralni prefrontilni kiife a s vyraznou
prevahou vpravo. Beta2 byla u pacientt navic snizena v levé dolni parietdlni kafe. Nélezy ukazuji na hyperaktivitu pravé frontdlni kary
u pacientt s panickou poruchou.
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SUMMARY

Studies in panic patients reported higher relative right frontal EEG activity compared with healthy controls as well EEG spectral
abnormalities. However, EEG source localization studies that would indicate where is the abnormal EEG activity generated are missing
in panic disorder. 14 patients with panic disorder (F40.01 and F41.0 according to ICD-10) and 14 healthy controls were included in the
study. The groups were equivalent for age, sex and handedness. EEG was recorderd during eyes-closed resting state from 19 standard scalp
locations. Absolute and relative current density in each subject were computed in 2394 cortical voxels and 8 frequency bands according
to SLORETA model (standardized low-resolution electromagnetic tomography). The groups were compared by means of randomizati-
on-permutation statistic and the results were corrected for multiple comparison. Only clusters containing at least 50 significant voxels
were considered significant. Panic patients showed higher absolute power in betal (12.5-16 Hz) and beta2 (16.5-21.5 Hz) frequency
bands in lateral prefrontal cortex, significantly more pronounced in the right hemisphere. Moreover, beta2 was lower in patients in the
left inferior parietal region. These findings indicate right frontal hyperactivation in patients with panic disorder.
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Uvod

V poslednich 25 letech doslo k prudkému nértistu vyzkumu
zaméfeného na asymetrii mozkovych hemisfér a jeji mozny vztah
k pozitivnim a negativnim emocim, osobnosti a psychopatologii.
Zna¢né mnozstvi elektroencefalografickych (EEG) studif zjistilo
zejména souvislost mezi hemisferalni asymetrii ve frontdlnich
kortikalnich oblastech a depresivnimi pfiznaky. Tyto vysledky byly
interpretovany v kontextu teorie o specializaci kortikalnich systémii

hemisfér zodpovédnych za motivaéni a emoc¢ni procesy. V tomto
modelu (Davidson et al., 1992) zprostfedkuji levé frontilni regiony
motivaci k pfiblizeni se a/nebo pozitivni emoce, zatimco pravé fron-
talni regiony zprostiedkuji motivaci ke stazeni se a/nebo negativni
emoce. Byl navrzen systém vulnerability viici stresu (Coan a Allen,
2004), ve kterém atypicky vzorec frontalni kortikalni asymetrie v kli-
dovém stavu znaci stabilni, charakterovému rysu podobny rizikovy
faktor pro nésledny rozvoj deprese nebo jinych s emocemi spojenych
poruch. Dalsi vyzkum ukdazal, Ze klidova frontdlni EEG asymetrie
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neni vyhradné spojena s depresi, ale také s jinymi emocnimi stavy,
jako je tizkost. Existuji ditkazy o tom, Ze rtizné podtypy tizkosti (napf-
panika vs. obava) maji odli$ny odraz v klidové frontélni asymetrii
(Heller et al., 1997). Funkce pravého frontalniho kortexu v motivaci
ke stazeni se a/nebo negativni emoci naznacuje, ze by tizkostni je-
dinci méli vykazovat vys$si relativni pravostrannou frontalni aktivitu
v porovnani s netizkostnymi protéjsky. Byla publikovina data, kterda
podporuji tento nazor. U lidi se socidlni fobii (Davidson, 2000) a pa-
nickou poruchou (Wiedemann et al., 1999) byla nalezena vyssi relativni
pravostranna frontalni aktivita v porovnani se zdravymi kontrolami.
Navic klidova frontdlni EEG asymetrie signifikantné koreluje s méfe-
nim stavu nebo rysu tizkosti (Tomarken et al., 1994; Wiedemann etal.,
1999). Jedna studie také prokédzala vztah mezi depresi s komorbidni
tzkosti na jedné strané a klidovou frontalni asymetrii na strané druhé.
V této studii komorbidni tizkostni Gc¢astnici, ne viak ¢isté depresivni
Gcastnici, vykazovali relativni pravostrannou asymetrii v porovnani
se zdravymi kontrolami (Bruder et al., 1997).

EEG studie u pacientil s panickou poruchou zjistily kromé
frontdlni asymetrie (Wiedemann et al., 1999) nizsi interhemisfe-
ralni konektivitu mezi frontalnimi regiony a niz$i intrahemisfe-
rélni konektivitu v temporélnich oblastech (Hanaoka et al., 2005)
a rtizné zmény v zastoupeni frekvenénich pasem ve spektru (Knott
et al., 1996; Gordeev, 2008). Dosud vsak chybi prace zaméfend na
lokalizaci zdroji EEG, a tedy i informace o tom, kde je abnormaélni
EEG aktivita generovana. V nésledujici studii jsme pouzili metodu
sLORETA (standardizovand elektromagnetickd tomografie s niz-
kym rozliSenim), kterd pomoci matematického modelu odhaduje
lokalizaci zdrojit EEG signalu v jednotlivych voxelech mozkové kuiry.
Metoda neni zaméfena na sledovdni asymetrie mezi hemisférami,
ale na srovnani aktivity v korespondujicich oblastech u pacientt
a kontrol. Pfipadné rozdily mohou byt v zavislosti na frekvenci
a lokalizaci interpretovany jako snizeni ¢i zvySeni aktivace dané
oblasti. Nasim cilem bylo odpovédét na otazku, zda se EEG aktivita
pacientt1 s panickou poruchou lidi od EEG aktivity kontrol. Na za-
kladé vyse uvedenych studii o frontdlni asymetrii u panické poruchy
a o souvislosti pravostranné hyperakvitace s negativnimi emocemi
jsme predpokladali, Ze pacienti s panickou poruchou budou mit ve
srovnani s kontrolami vice aktivity v pdsmu excita¢nich frekvenci
beta v pravé frontalni kafe.

Metody

Soubor
Do studie bylo zafazeno 14 nemedikovanych pacientti s primarni
diagnézou panické poruchy diagnostikované podle MKN-10 jako

Tabulka 1: Demografické charakteristiky souboru.

Pacienti (N = 14) | Kontroly (N = 14)
Charakteristiky souboru pramér SD pramér SD
vék (roky) 33,3 10,4 33,3 10,0
pohlavi (muzi:zeny) 5:9 NA 5:9 NA
lateralita (pravaci:levaci) 14:0 NA 14:0 NA

Zkratky: SD - standardni odchylka, NA — neaplikovatelné

agorafobie s panickou poruchou (F40.01, 7 pacientil) nebo panicka
porucha (F41.0, 7 pacienttl) a 14 zdravych kontrol (tab. 1). Vylu¢ovaci
kritéria zahrnovala soucasné zavazné nebo chronické onemocnéni,
zneuzivani navykovych latek, mentélni retardaci, organickou dusevni
poruchu, anamnesticky vyskyt psychézy, poruchu nélady, vizny Graz
hlavy nebo neurochirurgicky zdkrok. Studie byla schvalena mistni
etickou komisi.

Snimdni a analyjza EEG dat

EEG bylo snimadno v klidovém stavu a pfi zavienych ocich
z 19 standardnich lokalit na skalpu pomoci diferen¢niho zesilovace
BrainScope (Unimedis, Ceskd republika) viiéi referenci Afz, FCz
nebo Cz se vzorkovaci frekvenci 250 nebo 256 Hz. Data byla impor-
tovana do softwaru Eureka (NovaTechEEG, Arizona, USA), kde byly
odstranény artefakty. Pokud zdznam obsahoval kontinuélni svalové
artefakty nebo pfili§ mnoho o¢nich artefakeu, byly odstranény jako
nezavislé komponenty pomoci softwaru ICoN (NovaTechEEG,
Arizona, USA). Pfed analyzou byla data pfevzorkovdna na 128 Hz
a prevedena viici spole¢né referenci (common average). Nasledné byla
pro kazdého jednotlivce, 2394 voxeltt mozkové kiiry a v 8 frekvenc-
nich pdsmech (delta: 2-3,5 Hz; theta: 4-7,5 Hz; alfal: 8-10 Hz; alfa2
10,5-12 Hz; betal: 12,5-16 Hz; beta2: 16,5-21,5 Hz; beta3: 22-30
Hz; gama: 30,5-40 Hz) vypoctena absolutni a relativni proudova
hustota podle modelu SLORETA. Na vyslednd data byla aplikovina
logaritmickd transformace a 14mm smoothing. Absolutni proudova
hustota byla navic u kazdého jedince normalizovina vzhledem k cel-
kovému vykonu v daném pasmu. Skupiny byly porovniny pomoci
randomiza¢né-permutacni statistiky (10 000 permutaci) v softwaru
MhyT (NovaTechEEG, Arizona, USA). Vsechna pasma byla testovana
simultdnné a vysledky byly korigoviny na mnohocetnd srovnavani
pomoci t-sum statistiky zalozené na kombinaci t-statistik (Congedo
et al., 2004). Za signifikantni byly povazovany clustery obsahujici
minimélné 50 voxeld.

Tabulka 2: Lokalizace a pocet voxelii mozkové kiry s odlisnou absolutni proudovou hustotou u pacientd s panickou poruchou ve srovndni s kon-

trolami (p < 0,05).

Prava hemisféra Leva hemisféra
Frekvenéni pasmo a lokalizace prumérné t sign. voxely prumérné t sign. voxely
betal (12,5 - 16 Hz)
Horni frontalni gyrus (BA 8, 9, 10) 3,68 48 NA 0
Stfedni frontalni gyrus (BA 9, 10, 11, 46) 3,67 36 NA 0
Dolni frontalni gyrus (BA 10, 46, 47) 3,54 10 NA 0
Medialni frontalni gyrus (BA 9) 3,47 2 NA 0
Dolni parietalni kiira (BA 40) NA 0 -3,46 2
beta2 (16,5-21,5 Hz)
Horni frontalni gyrus (BA 8, 9, 10) 3,74 24 NA 0
Stredni frontalni gyrus (BA 8, 9, 10, 46) 3,62 37 NA
Dolni frontalni gyrus (BA 10, 46) 3,44 NA
Dolni parietalni kira (BA 40) NA -3,75 51

Zkratky: BA — Brodmannova area, NA — neaplikovano
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Obrdzek 1: Lokalizace clusterdi s odlisnou proudovou bustoton u pacientii
s panickou poruchou ve srovndni's kontrolami (p < 0,05) v pdsmu betal
(a) a beta2 (b, c).

Vysledky

Sledované demografické charakteristiky obou souborti se nelisily.
Vsichni respondenti byli pravaci a skupiny byly ekvivalentni vzhle-
dem k véku i pohlavi (tab. 1).

Pacienti s panickou poruchou méli ve srovnani s kontrolami vyssi
vykon v normalizované absolutni proudové hustoté v pismu betal
abeta2 ve frontalni ktife (prah t= 3,39, p < 0,05) (obr. 1, tab. 2). Vyssi
aktivita v pdsmu betal u pacientt ve srovnani s kontrolami byla
lokalizovdna v oboustranné lateralni prefrontalni kafe s vyraznou
pravostrannou pievahou. Vyssi aktivita v pdsmu beta2 byla zjisténa
pouze v pravé lateralni prefrontalni kaife. V pdsmu beta2 vykazovali
pacienti navic niz$i aktivitu v mensim clusteru v oblasti dolni pa-
rietalni kiry (tab. 2). V dalsich frekvencnich pasmech a v relativni
proudové hustoté nebyl mezi pacienty a kontrolami rozdil.

Diskuze

Zvysené mnozstvi beta aktivity u pacientt s panickou poruchou
dominujici v pravé hemisféfe je vsouladu s pfedchozimi nalezy zob-
razovacich a elektrofyziologickych metod a, vzhledem k tomu, Ze beta
aktivita je povazovana za projev excita¢ni aktivity (Pascual-Marqui
etal, 1999), ukazuje na pravohemisferalni hyperaktivaci u pacientti
s panickou poruchou. Vy$si mnozZstvi beta aktivity v pravé hemisfé-
fe bylo v neddvné dobé popsano u pacientti s panickou poruchou
s agorafobii (Gordeev, 2008).

Pro hyperaktivaci pravé hemisféry u pacientti s panickou poru-
chou svéd¢i nékolik dfive zjisténych skutecnosti: 1) Pravd hemisféra
kontroluje a zpracovavd autonomni a interoceptivni signély (Katkin
etal,, 1991), které hraji vyznamnou roli ve vyvoji a udrzovani panic-
ké poruchy (Ehlers a Breuer, 1992). 2) Vétsina pacientd s panickou
poruchou je charakterizovana vyhybavym chovdnim (Rachman
a Levitt, 1985), které je zfejmé kontrolovino pravymi frontdlnimi
oblastmi mozku (Sutton a Davidson, 1997). Piedchozi prace po-
psaly trend k vy$§imu regiondlnimu krevnimu pritoku v pravém
medidlnim frontdlnim a pravém hornim frontilnim gyru u pacientt
s panickou poruchou oproti kontrolam (Eren et al., 2003) a pomoci
infracervené spektroskopie také zvysenou aktivaci v pravé laterdlni
prefrontalni kafe u geneticky definované podskupiny panickych
pacientti (Tanii et al., 2009). Na abnormality pravé prefrontalni kary
u pacientt s panickou poruchou ukazuje také zjisténi vyssi aktivity
benzodiazepinového receptoru v pravém stiednim a dolnim fron-

talnim gyru (Kuikka et al., 1995). Naru$ené informa¢ni zpracovani
v pravé prefrontdlni kife se miize, podle autord, Gcastnit vzniku
panické poruchy.

Vztah mezi pravostrannou frontalni hyperaktivaci a symptomy
panické poruchy neni plné objasnén, nicméné byla prokizina sou-
vislost mezi aktivitou frontalni kary a aktivicou amygdaly (Wiede-
mann et al., 1999). PET studie zdravych dobrovolnikt ukazuji, Ze
existuje recipro¢ni vztah mezi metabolizmem glukézy v levé medialni
a laterdlni prefrontdlni kiife a metabolizmem glukézy v amygdale
(Abercrombie et al., 1996). Naopak lidé s vét$im relativnim metabo-
lizmem glukézy vpravo prefrontalné maji vy$si metabolickou aktivitu
vamygdale, kterd se i¢astni vyjadfeni a zpracovani negativnich emoci
auceni vztahujicimu se k ohrozujicim podnétiim (Davidson, 2002).
Zvy$end aktivace v oblasti pravé prefrontalni kiiry i amygdaly byla
zji$téna u rtiznych typt tzkostnych poruch (Davidson, 2002) a zda
se, ze redukce aktivity pravé prefrontalni kury souvisi se zlepsenim
klinickych symptomui. Nizkofrekvenéni repetitivni transkranidlni
magnetickd stimulace u pacientii s panickou poruchou a komorbidni
depresi cilend na pravy dorzolaterdlni prefrontilni kortex vedla ke
zlep$eni symptom panické poruchy i deprese a zaroven ke zvyseni
motorického prahu v pravé hemisféie (Mantovani et al., 2007). Prasko
et al. (2004) prokazali, ze ispé$nd lé¢ba (antidepresiva i kognitiv-
né-behavioralni terapie) vedla u pacienttt s panickou poruchou ke
snizeni metabolizmu glukézy v nékolika oblastech pravé hemisféry,
vcetné frontilnich.

Leva dolni parietalni oblast nepatii ke kli¢covym oblastem, o nichz
se pfedpoklada, ze hraji roli v patofyziologii panické poruchy. Nizsi
aktivita v tomto regionu v pidsmu beta2 u pacientd oproti kont-
roldm proto nebyla a priori o¢ekdvana. Nicméné dvé PET studie,
které zjistily snizeny krevni prutok v oblasti levé parietalni kiry
u pacientl s panickou poruchou (Nordahl et al., 1990; Meyer et
al., 2000), podporuji validitu tohoto nélezu. Navic se ukazuje, ze
stejné jako frontdlni asymetrie se u pacientt s panickou poruchou
muze vyskytovat asymetrie parietdlni aktivity, opét s pravostrannou
prevahou, tedy s relativni levostrannou hypoaktivaci a relativni
pravostrannou hyperakivaci (Wiedemann et al., 1999). Podle Hel-
lera et al. (1997) je zvySend aktivita pravé parietdlni kiry spojena
s Gzkostnym nabuzenim, zatimco aktivita levé parietalni kuiry se
Gcastni tzkostnych obav.

Limitujicim faktorem nasi studie je kromé malého vzorku také
skutecnost, Ze pacienti s agorafobii i bez agorafobie byli posuzovani
spole¢né. Piestoze obé podskupiny nebyvaji ve vétsiné studii hodno-
ceny zvlase, neni vylouceno, Ze mohou mit odli$né neurobiologické
charaketeristiky véetné EEG (Gordeev, 2008).

Préce pfindsi prvni poznatky o lokalizaci zdroji EEG u panické
poruchy a jeji vysledky mohou prispét k hleddni voditek pro ne-
farmakologickou 1é¢bu tohoto onemocnéni, jako jsou repetitivni
transkranialni magneticka stimulace a neurofeedback.
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V rubrice zobrazovacich metod se dnes vénujeme vyzkumné i klinicky vysoce aktudlni problematice
novych moznosti vyuziti kvantitativni analyzy EEG zdznamu u depresivni poruchy. Na kazuistické
studii je demonstrovdno pouZiti hodnoceni theta kordance a elektromagnetické tomografie (sSLORETA)
ve sledovdni efektu lécby a predikce terapeutické odpovédi. Sdéleni je doplnéno o podrobné vysvétleni
patofyziologickych koreldtit zmény obou proménnych.
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SOUHRN

Na kazuistické studii pacientky s depresivni poruchou jsou demonstrovany moznosti vyuziti informace o elektrické aktivité mozku (EEG)
pti predikci odpovédi na lécbu a prip. predikei udrzeni této odpovédi. Klidovy EEG zdznam depresivni pacientky, kterd odpovédéla na novou
antidepresivni lé¢bu (venlafaxin), byl analyzovan po 1, 4 a 14 tydnech pomoci metod kvantitativni elektroencefalografie (QEEG): kordan¢ni
analyzy a elektromagnetické tomografie (SLORETA - standardized Low-Resolution Electromagnetic Tomography). Byl zaznamenan pokles
prefrontilni EEG theta kordance jiZ po prvnim tydnu 1écby (v ¢ase, kdy nebyly zjevné klinické zndmky zlepSeni) a stalost remise korelovala
se zvy$ujicim a roz$ifujicim se trendem proudové hustoty theta aktivity (4-8 Hz) v zadnim cingulu.

Klicovd slova: depresivni porucha, elektromagneticka tomografie, SLORETA - standardized Low-Resolution Electromagnetic Tomo-
graphy, EEG kordance, cingularni kortex

SUMMARY

The case report of a depressed patient demonstrates the use of QEEG information in the prediction of a treatment response to an
antidepressant and possibly of the maintenance of this response. Resting EEG record of depressive patient, having responded to the new
antidepressive treatment (venlafaxine), was analyzed after 1, 4 and 14 weeks using the methods of quantitative electroencephalography
(QEEG): cordance analysis and electromagnetic tomography (sSLORETA - standardized Low-Resolution Electromagnetic Tomogra-
phy). Decrease in prefrontal EEG theta cordance was found after the first week of treatment (by the time, when no clinical evidence of
improvement was apparent) and the response sustainment correlated with increasing and spreading trend of theta activity (4-8 Hz)
current density in dorsal cingulum.

Key words: depressive disorder, electromagnetic tomography, sSLORETA - standardized Low-Resolution Electromagnetic Tomography,
EEG cordance, cingular cortex.

S65 P, Brunovsky M, Horacek J, Bares M, Kopecek M. Vyuziti kordan¢ni analyzy a elektromagnetické tomografie ke sledovani zmén
elektrické mozkové aktivity béhem 1é¢by depresivni poruchy. Psychiatrie 2008; 12(3): 167-171.
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Uvod

Soucasné funkéné zobrazovaci studie ukazuji na nékolik
mozkovych oblasti s odlisnym metabolizmem a/nebo perfuzi
u pacientt s depresivni poruchou. Nejlépe pritkazné oblasti
s odlisnym vzorcem metabolizmu méfenym pomoci pozitro-
nové emisni tomografie (PET) a jedno-fotonové emisni poci-
tacové tomografie (SPECT) jsou prefrontilni kortex (PFC),
predni a zadni cinguldrni kortex a hippocampus (Drevets
et al,, 1997; Kennedy et al., 1997; Mayberg, 1997; Drevets,
1998; Mayberg et al., 1999; Videbech, 2000; Mayberg, 2003).
Predpokladda se, ze symptomaticky depresivni stav je dopro-
vazen poklesem aktivity dorsolateralniho PFC a vzestupem
neurondlni aktivity ventrolaterdlniho PFC a pfedniho cingula
(Drevets, 1998; Mayberg et al., 1999). Nejvice konzistentni
zménou klidového metabolizmu mozku u deprese je inverzni
vztah mezi aktivitou PFC a zdvaznosti deprese (Videbech,
2000). Nékolik studii s PET nebo SPECT prokazalo redukci
prefrontlni kortikdlni perfuze a/nebo metabolizmu mozku,
nésledujici po efektivni antidepresivni 1écbé (Nobler et al.,
1994; Drevets, 1998; Brody et al., 2001; Saxena et al., 2002).
Tti malé studie ukazaly, Ze u pacientti s depresivni poruchou
mitize snizeni frontdlni aktivity (méfené pomoci EEG kor-
dance v theta pdsmu) predikovat odpovéd na lécbu jiz po
jednom tydnu uzivini antidepresiv (Cook, 2002; Cook et al.,
2003; Bares et al., 2007). Hodnota EEG theta kordance pozi-
tivné korelovala s kortikdlni perfuzi méfenou PET (Leuchter
et al., 1999), proto predpoklididme, Ze pokles prefrontalni
theta kordance bude odpovidat poklesu prefrontilni elek-
tromagnetické aktivity. Pacienti s depresivni poruchou, ktefi
odpovédéli na 1écbu, méli pred lé¢bou vyssi metabolizmus
glukézy v rostralnich oblastech predniho cinguldrniho kor-
texu (Brodmanova area, BA 24a/b) nez non-respodéfi a zdravi
dobrovolnici (Mayberg et al., 1997; Mayberg et al., 2000).

Elektromagneticka tomografie (SLORETA - standardized
Low-Resolution Electromagnetic Tomography) je relativné
novd metoda zpracovini EEG signdlu, pomoci které lze od-
hadnout lokalizaci elektrické aktivity v mozkové kiife a ¢asti
limbickych struktur (Pascual-Marqui et al., 1994; Pascual-
-Marqui, 2002).

Vlastni kazuistika

Triactyricetiletd Zena, s anamnesticky diagnostikovanou
tzkostné-depresivni poruchou a panickymi stavy od 29 let
a dale od 41 let s depresivni poruchou, byla pfijata na klini-
ku PCP (Psychiatrické centrum Praha) pro druhou epizodu
stfedné tézké deprese trvajici cca dva mésice. Osobnost byla
hodnocena jako akcentovana se zavislymi rysy.

Matka pacientky, nelé¢end alkoholicka, zemtela v 62 letech
na karcinom vaje¢niku, lécila se pro hypofunkei $titné zlazy.
Jinak bez dalsi psychiatrické heredity. Porod a perinatalni vy-
voj vnormé, piekonala bézna détska onemocnéni, dle nebyla
vaznéji somaticky nemocnd. Uraz hlavy neméla, v bezvédomi
nebyla, bez anamnézy kieci ¢i epileptickych paroxysmii, neu-
roinfekce negovala, endokrinologicky se nelécila. Alkohol pila
prilezitostné, nekoufila, drogy neuzivala.

Otce pacientka neznd. Vyrtstala pouze s matkou, otec
opustil rodinu zidhy po jejim narozeni. Pacientka udavala
pozdéjsi obtize s integraci do kolektivu. Matka si nasla pfitele,
se kterym pacientka dobfe vychdzela. Vdala se a Zije v rela-
tivné harmonickém manzelstvi, je matkou dvou déti. Dcera
(15 let) se 1é¢i pro hypofunkci $titné zl4zy. Pacientka studovala
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stfedni pedagogickou skolu se zaméfenim na vpfed§kolni vek,
nyni pracuje jako uéitelka prvniho stupné ZS.

Poprvé vyhledala psychiatrickou péci po prvnim porodu
v roce 1993 pro tzkostné a depresivni stavy. Trpéla ¢etnymi
obavami, Ze nebude schopna dité zaopatfit a neredlnymi vy-
c¢itkami, Ze ji dité zemfe. Po roce dochdzeni do psychiatrické
ambulance a uzivani fluoxetinu absolvovala denni stacionar
pro pacienty s anxiéznimi poruchami. Pro progredujici tstup
tzkostné-depresivni symptomatiky byl fluoxetin postupné
vysazen. Relaps potizi nastal v roce 2006 navratem manzela
do zaméstnani po delsi dobé spole¢ného souziti. Depresivni
symptomatika byla netispésné lécena fadou antidepresiv
v kombinaci s anxiolytiky. Pacientka byla na jafe roku 2008
pfijata na oteviené oddéleni kliniky PCP (Psychiatrické
centrum Praha). Po vysazeni ptivodni medikace a podepsani
informovaného souhlasu byla zatazena do studie porovnava-
jici efektivitu venlafaxinu a rTMS (repetitivni transkranidlni
magnetickd stimulace). Lé¢ena byla venlafaxinem, medikaci
tolerovala bez obtizi. Relativné rychle dochdzi ke zlepSeni
nélady. Po 4 tydnech pobytu dosahla odpovédi nalécbu, pretr-
vavala pouze inicidlni dyssomnie a rezidua ranni Gzkosti. Po-
sledni 3 mésice uzivala stabilni medikaci: venlafaxin 225 mg/
den, bromazepam 0,75 mg/den, hydroxyzin 50 mg/den,
promethazin 1 tbl/den, hypnogen 1 tbl/den.

Metodika

Diagnéza stiedné tézké depresivni faze dle MKN-10 byla
potvrzena pouzitim Mini - International Neuropsychiatric
Interview - M.LN.L, ¢eskd verze 5.0.0 (Sheehan et al., 1998).
Pacientka podstoupila v priibéhu 6,5 mésict vzdy ve stejnou
denni dobu celkem ¢ryfikrat klinické skalovani pomoci
MADRS (Montgomery-Lsberg Depression Rating Scale)
(Montgomery and Lsberg 1979), CGI (Clinical Global Impres-
sion) (Guy, 1976) a BDI (Beck Depression Inventory) (BECK
et al., 1961) a elektroencefalografické (EEG) vySetieni - na
zacatku lécby (baseline), po tydnu a po 4 tydnech od zahajeni
lécby venlafaxinem, dale pak v ndsledném sledovani 2,5 mésice
po propusténi z hospitalizace. Desetiminutovy EEG zdznam
byl sniman v klidu pfi zavfenych ocich se vzorkovaci frekvenci
250 Hz devatenicti elektrodami umisténymi na skalpu podle
mezindrodniho systému 10/20 oproti referencni elektrodé
umistnéné mezi elektrodami Cz a Fz ve stfedni ¢afe. EEG
kfivka byla hodnocena nejprve vizualné a nasledné dvéma
kvantitativnimi algoritmy: 1. kordanéni analyzou (pomoci
software WaveFinderv.2.80, Unimedis, Praha), 2. elektromagne-
tickou encefalografii - SLORETA (Standardized Low-Resolution
Electromagnetic Tomography) (Pascual-Marqui, 2002). Po selek-
ci tficeti dvousekundovych bezartefaktovych tseki z kazdého
zaznamu, digitdlni filtraci 0,5 az 30 Hz a pfepocitdni na referenci
rovné praméru signdlu vsech elektrod, tzv. common average, byla
data podrobena zpracovani. Frekvenéni pAsma byla definovana
nésledovné: delta (0.5-4 Hz), theta (4-8 Hz), alfa (8-12 Hz) abeta
(12-20 Hz). EEG kordance byla vypoctena vyuzitim algoritmu
urceného pro vyzkumné tcely (Leuchter, 1994). Nasledné byla
vypoctena pramérnad hodnota kordance ze tif frontdlnich elek-
trod (Fp1, Fp2 a Fz) v theta frekven¢nim pasmu (podrobnéji viz
(Bares etal.,2007). Pribliznd lokalizace elektrické aktivity v moz-
kové kuife a ¢asti limbickych struktur byla urcena a zobrazena
pomoci softwaru SLORETA (Pascual-Marqui, 2002). Srovnavany
byly jednotlivé zdznamy po 1,4 a 14 tydnech s baseline kiivkou
pomoci neparametrické statistiky - t-testu pro nezivislé vybéry
(popséno jiz v Brunovsky et al., 2006).
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Obrdzek 1: Distribuce proudové bustoty theta aktivity srovndnim po 1, 4 a 14 tydnech vs. baseline. Zvyseni aktivity je zndzornéno cervenou,

vyraznéjsi zvyseni Zlutou a sniZeni aktivity modrou barvou.

Vysledky

Pri vizudlnim hodnoceni EEG zdznamii bylo patrno vys$si
mnozstvi beta aktivity difuzné s pfevahou nad prednimi
kvadranty, kde byl ¢astéjsi vyskyt tzv. beta vieten jako znamek
uzkostnosti pacientky a ovlivnéni ktivky aktualni medikaci
benzodiazepiny.

Klinické méfeni:

Pacientka se stfedné tézkou depresivni fazi (MADRS 21,
CGI 4, BDI 11), tspésné odpovédéla po 4 tydnech na terapii
venlafaxinem (MADRS 10, CGI 2, BDI 12) a v nasledném

sledovani po 2,5 mésicich od propusténi dosahla spolehlivé
remise (MADRS 1, CGI 1, BDI 3) (podrobnéji viz graf 1).
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Graf 1: Priubéh vyslednych hodnot klinickych skdl (MADRS, CGI)
a dotazniku (BDI) po 1, 4 a 14 tydnech 1écby venlafaxinem.

Kvantitativni EEG analyza:

1. Po tydnu od zahdijeni lécby doslo k poklesu EEG
kordance a zaroven k pouze hrani¢nimu bilaterdlnimu
zvy$eni theta aktivity v parahipokampdalnim gyru (p > 0,05)
(obr. 1).

2. Po ¢ryfech tydnech od zahdjeni 1é¢by doslo ke zvyseni
EEG kordance oproti baseline. Tato zména se odrazila ve vy-
razném bilateralnim zvySeni proudové hustoty theta aktivity
v okcipitalnim lobu véetné zadniho cingula (BA 29, 30, 31).

3. Po ¢trndcti tydnech od zahdjeni 1é¢by doslo k poklesu
EEG kordance (podrobnéji viz graf 2) oproti baseline a ke
zvyraznéni bilaterdlniho zvySeni proudové hustoty theta
aktivity v $iroké oblasti okcipitdlniho lobu véetné zadniho
cingula (podrobnéji viz obr. 1).

baseline

1 tyden

4 tydny 14 tydnd

EEG theta kordance

Graf 2: Pribéb prefrontdlni EEG theta kordance s poklesem v prvnim
tydnu jako predikce odpovédi na lécbu venlafaxinem.

169



Mozek - funkéné morfologické néalezy v psychiatrii

PSYCHIATRIE = ROCNIK 12 = 2008 = CISLO 3

Diskuze

Sledovali jsme prubéh stfedné tézké depresivni epizody
u pacientky (MADRS 21), kterd po 4 tydnech uspésné odpo-
védéla na terapii venlafaxinem (MADRS 10) a v ndsledném
sledovani po 2,5 mésicich od propusténi dosihla spolehlivé
remise (MADRS 1). Ke sledovdni jsme kromé klinickych
8kal vyuzili EEG kordan¢ni analyzu a elektromagnetickou
tomografii (SLORETA).

Hodnota EEG kordance v sobé kombinuje komplemen-
tarni informace z absolutniho a relativniho vykonového
spektra a odrazi perfuzi (popf. metabolizmus) mozku lépe
nez jiné metody kvantitativni EEG (Leuchter et al.,, 1999).
Predchozi studie u farmakorezistentnich depresivnich
pacientl ukdzaly, ze véasny pokles hodnot prefrontalni
EEG theta kordance (jiz po 1 tydnu) odlisi respondery od
non-respondert na nové nasazené antidepresivum (Ba-
res et al., 2007; Bares et al., 2008; Cook 2002; Cook et al.,
2005; Kopecek et al., 2007; Kopecek et al., 2007). Dosud
neni jednoznacné prokazino, jaké déje odrdzi zména pre-
frontalni kordance v pasmu theta. Predpokladdme, Ze by se
mohlo jednat o sniZeni aktivity pfedev$im v prednim cingulu
(Brodmanova area - BA 25). U pacientti reagujicich na lé¢bu
ukizala studie s pozitronovou emisni tomografii snizeni
metabolizmu pravé v pfednim cingulu (BA 25) na rozdil od
pacientd, ktefi na 1é¢bu neodpovédéli (Mayberg et al., 2000).
Snizeni aktivity pfedniho cingula bylo detekovino také po
spankové deprivaci spolu s [é¢bou antidepresivy, coz vedlo
ke zlepseni depresivni symptomatiky (Smith et al., 1999).
Hluboka mozkova stimulace predniho cingula (BA 25) vedla
k odpovédi na lécbu u 66 % farmakorezistentnich pacienti.
Preruseni stimulace vedlo k opétovnému vyskytu deprese
a znovuzapojeni stimuldtoru vedlo opét k antidepresivnhimu
efektu (Mayberg et al., 2005).

Klinické zlepseni u deprese bylo jednozna¢né asociovano
s poklesem metabolizmu glukézy v subgenudlnim cingulu
(BA 25) a se vzestupem metabolizmu mozkového kmene
a dorsélnich kortikadlnich oblasti (prefrontalni, parietdlni,
predni a zadni cingulum) (Mayberg et al., 2000). Dlouhodobé
persistujici hypometabolizmus subgenualniho cingula u pa-
cient( v remisi Ize vysvétlit jako metabolické zmény potfebné
k udrzeni remise (Mayberg et al., 1998).

V nasi kazuistické studii jsme pozorovali u odpovédi
na lécbu jiz po tydnu terapie zfetelny nartst theta aktivity
zadniho cingula, ktery pfetrvaval i po 14 tydnech a déle se
rozsifoval. Tyto vysledky koreluji s predpokladem Mayber-
gové o udrzeni remise.

Zatimco depresivni stav je doprovdzen redukci aktivi-
ty dorzdlniho pfedniho cingula (kaudalni ¢ist BA 24, 32
a cingularni motoricka oblast), zvySend aktivita rostrdlniho
predniho cingula (BA 25, 32, 33 a rostralni oblast BA 24)
pred lécbou charakterizuje pouze podskupinu responderti

(Pizzagalli et al., 2001).

Studie vyuzivajici nizko-rozliSovaci elektromagnetickou
tomografii (LORETA) u depresivnich pacientti ukédzala, ze
vyssi aktivita v pdsmu theta vedla k lepsi odpovédi na 1écbu
nez u pacientt s nizkou aktivitou pred 1écbou (Pizzagalli
et al,, 2001). Price stejného autorského kolektivu ukazala
vztah mezi metabolizmem pfedniho cingula a theta aktivi-
tou u zdravych dobrovolnik, nikoliv depresivnich pacientil
(Pizzagalli et al., 2003).

Predni cingulum je povazZovdno za jeden z generatort
frontalni theta aktivity (Pizzagalli et al., 2003), a tak pred-
pokladame, ze nds frontdlni kordance informuje pravé
o jeho aktivité. Skute¢nost, ze aktivita predniho cingula je
u depresivnich nemocnych ovlivnéna antidepresivni 1écbou
vedouci k 1écebnému efektu a ne jen pouhou zménou psycho-
patologie, ukazuje studie (Leuchter, 2002), kterd u pacientti
odpovidajicich na lé¢bu placebem nalezla zvySeni theta kor-
dance na rozdil od jejiho snizeni u pacientti odpovidajicich
nalécbu antidepresivy. I kdyz prava podstata zmény frontalni
kordance je zatim spekulativni, nebrani to jejimu potencidl-
nimu klinickému vyuziti.

Zavery

Kazuistika demonstruje moznosti vyuziti metod kvan-
titativni elektroencefalografie (kordance, sSLORETA)
k predikci odpovédi na 1écbu a jejiho udrzeni po nasazeni
antidepresiva (venlafaxin). Odpovéd na lécbu u popsané
pacientky byla zaznamendna poklesem EEG theta kordance
jiz po tydnu lécby (v ¢ase kdy nebyly zjevné klinické znamky
zlepSeni) a stalost odpovédi na lé¢bu potvrzoval zvysuji-
ci a rozsifujici se trend proudové hustoty theta aktivity
(4-8 Hz) v zadnim cingulu.

Vznik této prdce byl podporen projekty CNS MSMT CR 1M0S17
a MZCR MZOPCP200S.
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Treatment outcome; The aim of the study was to examine whether the reduction of theta prefrontal quantitative EEG
Bupropion; (QEEG) cordance after one week of bupropion administration is a predictor of response to a 4-
QEEG cordance; week treatment in patients that had failed to respond to previous antidepressant treatments.
Prediction Method: EEG data of 18 inpatients were monitored at baseline and after one week. QEEG

cordance was computed at 3 frontal electrodes (Fp1, Fp2, Fz). Response to treatment was
defined as a >50% reduction of MADRS score. Results: Nine of the eleven responders and one of
the seven non-responders showed decreased prefrontal cordance value after the first week of
treatment (p=0.01). Positive and negative predictive values of cordance reduction for the
prediction of response to the treatment were 0.9 and 0.75, respectively. Conclusion: Similar to
other antidepressants, the reduction of prefrontal QEEG cordance might be helpful in the
prediction of the acute outcome of bupropion treatment.
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of patients (30-50%) fail to respond to an initial course of
antidepressant treatment (Keller, 2005; Trivedi et al.,
2006). Since a large number of patients fail to respond to
antidepressants (AD), there is a clear need for methods that
select the right treatment for the right patient. A consider-
able body of research supports the assertion that antide-
pressant medication effects are physiologically detectable in
the EEG (for review see Hunter et al., 2007). QEEG cordance
is one of the promising tools for the prediction of response
which has generated research interest. Cordance is a QEEG
method which combines complementary information from
absolute (the amount of power in a frequency band at a given
electrode) and relative power (the percentage of power
contained in a frequency band relative to the total spectrum)
of EEG spectra (Leuchter et al., 1994a). Since cordance
values are correlated with regional cerebral blood flow,
findings with this measure could be interpreted within the
same conceptual framework as other functional neuroima-
ging studies (Leuchter et al., 1999, Leuchter et al., 1994b;
Cook, 2008) demonstrating an abnormal pattern of metab-
olism or perfusion in the prefrontal cortex and the anterior
cingulate in depressed patients (Drevets, 1998; Mayberg
et al., 1997, Mayberg et al., 2000). Moreover, frontal
electrical activity in theta frequency band has been
associated with the function of these structures and previous
research has linked higher pretreatment theta activity of the
anterior cingulate with clinical response to nortriptyline and
citalopram treatment (Asada et al., 1999; Mulert et al.,
2007; Pizzagalli et al., 2001; Pizzagalli et al., 2003).

Several studies have demonstrated that a reduction of
prefrontal QEEG theta cordance value after 1 or 2 weeks of
treatment with selective serotonin reuptake inhibitors (SSRI)
and selective serotonin—norepinephrine reuptake inhibitors
(SNRI) can predict clinical response to 8-week treatment in
non-resistant patients or non-responders to SSRI (Cook and
Leuchter, 2001; Cook et al., 2002, 2005) and these changes
were different from those observed in placebo responders
(Leuchter et al., 2002). We have independently replicated a
relationship between an early change in prefrontal cordance
and clinical outcome for resistant patients treated with various
AD (n=17) and venlafaxine monotherapy (n=25) in two open-
label studies (Bares et al., 2007, 2008). The positive predictive
values (PPV) and negative predictive values (NPV) for the
reduction of theta cordance as a predictor of response were
0.7 and 1.0in the first study, and 0.7 and 0.9 in the second one.

As far as we know, no study examining predictive value of
prefrontal QEEG cordance changes for AD other than SSRI or
SNRI in resistant subjects has been published. Bupropion, an
antidepressant which does not act primary via serotonergic
mechanism was selected for our study because it is generally
well tolerated (including low rate of sexual side effects) and
switching to bupropion is a popular strategy for the
treatment of non-responders to SSRI (Fredman et al., 2000;
Kennedy et al., 2006). Furthermore, there is some evidence
about its efficacy in the treatment of resistant depression
(Rush et al., 2006b; Papakostas et al., 2008).

We hypothesized that the reduction of theta prefrontal
QEEG cordance value after 1 week of bupropion administra-
tion would be associated with response to 4-week treatment
in patients resistant to previous antidepressive treatments.

The Prague Psychiatric Center Institutional Review Board
reviewed and approved the study and written informed

consent to participate in the research was obtained from all
subjects. Study was carried out in accordance with the latest
version of the Declaration of Helsinki.

2. Experimental procedures

This single-centre, open-label study was performed as a part of a
grant project addressing the evaluation of the relationship between
QEEG cordance and response to the treatment with various
antidepressive interventions.

2.1. Subjects

Our sample comprised 18 inpatients (10 men, 8 women, mean age
46.1+10.1 years) with major depressive disorder (recurrent or single
episode) diagnosed according to DSM IV criteria (American Psychi-
atric Association, 1994), confirmed using The Mini-International
Neuropsychiatric Interview—M.I.N.I., Czech version 5.0.0 (Sheehan
et al., 1998). We included subjects who reached at least the total
score of 20 in Montgomery—Asberg Depression Rating Scale (MADRS,
Montgomery and Asberg, 1979) and the score of 4 or more in the
Clinical Global Impression (CGl, Guy, 1976). All patients were
hospitalized at the Open Department of Prague Psychiatric Center
between May 2006 and December 2008. They fulfilled at least Stage |
criteria for resistant depression (=1 adequate antidepressant
treatment) according to Thase and Rush (1997). Evaluation of
adequacy of previous medication in the index episode was based on
the Antidepressant Treatment History Form (Sackeim, 2001) with a
score of at least 3 (more than 4 weeks of treatment at an adequate
dose). The most recent medications before enrollment to the study
were SSRI (n=6), noradrenergic and specific serotonergic AD (NaSSA,
n=2), SNRI (n=1), various combinations of AD (n=4) and augmen-
tation of AD with atypical antipsychotics (n=5) — for more details
see Table 1. We excluded subjects with suicidal risk assessed by
clinical examination, current psychiatric comorbidity on Axes | and
Il, serious unstable medical illness or neurologic disorder (e.g.,
epilepsy, head trauma with loss of consciousness) and patients using
any treatment (including electroconvulsive therapy within 3 months
before start of study) which can strongly affect EEG, as well as
patients who were resistant to bupropion in the past.

2.2. Treatment trial and clinical assessments

All patients were antidepressants and antipsychotics free at least
one day before initializing of bupropion treatment — for more details
see Table 1. The continuation of benzodiazepines was allowed in
unchanged dosage in patients who used them before the study to
avoid withdrawal effect and possible EEG changes. The last dose of
benzodiazepines before EEG recording was given at 9 p.m. of
previous day.

The length of bupropion treatment was four weeks. We used
sustained-release form of bupropion. The bupropion was used in a
minimal dose of 150 mg/p.d. with possibility of titration of dose
after 5 days of treatment according to clinical status, tolerability
and judgement of attending psychiatrist, with average daily doses of
183.3+64.2 mg at week 1 and 287.5+38.6 mg at week 4. Zolpidem
and hydroxyzine were permitted as a concomitant (emergency)
treatment in case of severe insomnia or anxiety.

The primary outcome measure for the study was the score change
in the MADRS. Clinical response was defined as equal to or more than
50% reduction of the MADRS score. The patients were assessed with
MADRS, Beck Depression Inventory—Short Form (BDI-S, Beck et al.,
1974) and CGI before a wash-out period of 1 to 5 days, at baseline
and after 1 and 4 weeks of treatment. Ratings were made by
experienced clinical psychiatrists (M.B., T.N., M.K., P.S.) who were
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Table 1  Baseline characteristics of subjects and clinical features of depression.
Responders Non-responders Statistical
(n=11) (n=7) significance level
median (IQR) median (IQR)
Age (years) 48 (43-50) 43 (32-54) NS?
Gender (F:M) 8:3 0:7 p<0.004b
Duration of depressive disorder 60 (7-108) 39 (6—140) NS?
(months)
Number of previous depressive 2 (0-3) 1 (0-4) NS?2
episodes
Duration of index episode before 22 (8-32) 24 (16-24) NS 2
enrollment (weeks)
Number of previous treatment 2 (1-2) 2 (1-2) NS @
trials of index episode
Number of subjects taking 10 4 NS P
benzodiazepines
Duration of wash-out period (days) 4 (1-5) 3 (2-4) NS 2
Last treatment before enrollment citalopram-1, escitalopram-2, citalopram-1, mirtazapine-1, NA
mirtazapine-1, sertraline-1, sertraline-1, venlafaxine +
venlafaxine-1, clomipramine + trazodone-2 escitalopram +
nortriptyline-1, escitalopram+  olanzapine-1, mirtazapine +
trazodone-1, citalopram+ olanzapine-1
risperidone-1, mirtazapine +
olanzapine-1, dibenzepine +
quetiapine-1
Dose of benzodiazepines (diazepam 11.3 (7.5-15.0) 12.5 (8.75-25.0) NS
equivalent, mg/p.d.)
Dose of bupropion at week 1 (mg/p.d.) 150 (150-300) 150 (150-150) NS?
Final dose of bupropion (mg/p.d.) 300 (300-300) 300 (300-300) NS 2

IQR—interquartile range, NA—not applicable, NS—nonsignificant, p.d.—per day.

@ Mann-Whitney U Test.
b Fisher Exact Test.

trained to the criterion of intraclass correlation >0.80 for each
clinician prior to conducting ratings.

2.3. Apparatus and physiological recording

EEG data were collected at baseline and after 1st week of treat-
ment. The EEG examination was regularly carried out between 8 a.
m. and 9 a.m. We used a standard 32-channel digital EEG amplifier
BrainScope (unimedis, Prague) with 21 Ag/AgCl surface electrodes
placed according to the international 10/20 system and referenced
to the electrode situated between electrodes Fz and Cz in the
midline (FCz). All scalp electrode impedances were below 5 kQ
(within 1 kQ of homologous sites). The EEG recording system
acquires the data with a 16 bit depth and 7.63 nV/bit resolution
(i.e. ~130bit/pV) with the dynamic range of +250 yV. The data
sampling rate was 250 Hz and the acquired signals were filtered with
digital high- and low-pass filtering at 0.15 and 70 Hz, respectively.
The EEG was recorded with the patients in a semi- recumbent
position, with eyes closed in a maximally alert state in a sound-
attenuated room with subdued lighting. During the recording the
alertness was controlled. If the patterns of drowsiness appeared in
the EEG, the subjects were aroused by acoustic stimuli.

2.4. EEG data reduction and analyses

The first 50 sequential, non-overlapping, 2-second epochs collected
during resting periods with eyes closed were selected to be
processed for each recording. Before analysis of the data, artifact

detection was performed visually to exclude all epochs containing
eye blink, eye rolling artifact, head movements, muscle artifacts,
decrease in alertness or epoch in which any channel had a voltage
deflection greater than +75uV. EEG reviewer was blind to the
outcome of treatment. The number of artifact-free, 2-seconds
epochs averaged 18.4+2.5 (range 15-23) across subjects, indicating
that on average, at least 30s of the available recordings were
submitted to a spectral analysis. The number of epochs we processed
did not differ between responders and non-responders. Preceding
the Fast Fourier Transform (FFT), a linear interpolation between
adjacent raw values (sampled at a frequency of 250 Hz) was carried
out, followed by a second sampling procedure at a frequency of
256 Hz, yielding 512 values in the 2.0 s spectral window. With this
algorithm, the frequency resolution of the power spectra is 0.5 Hz.
FFT was used to calculate absolute and relative power in each of
four non-overlapping frequency bands (Nuwer et al., 1999): delta
(0.5-4 Hz), theta (4-8 Hz), alpha (8—12 Hz), and beta (12-20 Hz).

2.5. Cordance calculations

QEEG cordance was calculated by our EEG software (WaveFinder
v.1.70, unimedis, Prague) using the algorithm for the cordance
calculation which has been described elsewhere in greater detail
(Leuchter et al., 1994a,b). This algorithm normalizes power across
both electrode sites and frequency bands in three consecutive steps:
first, absolute power values are reattributed to each individual
electrode by averaging power from all bipolar electrode pairs sharing
that electrode (for example, the reattributed absolute power for Fp1
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electrode is calculated as an average of the bipolar absolute power of
pairs Fp1-F7, Fp1-F3, and Fp1-Fp2) (Cook et al., 1998). This
electrode referencing method is similar to the single source method
of Hjorth (1975), in which voltage signals are recombined, except that
the current method averages power from neighboring electrode pairs
whereas the Hjorth transformation averages voltage amplitudes. It
has been previously shown that electrode referencing on the basis of
power averaging provides a stronger association between QEEG
measures and perfusion of underlying brain than either the linked-
ears reference or the conventional Hjorth method (Cook et al., 1998).
Then the relative power values (percentage of power in each
frequency band) are calculated on the basis of dividing reattributed
absolute power values by total power values for each electrode site in
each frequency band. In the second step, for each individual EEG
recording the maximum absolute and relative power values (AMAX;,
RMAX;) in each frequency band (f) are determined to obtain normal-
ized absolute (Anorm (s,5) and normalized relative (Rnorm (s,5) POWer
values (each absolute and relative power values are divided by AMAX
and RMAX; respectively). This normalization process places absolute
and relative power values into a common unit (yielding values
between 0 and 1) which allows them to be combined. In the third step,
the cordance values at each electrode site (s) for each frequency
band (f) are calculated by summing the Ayorm and Ryorm Values, after
a half-maximal value (0.5 on the normalized scale) are subtracted:

CORDANCE 5 5) = (Anorm(s£)—0.5) + (Rnorm(s.f)—0.5).

For each individual EEG record, the cordance values from 3 fron-
tal electrodes (Fp1, Fp2 and Fz) in theta frequency band (4-8 Hz)
were averaged and subjected to statistical analysis similar to
previous studies (Cook et al., 2002, 2005; Leuchter et al., 2002;
Bares et al., 2007, 2008).

2.6. Statistical methods and data analyses

Analyses were performed using SPPS version 13. Due to the small
sample size and non-normal data distribution we used nonparamet-
ric statistical tests (Fisher Exact Test, Mann—-Whitney U Test,
Spearman's Rho). All tests were 2-sided and an exact significance

level of 0.05 was adopted. The baseline characteristics, scores in
rating scales as well as values of cordance were expressed as a
median and interquartile ratio (IQR). The primary analysis was
conducted to detect difference between the number of responders
and non-responders who decreased cordance (Fisher Exact Test).
The difference in cordance value changes between responders and
non-responders after one week of treatment was assessed using
Mann—Whitney U Test. PPV, NPV, number need to diagnose (NND)
with exact binomial 95% confidence intervals (95 CI%) as well as post-
hoc effect size were also calculated. Based on our previous results
(Bares et al., 2007, 2008), we planned our sample size to detect a
large effect size (difference between responders and non-respon-
ders who reduced prefrontal cordance). Total sample size of 18
patients would be sufficient to detect an effect size (w) of 0.66 with
81% power at a 5% level of statistical significance.

3. Results

3.1. Baseline and treatment characteristics and
clinical measures

We analyzed 18 patients who finished 4 weeks of treatment.
Eleven (61%) out of 18 subjects responded to the treatment.
With the exception of gender, no baseline differences were
found between responders and non-responders in demographic
and clinical characteristics, duration of wash-out period or in
average daily doses of bupropion at week 1 and week 4 (see
Table 1). We also did not find any significant difference in the
number of patients taking zolpidem and hydroxyzine in both
groups at week 1 (a day before the 2nd EEG session) and week 4.
The scores of the clinical rating scales in patients over time are
summarized in Table 2 and there were no differences between
responders and non-responders at baseline. Both groups
differed in MADRS and CGI after first week of treatment but
were not significantly different in the reductions of MADRS and
CGl scores.

Table 2  Results of the clinical rating scales.
Responders Non-responders Statistical significance
(n=11) (n=7) level®
median (IQR) median (IQR)
MADRS baseline 28 (24-33) 29 (28-36) NS
MADRS week 1 24 (19-28) 31 (26-36) p=0.04
Reduction of MADRS 4 (0-8) 1(=2-3) NS
score after week 1
MADRS week 4 12 (10-16) 24 (22-27) p<0.001
Reduction of MADRS 15 (13-18) 4 (2-14) p<0.01
score after week 4
CGl baseline 5 (4-5) 5 (5-6) NS
CGl week 1 4 (4-5) 5 (5-6) p=0.04
Reduction of CGI 0 (0-1) 0 (0-0) NS
score after week 1
CGl week 4 2 (2-3) 4 (4-5) p<0.001
BDI-S baseline 19 (11-23) 19 (17-21) NS
BDI-S week 1 17 (11-22) 21 (17-24) NS
BDI-S week 4 10 (6—15) 19 (18-21) p=0.001

BDI-S—Beck Depression Inventory—Short Form, CGl—Clinical Global Impression, IQR—interquartile range, MADRS—Montgomery and Asberg

Depression Rating Scale, NS—nonsignificant.
@ Mann—Whitney U Test.



The change of prefrontal QEEG theta cordance as a predictor of response to bupropion treatment 463

3.2. Predictive value of prefrontal cordance
reduction

Nine of eleven responders and only one of seven non-responders
showed a decrease in prefrontal QEEG cordance after the first
week of drug administration (Fisher Exact Test, p=0.01). Using
the decrease of prefrontal cordance value after one week of
treatment as an indicator of response to bupropion, PPV and
NPV of this test were 0.9 (95% Cl, 0.56—1.0) and 0.75 (95% Cl,
0.35-0.97), respectively. NND for response was 1.48 (95% Cl,
1.16—4.17) with the effect size (w) for response of 0.7. When
cordance values were analyzed as continuous variables, we
detected significant difference in prefrontal cordance value
changes between responders and non-responders (Mann—Whit-
ney U Test, U=15, p=0.03) after first week of bupropion
treatment. The higher baseline cordance value was found in
responders (Mann—Whitney U Test, U=6, p=0.002). For numer-
ical details see Table 3.

We found significant relationships between percentage reduc-
tion of MADRS score from baseline to final visit and both the
baseline cordance (Spearmen's Rho, rs=0.64, p=0.004) and the
change of cordance value after week 1 (Spearmen's Rho, rs=
—0.55, p=0.02). There were no correlations between baseline
cordance value and severity of depression (baseline MADRS score).

We also did not detect any relationship between benzodia-
zepine equivalent dose (Bazire, 2003) and baseline cordance
value for all patients (rs=0.02, p=0.94) as well as between
benzodiazepine equivalent dose and the change of cordance
value after week 1 (r;=0.21, p=0.4). The baseline cordance
values were not different between patients with benzodiaze-
pines (0.64, IQR 0.60-0.69) and without benzodiazepines (0.50,
IQR 0.31-0.70, Mann—Whitney U Test, U=18, p=0.33) as well as
the change of cordance value after week 1 (—0.02, IQR —0.06—
0.07 and 0.02, IQR —0.12-0.13, resp.; Mann—Whitney U Test,
U=27, p=0.96).

Although we observed significant gender difference in final
response rate, there was no significant difference in the change
of cordance value after week 1 between males and females
(Mann—-Whitney U Test, U=32, p=0.51). The same result was
achieved by comparing the cordance change between males and
females who responded to the treatment (Mann—-Whitney U
test, U=6, p=0.28). We found significantly higher baseline
cordance value in females (0.68, IQR 0.64—0.72) comparing to
males (0.57, IQR 0.46—0.62) in whole sample (Mann—Whitney U
test, U=13, p=0.02) and no gender difference of baseline
cordance value in responders group (Mann—Whitney U test,
U=10, p=0.78).

In addition, we calculated predictive parameters of cor-
dance reduction for remission (n=6) defined as a MADRS score

<12 points. PPV and NPV were 0.6 (95%Cl, 0.26-0.88) and 1.0
(95%Cl, 0.63—1.0) respectively.

4. Discussion

The primary finding of this study was that the reduction
of prefrontal QEEG cordance value in theta frequency band
after one week of bupropion treatment predicted clinical
response to 4-week treatment in patients who had failed
to previous antidepressant treatments. We also found inter-
group difference (responders vs. non-responders) in cordance
value changes at this time point. As far as we know, this is the
first study using the frontal theta band QEEG cordance as an
early predictor of response to an antidepressant whose
mechanism of action does not involve inhibition of serotonin
reuptake. Previous study demonstrated predictive effect of a
reduction of prefrontal cordance for SSRI or SNRI (Cook et al.,
2002; Cook and Leuchter, 2001; Bares et al., 2008).

The decrease of theta prefrontal cordance we observed
might be a potential correlate of early activity changes in
anterior cingulate and prefrontal cortex coupling with anti-
depressant response. The changes of metabolic activity in
anterior cingulate and adjacent orbital and prefrontal
cortices were associated with response to treatment with
chronic deep brain stimulation (Lozano et al., 2008, Mayberg
et al., 2005) and antidepressants as well (Drevets et al.,
2008). However, the link between decrease of theta pre-
frontal cordance and early activity changes in anterior
cingulate and prefrontal cortex is currently supported by
very limited data (Leuchter et al., 1994a,b, 1999). We also
observed significantly higher baseline cordance value in
responders as well as the relationship between baseline
prefrontal cordance value and a reduction of MADRS in the
whole sample that were not seen in previous studies (Cook
etal., 2002; Bares et al., 2007, 2008). If the frontal electrical
activity in theta frequency band reflects mainly the func-
tion of the anterior cingulate cortex (Asada et al., 1999;
Pizzagalli et al., 2003) and the cordance values correlate
with regional cerebral blood flow (Leuchter et al., 1994a,b,
1999), our finding could be hypothetically consistent with
the results of previous studies linking higher baseline metab-
olism as well as higher theta activity of anterior cingulate
with response to antidepressant treatment (Mayberg et al.,
1997; Mayberg et al., 2000; Mulert et al., 2007; Pizzagalli
et al., 2001).

Reviewing previous “cordance” studies we identified the
same pattern of results (higher cordance value in responders)
in three studies (Cook et al., 2002; Leuchter et al., 2002;

Table 3  Prefrontal cordance values during study.
Responders Non-responders Statistical significance
(n=11) (n=7) level®
median (IQR) median (IQR)

Prefrontal cordance value at baseline 0.68 (0.62-0.73) 0.49 (0.40-0.60) p=0.002

Change in prefrontal cordance values —0.06 (—0.18 to —0.02) 0.12 (0.03-0.14) p=0.03

after week 1 (CF2-CF1)

CF1—cordance value at baseline, CF2—cordance value after week 1, IQR—interquartile range.

2 Mann-Whitney U Test.
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Bares et al., 2007), but none reached statistical significance.
Based on our data we hypothesize that both parameters
(baseline cordance value and early change of cordance)
closely interact and may predict changes in depressive
symptoms.

We suppose that reduction of cordance value outlined as a
dichotomous variable is more suitable for prediction of
treatment outcome in clinical practice than baseline
cordance because there is no cut-off of cordance value to
be used in individual setting.

The increase of cordance value in non-responders
observed in our study might be also a promising predictor
but it has not yet been supported by sufficient body of
evidence contrary to cordance decrease in responders (Cook
et al., 2002; Bares et al., 2007, 2008). It is not clear what
processes are coupled with increase of cordance in non-
responders. It might be due to non-response to treatment or
a consequence of the ongoing changes related to pathophys-
iological processes of depression.

Accidentally, we detected significant gender difference
in the response rate. Several analyses have found that gender,
menopausal status, and age can affect response to AD,
whereas others have failed to show such differences (Kornstein
and Sloan, 2006). The recent pooled analysis did not find
gender-related difference in the antidepressant efficacy of
bupropion and SSRI (Papakostas et al., 2007a). In our study, we
found a gender difference in baseline cordance value in whole
sample but not in responders and no differences were observed
between males and females in changes of cordance values
after week 1 in whole sample or responders. We are not able to
say if baseline cordance gender difference is a true gender
difference or a consequence of baseline cordance difference
between responders and non-responders combined with
unequal response gender ratio in our study. The study is too
small to elucidate this question. Since a previous study did not
detect gender baseline difference in cordance value (Morgan
et al., 2005) in depressive patients we do not suppose any
robust influence of gender on cordance prediction, however
we cannot exclude some smaller effect in patients treated
with bupropion.

We evaluated confounding influence of benzodiazepines
administration (stable dose during the study) on prefrontal
cordance change. We examined the relationship between
benzodiazepine equivalent dose and baseline cordance value
for all patients as well as between benzodiazepine equiva-
lent dose and the change of cordance value after week 1 and
found no significant correlation. Moreover, there was no
difference between patients with and without benzodiaze-
pines in baseline cordance values and in the change of
cordance value after week 1. The relation between cordance
and benzodiazepines, if present, did not appear to influence
the results of our study.

It is important to note several limitations of the current
study. First, the duration of 4 weeks might be too short to
assess clinical response to bupropion (Rush et al., 2006a) and
we cannot exclude the possibility of further clinical change
emerging during longer treatment. In an outpatients'
fluoxetine study, non-responders after 4 weeks of treatment
achieved better remission rate at week 12 but the response
rate after week 4 of treatment was still substantial — 50%
(Quitkin et al., 2003). The period of 4 weeks is frequently
used as a cut-off point of antidepressant treatment adequacy

(Antidepressant Treatment History Form — Sackeim, 2001,
Souery et al., 2007) and 4 weeks was a median of treatment
duration to response in responders to bupropion in Level 2 of
STAR*D study that involved patients with similar degree of
failure to previous AD treatment as in our project (Rush
et al., 2006b). Moreover, at least four previous studies found
that the change after the first 2 or 4 weeks of treatment
predicted the outcome at 6, 8 and 12 weeks (Nierenberg et
al., 2000; Papakostas et al., 2007b; Trivedi et al., 2005,
Szegedi et al., 2009).

Second, we used only a short wash-out period to prevent
potential side effects of rapid switching as in our venlafa-
xine study (Bares et al., 2008). Since a previous study with
randomized clinical trial design employed a wash-out and
a placebo lead-in period prior to enrollment (Cook et al.,
2002) and detected similiar sensitivity, specificity and pre-
dictive values as a study without a wash-out period (Cook
et al., 2005), we supposed that the wash-out period might
not be essential for the correct detection of prefrontal
cordance change in patients with a new antidepressant
intervention.

Third, we did not include placebo control arm because
Institutional Review Board of Prague Psychiatric Centre
would not have approved a placebo-controlled study in the
treatment of resistant patients.

Fourth, the raters were not blind to medication; however,
they were blind to EEG results during the study. Next, the
relatively small sample size could be a further limitation.
Nevertheless, our sample size calculation was based on
effect sizes observed in previous studies (Bares et al., 2007,
2008) and post-hoc effect size (w) estimated from this
sample for response was in the large range (Cohen, 1988).
Final limitation of our study is that we did not record EEG in
the end of study in all patients as it was not a part of our a
priori hypothesis. We collected EEG records after finishing
the study only in responders in the framework of another
study (not yet published) evaluating stability of various EEG
parameters in responders to acute treatment. Calculating
cordance value we found four responders who did not reduce
cordance after finishing the study. Two responders with
increase of cordance value after week 1 continued as
cordance non-reducers. Since a previous study has demon-
strated a different pattern of cordance changes in placebo
responders (increase of cordance value) in comparison with
medication responders after 4 weeks of treatment, cordance
changes might possibly differentiate true medication respon-
ders and false (placebo) medication responders (Leuchter
et al., 2002). However, there is no clear evidence supporting
such approach in individual patients.

Despite the limitations of this and other cordance studies
the early change of cordance value remains a promising tool
in the prediction of antidepressant response. The data of our
study together with the results of previous clinical trials
(Cook et al., 2002, 2005; Cook and Leuchter, 2001; Bares
et al., 2007, 2008) suggest usefulness of this method in the
decision whether to stop or continue with a given AD and thus
to reduce the period of ineffective treatment.

There is a clear need of cordance studies combined with
some neuroimaging or other neurophysiological methods to
clearly determine physiological or pathophysiological mean-
ings of cordance. This approach and combination or
comparison of cordance with other potential predictors of



The change of prefrontal QEEG theta cordance as a predictor of response to bupropion treatment 465

response will define the role and significance of cordance in
clinical practice.
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Abstract BACKGROUND: QEEG cordance and low-resolution electromagnetic tomography

(LORETA) are relatively new applications of QEEG. Four small-scale studies have
shown that decreases of QEEG prefrontal theta cordance after the first week on
new antidepressants predict clinical response to treatment in patients with unipo-
lar depression.

METHODS: We calculated prefrontal theta cordance and changes in 3D distribu-
tion of brain electrical activity using LORETA in the case of a 54-year old man
experiencing his third depressive episode.

RESULTS: We did not detect a decrease of prefrontal theta cordance after one
week of new treatment and the patient did not respond to this therapy after four
weeks. However, we observed a decrease of prefrontal theta cordance after the
first week of clomipramine therapy. Manic symptoms emerged after two weeks
of clomipramine treatment. A decrease of prefrontal theta cordance preceded the
clomipramine induced switch to hypomania during the next episode of depression
also. LORETA before and during clomipramine therapies detected a significant
increase of theta in the right postcentralis gyrus in the parietal lobe, and a border-
line increase of alfa2 in the right middle frontal gyrus.

DISCUSSION: In a patient with bipolar spectrum disorder we found that a treefold
change in theta prefrontal cordance preceded mood changes in a similar way as
in patients with unipolar depression. We speculate that the changes detected by
LORETA can attributed to the anticholinergic activity of clomipramine and the
specific effects of a mood switch. Our data suggest that the new applications of
QEEG can be sensitive to mood changes and have potential in bipolar disorder
research.

..................................................................................................
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Abbreviations and units:

BA - Brodmann area

BD - Bipolar Depression

BDI-SF - Short Form of Beck Depression Inventory

cal - Clinical Global Impression

EEG - electroencephalography

fMRI - functional Magnetic Resonance Imaging
LORETA - Low Resolution Electromagnetic Tomography
MADRS - Montgomery-Asberg Depression Rating Scale

mg - milligram

miU/I - milli-International Units per liter

mmol/l - millimol/liter

PET - Positron Emission Tomography

QEEG - Quantitative Electroencephalography

rTMS - repetitive Transcranial Magnetic Stimulation
SPECT - Single Photon Emission Tomography

SSRI - Selective Serotonin Reuptake Inhibitor

TCA - tricyclic antidepressant

YMRS - Young Mania Rating Scale
INTRODUCTION

The switch to hypomania/mania during treatment of
unipolar depressive disorder with antidepressants was
described with frequencies occurring between 0-22.4%
[30,45]. Using the criteria of the Diagnostic and Sta-
tistical Manual of Mental Disorders, Fourth Edition
(DSM-IV), these patients are diagnosed with a manic
or hypomanic episode associated with antidepressants.
Some authors have proposed that these patients should
be classified in the bipolar spectrum [1,30], while oth-
ers do not [7]. Antidepressant induced switch to hypo-
mania/mania are estimated to occur in 0-84.2% patiens
with bipolar depression (BD) [4,24]. Swich phenome-
na have been described during treatment with almost
every antidepressant modality even nonpharmacologi-
cal ones [5,16,61,63].

The neurobiologic basis of a drug induced switch is
unknown, as is a spontaneous switch to mania. Anti-
depressant-related switches could be considered a sub-
type of switches [14], occurring in predisposed individ-
uals because of the eliciting action of antidepressants
[57]. The switch to mania after specific antidepressant
treatment could reflect an endophenotype which could
be composed of a more homogenous group of patients
than the phenotype of bipolar disorder.

In this study, we present a case series of antide-
pressant induced switches together with detected elec-
trophysiological changes. We used two types of new
EEG analyses (theta QEEG cordance and Low Resolu-
tion Electromagnetic Tomography — LORETA) to de-
scribe EEG changes before the switch to mania.

QEEG cordance is a new EEG method, that com-
bines complementary information from the absolute
(the amount of power in a frequency band at a given
electrode) and relative power (the percentage of power
contatined in a frequency band relative to the total
spectrum) of EEG spectra. Cordance combines these
parameters to achieve a stronger association with cere-
bral perfusion than either measure alone. Of the three

QEEG measures (absolute power, relative power, and
cordance) examined, cordance had the strongest rela-
tionship with perfusion [40].

LORETA is a neurophysiological method, that al-
lows truly three-dimensional tomography of brain elec-
trical activity [51].

QEEG techniques

Nineteen surface electrodes were placed according to
the international 10/20 system (Fpl, Fp2, F7, F3, Fz,
F4, F8, T3, C3, Cz, C4, T4, T5, P3, Pz, P4, T6, O1 and
02), with all electrode impedances kept below 5 kQ.
We used the BrainScope amplifier system (unimedis,
Prague), with the Cz as a reference electrode. The EEG
was recorded with the patient in a semi recumbent po-
sition, with eyes closed in a maximally alert state in a
sound-attenuated room with subdued lighting. The
data, 30 minutes in duration, were collected with an
on-line computer system. All signals were sampled with
a frequency of 250 Hz with 0.5-70 Hz filters, and the
data were stored for further computer oft-line analysis.
Before analysis of the data, artifact detection was per-
formed visually with the exclusion of all EEG segments
which contained obvious eye and head movements,
muscle artifacts or decrease of alertness. After re-com-
putation to average reference, spectral analysis was per-
formed for at least 30s of artifact-free data. The cross-
spectra were averaged across the overlapping windows
which yielded into seven frequency bands delta (1.5-
6 Hz), theta (6.5-8 Hz), alpha-1 (8.5-10 Hz), alpha-2
(10.5-12 Hz), beta-1 (12.5-18 Hz), beta-2 (18.5-21 Hz)
and beta-3 (21.5-30 Hz) [37].

Theta prefrontal cordance and LORETA analysis

According to previous studies [8-10,17,39], average
cordance values from three frontal electrodes (Fp1, Fp2
and Fz) in theta frequency band (4-8 Hz) were subject-
ed to statistical analysis.

Subsequently, LORETA was used to estimate chang-
es in 3D intracerebral current density distribution. LO-
RETA 3D images were compared with voxel-by voxel
t tests, resulting in t statistic 3D images. In these im-
ages, cortical voxels of statistically significant differenc-
es were identified by a nonparametric approach using
a randomization strategy that determined the critical
probability threshold values for the actually observed
statistic with corrections for multiple testing of single
voxels. Only the voxels with t-values, that exceeded the
critical threshold for p = 0.05 were taken into account.
Statistical analysis of LORETA data was made by the
comparison (by paired t-tests of log-transformated LO-
RETA power spectra) of two EEG recordings in the clo-
mipramine treatment (after 1st week of 1stand 2nd clo-
mipramine therapy, before switch to mania) with two
EEG recordings in the depressive episode, before clo-
mipramine therapy.
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Table 1. Clinical characteristics and EEG cordance before and after switch to 1st episode of mania. Yellow color marks how change in theta
frontal cordance after one week on new medication predict mood change.

Scales Treatment and scores in scales
Baseline Ven Ven Clo Clo

scores 15t week 4th week 15t week 2nd week Li+Ris
MADRS 24 30 25 25 4 0
CGI-D 4 5 4 4 1 1.4%
BDI-SF 16 20 16 16 2 0
YMRS X X X X 12 24
cordance value 0.63 0.66 (1) 0.83 (1) 077 () X X

MADRS, CGI-D - Depressive - Clinical Global Impression scale, * - Mania - Clinical Global Impression Scale, BDI-SF - Beck Depression
Inventory - Short Form [11], YMRS - Young Mania Rating Scale [64], Clo - clomipramine, Li - lithium, Ris - risperidone, Ven - venlafaxine ER,

X - No observed. | - decrease, T - increase

Table 2. Clinical characteristics and EEG cordance before and after switch to 2"d hypomania episode. Yellow color marks how change in
theta frontal cordance after one week on new medication predict mood change.

Scales Treatment and scores in scales

baseline scores 15t week 2nd week 3rd week 4th week

Ser+Li+Ris Clo+Li+Ris Clo+Li+Ris dClo+Li+Ris Ola+Li

MADRS 24 24 8 2 2
CGI-D 4 3 2 1.3% 1.2%
BDI-SF 19 19 11 1 1
YMRS 0 0 14 16 8
cordance value 0.827 0727 (V) 0.687 (V) 0.727(1) 0.757(1)

MADRS - Montgomery-Asberg Depression Rating Scale, CGI-D - Depressive - Clinical Global Impression scale, * - Mania - Clinical Global
Impression Scale, BDI-SF - Beck Depression Inventory — Short Form [11], YMRS - Young Mania Rating Scale [64], Clo - clomipramine, Li -
lithium, Ola - olanzapin, Ris - risperidone, Ser - sertralin, X - No observed, { - decrease, T - increase.

Case report and the change of theta prefrontal
cordance

A 54-year old man experiencing his third depressive
episode was admitted to The Prague Psychiatric Centre
(PPC). His brother suffered from BD 1 and his sister was
healthy. No parent had suffered from mental illness. He
was married, had one son and worked as a teacher in the
high school. He used tamsulosin (an ala-selective alpha
blocker) for treatment of benign prostatic hyperplasia.
His first depressive episode occurred when he was 52
years old, and for which he took citalopram followed by
escitalopram, bupropion and underwent psychothera-
py. He did not reach full remission and was not able
to go back to his work. He had no history of manic or
hypomanic episodes. During his second depressive epi-
sode at age 54, he was treated with mirtazapine 45 mg/
d and amisulpride 50 mg/d. With treatment his mood
improved, but he still did not reach full remission. After
six months of treatment with mirtazapine and amisul-
pride he experienced two months of full recovery, but
than suddenly experienced his third depressive episode
for which he was hospitalized at the PPC. After admis-

sion to the PPC he consented to participate in a clini-
cal study. At The PPC the diagnosis of recurrent major
depressive disorder was evaluated according to DSM IV
criteria and confirmed using The Mini - International
Neuropsychiatric Interview — M.I. N. I., Czech version
5.0.0. [58]. The patient suffered from depressive mood,
abulia, mental slowing, decreased appetite, weight loss,
insomnia, working incapacity and tiredness. He under-
went an EEG examination, baseline mood evaluation
(Table 1) and than started a four week monotherapy
course of venlafaxine ER up to 225 mg/d. No decrease
in theta prefrontal cordance value occurred after one
week of venlafaxine therapy (Table 1), and he did not
reach a significant antidepressant response after four
weeks of therapy (reduction of > 50% in total MADRS
- Montgomery—Asberg Depression Rating Scale [46]).
Subsequently, the therapy was changed to clomip-
ramine given up to 100 mg/d by the intravenous route
given along with oxazepam 30 mg/d and nitrazepam
5mg/d. After the first week of the clomipramine ther-
apy was started, prefrontal cordance decreased (Table
1). The mood switched to mania in the second week
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Figure 1.Images of voxel-by-voxel t-statistic of brain regional electrical activity using LORETA, comparing before-after one
week clomipramine power density in patient in theta and alfa 2 band. An increase of current density after clomipramine
isindicated by red. Upper figure shows an increase of current density in the alfa2 band in the Middle Frontal Gyrus,
Brodmann area 9 (X= 46, Y= 24, Z= 36), lower figure shows an increase of current density in the theta band in the
Postcentral Gyrus, Parietal Lobe, Brodmann area 2, (X= 53, Y=-25, Z= 43). Structural anatomy is shown in gray scale (white-
to-black). Left: axial slices, seen from above, nose up; center: sagittal slices, seen from the left; right: coronal slices, seen
from the rear. The extreme t-values are given as (X,Y,Z) coordinates in Talairach space, and are graphically indicated by
black triangles on the coordinate axes. Talairach coordinates: X from left (L) to right (R); Y from posterior (P) to anterior (A);

Z from inferior to superior.

of clomipramine treatment. The patient was euphoric,
hyperactive and talkative. He had a decreased need for
sleep, described racing thoughts and his behavior was
deliberate and inappropriate (he wore women’s clothes
as he walked around the hospital). He was transferred
to a locked psychiatric unit, tapered oft clomipramine
and started antimanic treatment. Manic symptoms dis-
appeared after six weeks of lithium (900 mg/d) and ris-
peridone (5 mg/d) therapy. The patient was in full re-
mission for the next four months after which the next
depressive episode started. His psychiatrist added ser-
traline 200 mg/d to lithium (900 mg/d) and risperidone
(2 mg/d). Six-weeks of outpatient sertraline therapy had
no effect and the patient was rehospitalized in PPC. The
symptoms were same as in the previous depressive epi-
sodes (Table 2). His lithium plasma level was within the
therapeutic range (0.69 mmol/l) and elevation of plas-
ma prolactin (675 mIU/I) was consistent with low dose
risperidone therapy [34]. After unsuccessful treatment
of the depression with sertraline, it was decided use an

oral form of clomipramine. The patient was informed
that during clomipramine therapy, he was at risk of the
induction of hypomania/mania but that use of lithium
and risperidone could reduce this risk [12,48]. The pa-
tient agreed to have clomipramine therapy and further
EEG assessments. Thus oral clomipramin 100 mg/d was
added to lithium (900 mg/d) and risperidone (2 mg/d).
After one week of clomipramine therapy, we observed
a decrease of theta prefrontal cordance and further de-
creased two weeks later (Table 2). During the second
week of this clomipramine therapy, morning tiredness
promptly disappeared and the first signs of the switch
to hypomania occurred (the patient was hyperactive,
cheerful and talkative). In the third week clomipramine
was decreased to 50 mg/d and the theta prefrontal cor-
dance increased. Due to continuing mood elevation, we
tapered the patient off clomipramine and switched the
risperidone to olanzapine. A week after this new treat-
ment, theta prefrontal cordance increased again and
mood was euthymic during next eight weeks.
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Table 3. Affinity of antidepressants used in the case

Human sexuality and sex steroids

NE 5- HT DA Alfa-1 H1 M
escitalopram +/- 4+ 0 +/- +/- +/-
citalopram +/- +++++ 0 + + +/-
bupropion 0 +/- + +/- +/- 0

+H++++
sertraline + +++ ++ 0 +
venlafaxine + ++++ +/- 0 0 0
Mirtazapine +/- 0 0 + 4 +
Clomipramine +++ ++++++ +/- +++ +4++ 4+

NE= norepinephrine; 5- HT= serotonin; DA= dopamine, Alfa-1 = alpha adrenergic, H1 = h istaminic, M = muscarinic; ++++++=most potent;

+/-=weak effect; 0 = no effect. Addapted from [50,55]

LORETA changes

We also used LORETA analysis changes before and
after the first week of the first and second clomip-
ramine treatment phases to elucidate electrophysiolog-
ical changes that preceded the switch to mania/hypo-
mania. We combined data from both trials to increase
power. We found significant increases in the theta band
(p=0.002) in the right parietal lobe (postcentral gyrus,
Brodmann area — BA 2) and borderline increases of
alfa2 in the right middle frontal gyrus (BA 9) p= 0.056
(Figure 1).

DISCUSSION

To the best of our knowledge, this is the first descrip-
tion of the application of theta prefrontal cordance to
the study of patients with bipolar disorder. The absence
of a prefrontal theta cordance decrease after venlafax-
ine therapy in our patient predicted non-response, in
agreement to previous studies in patients with unipolar
depression [8-10,17,18]. Further therapy with intrave-
nous clomipramine was associated with a decrease of
theta prefrontal cordance and a switch to mania which
occured a week later. Previous reports have described
that decreases in prefrontal theta cordance predict an-
tidepressive responses to drugs [8-10,17,18] and rTMS
[36]. Increase of prefrontal theta cordance was associ-
ated with placebo response [39] and or dissimulation
[35]. However, no reference to a switch to mania was
mentioned. The patient was treated with lithium and
risperidone as antimanic therapy and later as mood
stabilizing therapy, but this combination did not pre-
vent a further depressive episode. We were not sure that
the switch was due to clomipramine induced mania, a
spontaneous switch to mania with random co-occur-
rence, or a switch after benzodiazepine medication
[19,26].

A second trial with oral clomipramine treatment
induced hypomania despite the possibility that lithi-
um and risperidone might be effective in the preven-
tion of mania, because it has been effective as an anti-

manic treatment before. The lithium plasma level was
stable, and the patient treated with 2 mg/d of risperi-
done, a lower dose than used during the acute treat-
ment of mania. In our opinion, the second occurrence
of hypomania during clomipramine therapy excluded
the possibility of a spontaneous switch to hypomania
or a benzodiazepine induced mania, and made clomip-
ramine more probable as a causal agent of the switch.
Also after the first and second depressive episodes, no
spontaneous switch occurred during treatment with
antidepressants. For both manic episodes, the switch
was preceded by a decrease of prefrontal theta cordance
(Table 2). Rather than measurement of absolute value
previous studies have used a decrease in theta prefron-
tal cordance after treatment with a new drug to predict
response, and a non-decrease to predict non-response
[8-10,17,18].

It is not clear which brain processes underlie de-
creases of theta prefrontal cordance. Previous human
studies suggest that theta band reflects the actitivity
of anterior cingulate gyrus [6,54], that support recent
EEG and default mode fMRI study [59]. Abnormity in
anterior cingulate gyrus in patients with mood disor-
ders were detected using structural MRI [28] and PET
[20]. Responders and nonresponders to antidepressants
treatment had different frontal theta activity using EEG
[47,53], glucose metabolism [44] and blood flow using
fMRI [27,29] or SPECT [38] in anterior cingulate gyrus.
Based on this data, we suppose that the change of theta
prefrontal cordance might be the main correlate of early
activity changes in the anterior cingulate.

The patient did not experience manic symptoms
after receiving escitalopram, citalopram or bupropi-
on, which act as serotonin reuptake inhibitors and a
norepinephrine-dopamine reuptake inhibitor (Table
3). We did not observe a switch to mania after sertra-
line or venlafaxine which act as a serotonin and a weak
dopamine reuptake inhibitor and serotonin-norepi-
nephrine reuptake inhibitor respectively, and which
have no antihistaminic or significant anticholinergic
activity [55]. The switch to mania did not occur after
mirtazapine therapy which increases serotonin via ac-
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Table 4. - EEG cordance and EEG findings in patients with unipolar depression after 1 week of antidepressant, in patient with clomipramine
induced mania/hypomania and in healthy controls after acute intravenous application of scopolamine and during drug induced euphoria

EEG cordance LORETA EEG
Patients with unipolar depression Reduction predicts later Decrease of theta band in BA 8,
response. 9[13]

Absence of reduction predicts
non-response.

Patient with
switch after clomipramine

Reduction preceded twice early
switch to mania/hypomania.

Absence of reduction preceded
once no antidepressant effect.

1) marginal increase of the
alpha-2 band in BA 9

2) an increase in the theta band
in the right parietal lobe

healthy volunteers after
scopolamine intake [33]

1) a decrease of the alpha-2
band, mainly over frontal regions
2) Increased delta and theta
activity in central and parieto-
occipital regions

healthy volunteers after alcohol
induced euphoria intake [43]

increase of the frontal alpha

tivity on presynaptic a2-noradrenergic receptors and
blocks 5-HT2A and histamine receptors [55] or after
the addition of low doses of amisulpride, a drug that in-
creases dopamine in prefrontal cortex [60].

Clomipramine has a high affinity for serotonin reup-
take inhibition, high antagonistic activity on histamine
HI1 and muscarinic acetylcholine receptors, and me-
dium affinity for norepinephrine reuptake inhibition
[55]. The antihistaminic activity is not related to an an-
tidepressive effect but blockade of muscarinic receptors
may be related to an antidepressant effect [22,31,32].

We speculate that the anticholinergic activity of clo-
mipramine played a role in the switches to hypoma-
nia/mania in our patient. A recent study demonstrat-
ed antidepressant activity for an anticholinergic drug
- scopolamine in depressive patients [22] and another
showed reduced muscarinic type 2 receptor binding in
the anterior cingulate in patients with bipolar disorders
[15]. These studies have caused renewed interest in the
acetylcholine hypothesis in affective disorder [31,32].
Anticholinergic drugs such as scopolamine have been
recently studied in healthy volunteers, mainly to evalu-
ate cholinergic hypothesis of Alzheimer diseases using
QEEG. These studies detected increased delta and theta
activity in central and parieto-occipital regions [33,56]
that agree with our observation of an increase in the
theta band in the right parietal lobe using LORETA.
This change seems more related to an anticholinergic
effect of clomipramine.

Of course we could not rule out synergic effect be-
tween anticholinergic activity and norepinephrine and/
or serotonine reuptake inhibition during clomipramine
use. This is a typical receptor profile of tricyclic antide-
pressants (TCA). TCA are associated with an increased
risk of switch to mania during treatment of bipolar de-
pression than treatment with other antidepressants

[25,52]. TCA is also probably associted with induc-
tion of rapid cycling in patients with bipolar disorder
[3,62].

A decrease of the alpha-2 band, mainly over fron-
tal regions, was detected in healthy volunteers after sco-
polamine administration [21,33]. We observed a mar-
ginal increase of the alpha-2 band, using LORETA,
that indicated a reaction to the clomipramine treat-
ment in our patient or a prospective sign of a pending
manic/hypomanic state. However, we interpreted these
changes carefully, due to a marginal statistical effect.
Nevertheless, we did not detect similar changes in pa-
tients with unipolar depression after one week of anti-
depressant treatment using LORETA [13]. This lack of
change suggests that this effect is not connected to an
antidepressant response in patients with unipolar de-
pression, and could be potentially connected with clo-
mipramine induced mania/hypomania (table 4). In-
creased frontal alpha activity were detected in alcohol,
cocaine and mariuhana induced euphoria [41-43] that
indicate possible association between increased frontal
alpha and switch to mania. Moreover, abnormalities in
the right frontal cortex were described during second-
ary [23,49] and primary mania [2] and recently were
observed changes in glucose metabolism in the frontal
cortex during a switch to mania after subthalamic deep
brain stimulation [61].

We are aware of the difficulty generalizing from a
case report and the necessity to confirm our findings in
large controlled study. Nevertheless, the data from our
case report should indicate more extensive research for
this new application of QEEG as cordance or LORETA
in patients with bipolar disorder. Our data suggest that
the new application of QEEG can be sensitive to mood
changes and have potential in the research of bipolar
disorder. The advantage of QEEG, being that it uses a
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conventional EEG recorder and so has a larger potential
for application in clinical practice than functional MRI,
PET or SPECT.

Anticholinergic mechanisms could play a role in
some patients with TCA-induced switches and this in-
formation could be used to find a more homogenous
population for genetic studies in patients with BD. In
our case, we did not see a prophylactic effect of lithium
on the switch, which is in agreement with other stud-
ies that did not find a prophylactic effect of lithium in
TCA-induced switches and for that lithium is less ef-
fective in the case of the rapid cycling that can also be
induced by TCA.

CONCLUSION

This case report is interesting from four points of view:
i) It presents repeated switches to mania/hypomania
after clomipramine therapy in which antimuscarinic
activity could play a role, ii) it shows that theta prefron-
tal cordance can precede changes in mood not only in
unipolar depression but in bipolar depression too iii) it
shows that changes detected by LORETA in the parietal
cortex seems to reflect antimuscarinic activity and iv) it
allows speculation that changes in activity in the right
frontal cortex indicate an area responsible for switches
to hypomania/mania.
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Abstract OBJECTIVES: Ketamine and other NMDA (N-methyl-D-aspartate) antagonists

produce fast-acting antidepressant-like effects, although the underlying mecha-
nism is unclear. Furthermore, high affinity NMDA antagonists such as ketamine
are associated with psychotomimetic effects. To date the link between the anti-
depressant and psychotomimetic effects of ketamine has not been explored. We
examined the relationship between the antidepressant and psychotomimetic
effects of a single ketamine infusion in subjects diagnosed with major depressive
disorder.

METHODS: In a double-blind, cross-over, placebo-controlled, two weeks clinical
trial we studied the effects of ketamine (0.54 mg/kg within 30 min) in a group of
27 hospitalized depressive patients.

RESULTS: Higher intensity of psychotomimetic symptoms, measured using BPRS,
during ketamine administration correlated with alleviation in mood ratings dur-
ing the following week with maximum on day seven. Ketamine was superior to
placebo in all visits (day 1, 4, and 7) assessed by MADRS with effect size (Cohen s
d) of 0.62, 0.57, and 0.44 respectively. There was no significant correlation between
ketamine and nor-ketamine plasma levels and MADRS score change at any study
time point.

CONCLUSION: The substantial relationship between ketamine’s antidepressant
and psychotomimetic effects was found. This relationship could be mediated by
the initial steps of ketamine’s action, trough NMDA receptors, shared by both
ketamine’s clinical effects.

Abbreviations:

BPRS - Brief Psychiatric Rating Scale

GC-MS - Gas Chromatography-Mass Spectrometry
HDRS - Hamilton Depression Rating Scale

ITT - intent-to-treat

LLOQ - lower limit of quantification

LOD - limit of detection

MADRS - Montgomery-Asberg Depression Rating Scale
M.LNLIL - Mini-International Neuropsychiatric Interview
NMDA - N-methyl-D-aspartate
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INTRODUCTION

The antidepressant effect of the dissociative anesthetic
ketamine has been increasingly studied over the last
ten years (Berman et al. 2000; Zarate et al. 2006; Diaz-
Granados et al. 2010a). Ketamine and other NMDA
(N-methyl-D-aspartate) antagonists produce fast-
acting antidepressant-like effects, although the under-
lying mechanism is unclear (Dazert & Hall 2011).
Furthermore, high affinity NMDA antagonists such as
ketamine, are associated with psychotomimetic effects
(Skolnick 1999; Johnson et al. 2013). To date, the link
between the antidepressant and psychotomimetic
effects of ketamine has not been examined.

Depending on the individuals, their expectations,
the setting and the dose, ketamine produces a wide
range of psychotomimetic states (Dalgarno & Shewan
1996). Dissociative anesthetics mimic the positive and
the negative symptoms (social withdrawal and apathy)
of schizophrenia through antagonism at NMDA glu-
tamate receptors (Krystal et al. 1994; Anis et al. 1983).
These effects are usually mild to moderate at subanes-
thetic doses, although they can be more pronounced
in a minority of cases (Murrough 2012). The intensity
of these alterations of consciousness and perception is
dose-dependent (Vollenweider & Kometer 2010). It is
often claimed that the psychotomimetic effects of ket-
amine may limit clinical use, despite its reported effi-
cacy (Skolnick et al. 2009).

The improvement associated with ketamine infu-
sion reflects a lessening of core symptoms of depression
and is disconnected from ketamine-induced psychoto-
mimetic symptoms (Berman et al. 2000). Zarate et al.
reported that the higher change in positive BPRS (Brief
Psychiatric Rating Scale) symptoms during ketamine
infusion have trended to predict a greater decrease in
Hamilton Depression Rating Scale (HDRS) scores the
next day (Zarate et al. 2006). The pharmaceutical indus-
try has tried to develop new NMDA antagonists with
antidepressant, without provoking psychotomimetic
symptoms, and the relationship between these two fac-
tors has yet to be examined.

The purpose of our study was the evaluation of ket-
amine’s antidepressant properties, and to determine the
link between the antidepressant and psychotomimetic
effects. We also examined the role of plasma levels of
ketamine and its metabolite nor-ketamine. A priori
we hypothesized that the single infusion of ketamine
in subanesthetic dose induces a higher decrease in
depression scale score than placebo infusion. We also
hypothesized greater antidepressant effect in subjects
with more psychotomimetic effects during the infusion.

MATERIAL AND METHODS
Subjects

Right-handed ketamine-naive inpatients aged between
18 and 65 years old with major depressive disorder

(recurrent or single episode) diagnosed according to
DSM-IV criteria (Thakurta et al. 2012), established
by means of the Mini-International Neuropsychiatric
Interview (M.IN.I.) (Sheehan et al. 1998), Czech ver-
sion 5.0.0 were assessed for study eligibility. Subjects
were included who reached at least the total score of
20 on the Montgomery-Asberg Depression Rating Scale
(MADRS) (Montgomery & Asberg 1979). All patients
were hospitalized at the Department of Affective Dis-
orders of Prague Psychiatric Centre between December
2009 and December 2011. All subjects were on a stable
dose of antidepressant medication for a minimum of
three weeks prior to admission and remained on the
same medications and dosages throughout the duration
of the study (Table 1). Exclusion criteria were: any sui-
cidal risk assessed by clinical examination, current psy-
chiatric comorbidity on Axis I and II, serious unstable
medical illness or neurological disorder (e.g. epilepsy,
head trauma with loss of consciousness), lifetime his-
tory of psychotic symptoms and psychotic disorder in
first- or second-degree relatives and electroconvulsive
therapy within 3 months before the start of the study.
The study was approved by the Prague Psychiatric
Centre Institutional Review Board and was performed
in accordance with the ethical standards laid down in
the Declaration of Helsinki 1975, revised Hong Kong
1989. Written informed consent was obtained from all
subjects before inclusion in the study. The study was
registered with the European Clinical Trials Database
(EudraCT number 2009-010625-39).

Study design and procedures

In this two week, double-blind, placebo controlled,
crossover study each participant attended one ketamine
and one placebo session in a randomized order in one
week intervals. Both sessions were performed at the
same time from 8 a.m. to 10 a.m. A unilateral intrave-
nous catheter was inserted into the subjects’ forearm for
ketamine infusion. Racemic ketamine hydrochloride
(Calypsol, Gedeon Richter Plc., Czech Republic) or a
placebo (0.9% saline solution) was administered into
the right cubital vein using an infusion pump (ID 20/50,
Polymed medical CZ Ltd). Ketamine was administered
in a loading dose of 0.27 mg/kg for the first 10 min, fol-
lowed by a maintenance infusion of 0.27 mg/kg within
20 min. These infusion rates were calculated with
respect to the pharmacokinetics of ketamine (Hetem et
al. 2000; Horacek et al. 2010) in order to: (a) produce
stable ketamine blood levels, (b) apply a total dose
very close to clinical studies in depression (Berman et
al. 2000; Zarate et al. 2006), and (c) maximize safety
by using a loading dose over 10 min. Ketamine has an
elimination half-life of 2 to 2.5 hours with a distribu-
tion half-life of 10 to 15 min when given parenterally.
To measure ketamine and nor-ketamine serum levels,
2 ml of vein blood was sampled from the left arm 5 min
before and 10 and 30 min after the beginning of the
infusion.
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The possibility of occurrence of side effects such
as vivid dreaming, floating sensations, dizziness and
blurred vision were explained before treatment and
subjects were assured that if the occurred, they would
be temporary. Each participant was interviewed and
evaluated with the Brief Psychiatric Rating Scale
(BPRS) (Overall & Donald 1962) before and 30 minutes
after the ketamine/placebo infusion. During and three
hours after the session each subject was monitored for
any adverse effects.

The subjects were assessed by MADRS, at baseline
and subsequently one, four and seven days after each
session. Ratings were made by two independent expe-
rienced clinical psychiatrists who were trained to the
criterion of the intra-class correlation >0.80 for each
clinician prior to conducting the ratings.

The primary outcome measures for the study were
MADRS score change at day 1,4 and 7 between ketamine
and placebo. The secondary outcomes included response
rates (defined as equal to or more than a 50% reduction
of the MADRS score) and plasma levels of ketamine
and its metabolite nor-ketamine during ketamine infu-
sion (baseline, 10 minutes, 30minutes of the infusion)
between ketamine and placebo at the same time points.

Gas Chromatography-Mass Spectrometry (GC-MS)

The GC-MS toxicological method was developed and
validated according to international standards (Penders
& Verstraete, 2006) for determination of ketamine and
nor-ketamine serum levels. The analytical standards
nor-ketamine, ketamine and deuterated ketamine (ket-
amine-D4), supplied as hydrochlorides from Cerilliant,
USA, were used for toxicological analyses. For quanti-
tation, the internal standard method was applied using
ketamine-D4. Isolation of analytes from blood serum
samples was performed using SPEC-DAU discs and
analyses were performed with acetyl derivatives using
an HP 6890-5973 instrument (Agilent, Germany) oper-
ating in electron impact single ion monitoring (SIM)
mode. The lower limit of quantification (LLOQ) for
ketamine was 50 ng/ml and for nor-ketamine 8 ng/ml.
The limit of detection (LOD) for ketamine was 20 ng/ml
and for nor-ketamine 1 ng/ml (Horacek et al. 2010).

Statistical analyses

Data are expressed as means (standard deviation) or in
the case of non-Gaussian distributed measures as medi-
ans (inter-quartile range). The baseline clinical data of the
groups according to the treatment sequence were com-
pared using the Mann-Whitney test or unpaired t-test,
and by Fisher’s exact test. The primary efficacy analyses
were based on a modified intent-to-treat (ITT) data set,
which was defined as the subset of patients who com-
pleted a baseline and at least one post-baseline visit after
the cross-over. A general linear model for a two-period
crossover design with BPRS change during ketamine
infusion as a covariate, sequence (placebo-ketamine, ket-
amine-placebo) as a between-subjects factor, and period

Relationship of ketamine’s antidepressant and psychotomimetic effects

(week 1, week 2), treatment (ketamine, placebo) and
time (baseline, day 1, day 4, day 7) as the within-subjects
factors followed by Bonferroni post-hoc tests was used
to compare the changes in MADRS between ketamine
and placebo over the study period All repeated measures
effects are reported with the original degrees of freedom
and Greenhouse-Geisser corrected p-values. The differ-
ences between treatments were expressed as both the
mean score change treatment difference with 95% con-
fidence intervals and Cohen’s d. Prescott’s test for cross-
over trials with binary outcomes was used to test for a
treatment difference in response rate (>50% reduction
in MADRS) at day 1, 4 and 7. These associations were
analysed by Pearson’s correlation coefficient: a) between
BPRS score change during ketamine administration
and MADRS score change at day 1, 4 and 7; b) between
ketamine and/or nor-ketamine plasma levels and
change in psychometric scales. The statistical analyses
were performed using Statistica 9.0 (StatSoft, Inc.).

RESULTS
Demographics

Thirty-eight subjects were screened, of whom 30
depressive subjects who met the inclusion criteria and
agreed to participate, were randomized by a flip of a
coin (Kishimoto et al. 2012). Eight subjects were not
included, four of them had comorbidity on Axis I, one
of them had a MADRS score under twenty points, three
of them decided not to participate. Eleven subjects
received ketamine and nineteen received the placebo
in Week 1. Two subjects discontinued the study due to
a worsening of their depression after the placebo infu-
sion and one subject did not receive ketamine after the
placebo infusion (Week 2) because of a maintained
placebo response for the week (Figure 1). Thus, twenty-
seven patients received the intended treatment and were
included in all analyses (intention-to-treat analysis;
ITT), 9 of whom were randomized into the K-P group
and 18 into the P-K group. In five patients who did not
complete all of the visits after crossover analyses were
performed using the last observation analysis (LOAN)
(Figure 1). The K-P and P-K groups differed in MADRS
scores at baseline (t=2.23, df=25, p=0.03). Otherwise,
both groups were comparable under the relevant demo-
graphic and clinical characteristics (Table 1).

Adverse effects

Ketamine was well-tolerated and no serious adverse or
side-effects (other than the expected acute psychotomi-
metic effect) occurred during the study. Typical effects
occurring at subanesthetic doses of ketamine were
dissociation/perceptual disturbances, confusion, mild
increases in blood pressure, emotional blunting and
euphoria. The majority of these effects ceased within
30 minutes after the ketamine infusion. In no case did
emotional blunting, euphoria or dissociation persist
beyond 60 minutes.
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Tab. 1. Demographic and outcome data according to the treatment sequence.

ketamine first (K-P) placebo first (P-K) Statistical
(n=11) mean = SD (n=19) mean * SD significance level
Age (years) 42.2+15.1 44.6+10.9 NS a
Gender (M : F) 5:6 10:9 NS b
Duration of depressive disorder (years) 10.249.4 10.4+8.3 NS¢
Duration of current episode (months) 11.249.9 11.6£11.5 NS ¢
Number of previous psychiatric hospitalizations 2.2+1.2 3.6+2.4 NS¢
Baseline MADRS score 20.4+4.7 24.6+4.8 p=0.04 ¢
Treatment before enrolment SSRI (n=2) SSRI (n=2) NA
NaSSA (n=1) NaSSA (n=2)
SNRI (n=1) SNRI (n=3)
AD comb. (n=5) AD comb. (n=7)
AD augm. (n=2) AD augm. (n=5)
BZD (n=6) BZD (n=7)

a Student's t-test; b Fisher Exact Test; ¢ Mann-Whitney U Test; NA - not applicable; NS - not significant; AD - antidepressant; NaSSA -
Noradrenergic and Specific Serotonergic AD; SNRI - Serotonin-Norepinephrine Reuptake Inhibitor; AD comb. - various combinations of AD;
AD augm. - augmentation of AD with atypical antipsychotics; BZD - benzodiazepines

Screened
n =38 Excluded
(unfulfilled Inclusion Criteria,
¢ MADRS score < 20,
subject's decision)
Randomized n=8
n=30
Ketamine hydrochloride
n="1 Week 1 Placebo (saline solution)
Excluded (depression worsening) n=19

n=2

v .

Ketamine hydrochloride

Placebo (saline solution) n=19
n=9 Week 2 Not crossed-over (placebo response)
n=1
Intent to Treat Intent to Treat
n=9 n=18
Completers Analysed Completers
n=7 n=15

Fig. 1. Patient flow chart
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Efficacy

General linear model revealed a treatment effect
(F(1,24)=5.87, p=0.03), time effect (F(3,72)=5.58,
p=0.002) and treatment to time interaction
(F(3,72)=4.11, p=0.01) irrespectively to effect
of sequence (F(1,24)=2.05, p=0.17) and period
(F(1,24)=3.49, p=0.07), i.e. there were no significant
carry-over effects. BPRS score change as a covariate
did not achieve statistical significance (p=0.10). In post
hoc analysis superiority of ketamine over placebo at all
post-infusion visits was found (day 1: p<0.001 day 4:
p=0.002; day 7: p=0.02). The mean MADRS total score
change differences were 5.7 (95%CI 3.4-7.9) at day 1,
4.7 (95%CI 2.5-7.0) day 4 and 4.0 (95% CI 1.8-6.2) at
day 7 (Figure 2). Effect sizes (Cohen’s d) were 0.62 at
day 1, 0.57 at day 4, and 0.44 at day 7.

Comparison of categorial responses to the placebo
vs. ketamine showed a significantly higher number of
responders to ketamine compared to the placebo at
day 1 (ketamine n=10 (37.0%), placebo n=1 (3.7%);
Prescott’s test, p=0.008) at day 4 (ketamine n=11
(40.7%), placebo n=1 (3.7%); Prescott’s test, p=0.003)
and at day 7 (ketamine n=10 (37.0%), placebo n=3
(11.1%); Prescotts test p=0.02, respectively). Addi-
tionally, 10 patients were classified as responders to
ketamine on at least two visits and 5 of them remained
responders from day 1 to day 7 in comparison with
none such responder to placebo.

When we analysed association between the BPRS
total score and the MADRS score changes there was a
significant correlation at day 7 (r=-0.40, p=0.04) and
trend toward to significance at day 1 (r=-0.37, p=0.06)
and day 4 (r=-0.36, p<0.07) were found (Figure 3). No
significant correlations were demonstrated when the
same analyses were applied to the BPRS subscales.

Relationship of ketamine’s antidepressant and psychotomimetic effects

Ketamine and nor-ketamine serum levels

Neither ketamine nor its metabolite nor-ketamine was
detectable in the placebo or in the active ketamine
session at baseline. In the case of ketamine infusion,
the serum levels increased after 10 min and 30 min
for ketamine (306+136ng/ml, resp. 237+95ng/ml)
and its metabolite nor-ketamine (11+7ng/ml, resp.
50+21 ng/ml). There were no differences found between
responders and non-responders in ketamine and/or
nor-ketamine serum levels.

Further, no correlations were found between change
in total BPRS score and ketamine or nor-ketamine
plasma levels. Significant correlation was found only
between BPRS Anergia Factor (emotional withdrawal,
motor retardation, blunted affect and disorientation)
and nor-ketamine plasma level after 10 min of infusion
(r=-0.47, p<0.05).

DISCUSSION

To our knowledge, this study is the first a priori to
examine the relationship between psychotomimetic
symptoms and antidepressant efficacy of a single
ketamine infusion in patients with major depressive
disorder.

We found a significant correlation between, the two
temporally distinct ketamine’s effects, the intensity of
transient altered mental function (as measured by the
BPRS score) during ketamine administration and less-
ening of core symptoms of depression (as measured
by the MADRS score) during the following week with
maximum on day seven. The extent of psychotomi-
metic symptoms was similar to that reported in other
ketamine studies of major depressive disorder and
bipolar depression (Diazgranados et al. 2010b). As
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Fig. 2. Superiority of ketamine over placebo at all post-infusion
visits was found (day 1: p<0.001 day 4: p=0.002; day 7: p=0.02).
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Fig. 3. Association between BPRS score change during acute
administration of ketamine and MADRS score change at day
seven, analysed by Pearson’s correlation coefficient (r=-0.40,
p=0.04).

Neuroendocrinology Letters Vol.34 No.4 2013 « Article available online: http://node.nel.edu

105



Peter Sos, Monika Klirova, Tomas Novak, Barbora Kohutova, Jiri Horacek, Tomas Palenicek

noted by others, (Zarate et al. 2006), there was a trend,
but not significance, for an inverse relationship between
HDRS (Hamilton Depression Rating Scale) scores at
day 1 and peak change in BPRS positive symptoms sub-
scale scores.

This study supports previous findings of robust,
rapid (hours), and relatively prolonged (1 week) anti-
depressant action with single dose of ketamine (sum-
marized in Bunney & Bunney 2011). In our study, the
strongest effect size was found at the first day after
infusion during a one week period. When comparing
our results with the study by Zarate et al. (2006), we
found smaller effect-size for the drug difference (0.44
vs. 0.68), but similar magnitude of response rate (37%
vs. 35%) one week after the ketamine infusion.

Both, the intensity of transient altered mental func-
tion (Passie et al. 2003), and improvement in mood
ratings, are dose-dependent and occur with low to
medium doses (Horacek ef al. 2010). In our study, a
moderate correlation was found between BPRS Aner-
gia Factor (emotional withdrawal, motor retardation,
blunted affect and disorientation) and nor-ketamine
plasma level after 10 mins of infusion (r=-0.47, p<0.05).
This can be supported by evidence that ketamine may
primarily induce negative symptoms through its direct
inhibition of the NMDA receptor (Stone et al. 2008).
No correlations were found between psychotomimetic
(positive BPRS) symptoms or depressive symptoms
(MADRS score) change and ketamine or nor-ketamine
plasma levels. This fact supports our hypothesis that the
early ketamine effects initiate subsequent downstream
signalling processes, which are not directly related to
ketamine and nor-ketamine blood levels (Horacek et al.
2010).

The leading neurobiological theory for the antide-
pressant effects of ketamine is that its antagonistic activ-
ity at NMDA receptors leads to diversion of glutamate
signalling to AMPA (a-amino-3-hydroxy-5-methyl-4-
isoxazole propionate) receptors. Increased extracellular
glutamate or serotonin in the prefrontal cortex could
contribute to the psychotropic effects of ketamine
(Skolnick et al. 2010). Furthermore, the incidence of
psychotomimetic effects after administration of NMDA
receptor antagonists appears to correlate with the fol-
lowing factors: 1) the affinity of the drug for the PCP
binding site of the NMDA receptor complex (Korn-
huber & Weller 1997); 2) individuals expectations; 3)
the setting; and 4) the dose of the drug (Dalgarno &
Shewan 1996). In addition, it can be speculated that the
sensitivity of NMDA receptors to ketamine predicts the
acute subjective effects and the outcome of antidepres-
sant treatment.

Several factors limit interpretations of our data.
Despite our sample size was relatively small, in com-
parison with previous randomized, placebo controlled
studies with ketamine (summarized in Bunney &
Bunney 2011), it ranks among the most populated stud-
ies and the effect sizes were relatively large. Consistent

with previous studies, we also used inactive placebo
without psychotomimetic properties, which could have
affected the study blind. Rather than the flip of a coin
a block randomization design with equal sizes of the
sample groups would have been preferable.

CONCLUSION

The results of our study show the substantial relation-
ship between ketamine’s antidepressant and psychoto-
mimetic effects. This relationship could be mediated
by the initial steps of ketamine’s action, trough NMDA
receptors, shared by both ketamine’s clinical effects.
These effects are not directly related to ketamine and
nor-ketamine blood levels. Further studies should
address the question if the sensitivity of NMDA recep-
tors to ketamine predicts the acute subjective effects
and the outcome of antidepressant treatment.
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