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Abstrakt

V teoretickej ¢asti nasej prace poskytujeme sudoby systematicky literarny prehlad
farmakologickych a nefarmakologickych metdd augmentacie elektrokonvulzivnej terapie,
ktoru zhodnocujeme na zaklade troch faktorov — ovplyvnenia vysky zachvatového prahu,
dizky lie¢ebného zachvatu a efektivity EKT meranej pomocou celkového poétu aplikacii

a rychlosti/mnozZstva zmeny skére na pouzitych vyhodnocovacich skalach. Zaroven uvadzame
prehlad moznych rizik a vedlajsich ucinkov, ktoré su s jednotlivymi metédami augmentdcie

spojené.

Vo vyskumnej ¢asti zhodnocujeme vplyv vysokofrekvencénej transkranialnej magnetickej
stimulacie na jednotlivé parametre liecby EKT. Ide o dvojito zaslepenu, placebom
kontrolovanu randomizovanu $tudiu na vzorke 46 pacientov lieCenych EKT pre depresivnu
symptomatiku. Pocas EKT titracie sme zaznamenali signifikantné zniZenie zachvatového
prahu v experimentalnej skupine, ktora bola pred liecbou EKT stimulovana HF rTMS, ide
priemerne o pokles ndboja o 34,55 %, z 34,23 mC na 22,4 mC, p < 0,001 (Wilcoxov test).
Neobservovali sme signifikantny vplyv HF rTMS na dizku zachvatu a efektivitu EKT. Nasa
praca potvrdzuje hypotézu, Ze aplikacia vysokofrekvenénej transkranidlnej magnetickej
stimuldcie tesne pred EKT zniZuje zachvatovy prah, ¢o moéze byt uZitocné u niektorych typov

pacientov.

Klucové slova: augmentacia EKT, rTMS a EKT, zachvatovy prah



Abstract

In the theoretical part of our study, we provide a systematic review of contemporary
methods (pharmacological and non-pharmacological) of ECT augmentation, as scored by
three factors — manipulation of the seizure threshold, length of therapeutic seizures and the
effect on ECT efficacy measured by the total number of ECT sessions and the rate/quantity
of change on used objective/subjective scales. We also provide a summary of possible side

effects and risks associated with the use of respective ECT augmentation methods.

In the research part of our study, we explore the effect of high frequency transcranial
magnetic stimulation on the respective ECT parameters, in a double blinded, placebo
controlled, randomised study on a sample of 46 patients treated for a major depressive
episode. During ECT titration, we registered a significantly lower seizure threshold in the
experimental group, an average decrease in charge by 34.55%, from 34.23mC to 22.4mC, p<
0.001 (Wilcox test). We have not observed a significant effect of HF rTMS on the length of
seizure or ECT efficacy. Our study confirms the hypothesis, that the application of HF rTMS
briefly before an ECT session reduces the seizure threshold, which might be useful in certain

types of patients.

Keywords: ECT augmentation, rTMS and ECT, seizure threshold
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1. Uvod

Elektrokonvulzivna terapia (EKT) je doélezZitou liecebnou modalitou, ktord sa v psychiatrii
pouziva uz 80 rokov (44, 50). Napriek obrovskému technologickému pokroku a jej vysokej
ucinnosti sa vSak aj dnes objavuju pacienti, u ktorych EKT nemd dostatocny efekt. Tato
rezistencia na lieCbu je sp6sobena predovsetkym pritomnostou vysokého zachvatového prahu
(ZP) (27). MoZnosti augmentacie EKT u tychto jednotlivcov skimali psychiatri prinajmensom
od 50. rokov minulého storocia (18). Augmentaciu EKT je moZné dosiahnut farmakologickou
intervenciou tesne pred samotnou aplikaciou elektrického stimulu alebo nefarmakologickou
cestou (hyperventildcia, spankova deprivacia). Az do dnesného driia nebol vydany uceleny

Standardizovany postup, ako EKT augmentovat u rezistentnych pacientov.

Diplomova praca je rozdelend do dvoch casti — tou prvou je literarny prehlad sudobych
moznosti augmentacie elektrokonvulzivnej liecby, v druhej skimame novi metodiku zniZzenia
zachvatového prahu prostrednictvom aplikdcie vysokofrekvencnej transkranialnej
magnetickej stimuldcie (HF rTMS). Nasa praca je priamym nadviazanim na pripadovu Studiu,
ktoru sme publikovali v roku 2019 (2), kde sa ndm podarilo prostrednictvom aplikacie rTMS

u pacienta s extrémne vysokym ZP znizit jeho hodnotu o polovicu.
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Ciele prace

Poskytnutie prehladného zhrnutia v si¢asnosti pouzivanych metdd augmentdcie EKT

Overenie nasledujucich hypotéz

A. ,Aplikacia vysokofrekvencnej transkranialnej magnetickej stimulacie kratko pred
titracnou aplikaciou elektrokonvulzivnej lieCby povedie k signifikantnému znizeniu
zachvatového prahu.”

B. ,Aplikacia vysokofrekvencénej transkranidlnej magnetickej stimulacie kratko pred
kaZdou aplikaciou EKT povedie k prediZeniu lie¢ebnych zachvatov*

C. ,Aplikacia vysokofrekvencnej transkranidlnej magnetickej stimulacie kratko pred
kazdou aplikaciou EKT nasledkom kumulativneho efektu oboch modalit povedie
k zvySeniu efektivity lieCby — subjekty liecené tymto protokolom budu potrebovat
mensi pocet aplikacii EKT na dosiahnutie remisie a bude pozorovany vyraznejsi

efekt na Montgomeryho-Asbergerovej stupnici depresie.
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3. Prehlad literatury

3.1. Metodika literarneho prehladu

Kvoli komplexite techniky davkovania a hodnotenia Ucinnosti EKT je nutné na zaciatku nasej
prace definovat, ¢o presne myslime pod pojmom ,augmentacia elektrokonvulzivnej terapie®.
Specialisti v oblasti EKT lie¢by tymto pojmom zvy&ajne oznaduji ovplyvnenie 3 parametrov

(27):

1. ZniZenie zachvatového prahu (ZP)
2. Predizenie dizky zachvatu (DZ)
3. Hodnotenie ucinnosti liecby EKT (celkovy pocet EKT aplikacii, pripadne hodnotenie

efektu liecby prostrednictvom objektivnych i subjektivnych afektivnych $kal)

K sumarizacii dostupnej literatiry sme postupovali ako k nesystematickému prehladovému
¢lanku. Prehladali sme elektronické databdzy PubMed, Google Scholar, Journal of ECT,
Biological Psychiatry aBrain stimulation pouZitim kombindcie terminov ,ECT",
,augmentation®. Do prehladu literatiry sme zahrnuli najrelevantnejsie pripadové studie,
komentare, prehladové ¢lanky a klinické Studie z poslednych 40 rokov. Augmentacné metddy
sme rozdelili do dvoch skupin — farmakologické a nefarmakologické, ktoré sme nasledne
abecedne zoradili. Pri jednotlivych augmentacnych stratégiach uvadzame sucasny stav
znalosti o tom, ktoré z jednotlivych parametrov ovplyviuju, ataktiez sumarizaciu vyskytu
neziaducich ucéinkov a bezpeénosti pouzivania. V prehlade je taktiez zahrnuty klozapin, ktory
je vsak uréitym sp6sobom samostatnou kapitolou, pretoZe na rozdiel od inych farmadk je jeho

pouzitie opisované predovsetkym v kontexte rezistentnej schizofrénie.
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3.2. Farmakologické moZnosti augmentacie elektrokonvulzivnej terapie

3.2.1. Aminofylin a Bemegrid

Vplyv aminofylinu, derivatu teofylinu, na EKT skima zatial iba hfstka prac. V prvom pripade
ide o sériu pripadovych studii z roku 1999 od Sterna et al. (47), ktora opisuje 14 pacientov,
kde autori uvadzaju $tatisticky signifikantné predizenie zachvatov. V uvedenom ¢lanku nebol
opisovany efekt aminofylinu na uc¢innost EKT alebo vysku ZP. Katagai (21) et al. v roku 2009
opisuju pacienta, u ktorého bol podany najskér aminofylin, no po vyskyte neziaducich ucéinkov
(hypertenzna kriza, kardialna arytmia) bolo jeho poddvanie zmenené za bemegrid, pri ktorom

opisovali prediZenie dizky zachvatu bez nutnosti daldieho navy$ovania davky EKT.

V pripade aminofylinu a bemegridu su k dispozicii len jednotlivé pripadové studie, ktoré
opisuju predizenie zachvatového prahu. Pri podavani aminofylinu sa opakovane vyskytli
neziaduce Ucinky — kardidlne arytmie a hypertenzia. V su¢asnosti chyba velka randomizovand
klinicka studia, ktora by potvrdila Géinnost a bezpecnost tychto latok, preto sa neodporuca ich

rutinné pouzivanie pred EKT.
3.2.2. Klozapin

Kombinacia elektrokonvulzivnej terapie a klozapinu bola predmetom pomerne intenzivneho
vyskumu poslednych 25 rokov v kontexte liecby rezistentnej schizofrénie. Grover et al. (15)
v prehladovom ¢lanku z roku 2015 zhfha 40 Studii, ktoré sa tejto problematike venuju.
Sucasna literatura naznacuje, Ze kombindcia EKT a klozapinu je G¢inna prinajmensom
v kratkodobom horizonte u polovice pacientov s rezistentnou schizofréniou. Data o dlhodobej
ucinnosti tohto kombinovaného protokolu su zatial nekonzistentné, existuju iba jednotlivé

13



pripadové studie, ktoré opisuju dlhodoby pozitivny efekt kombinacie klozapinu a udrziavacej
EKT liecby (mEKT). U malého mnozstva takto liecenych pacientov sa objavili neziaduce ucinky
ako delirium, tachykardia alebo prolongovany zachvat snutnostou farmakologickej
termindcie. Efekt klozapinu na di?ku zachvatu a zachvatovy prah nie je znamy. Celkovo je
konkomitantné pouzivanie EKT a klozapinu u pacientov s rezistentnou schizofréniou

povazované za bezpecné.

3.2.3. Kofein

Kofein sa vo vedeckej literatlre objavuje konzistentne od 80. rokov minulého storocia ako
efektivny sposob predizenia dizky terapeutického zachvatu. Poslednymi pracami, ktoré
skimaju jeho vplyv na EKT, su Pinkhasov et al. (2016) (37) a Bozymski et al. (2018) (6). V prvom
pripade ide o sériu 12 pripadovych $tudii, v ktorych autori opisuju priemerné predizenie
lie¢ebnych zdchvatov 048 %. V druhom pripade ide o retrospektivhu Studiu vzorky 71
pacientov, ktorym bol podavany pred aplikaciou EKT benzoat kofein-sodny (BKS). Po podani
BKS doslo priemernému prediZeniu zachvatu o 24s. V stasnosti existuju zatial iba dve
randomizované studie, ktoré skimaju vplyv kofeinu na Géinnost EKT, ide o prace Coffey et al.
a Calev et al. (8, 9) V prvej menovanej nebol zisteny signifikantny vplyv kofeinu na Gcinnost
EKT, Calev et al. vSak opisovali signifikantne kratsi ¢as nutny na dosiahnutie remisie a pacienti
v experimentdlnej skupine dokonca dosahovali lepsie vysledky v kognitivnych testoch. Obidve
Studie vSak pouzivali davkovaci protokol zaloZzeny na vypocte podla veku a islo o relativne
malé vzorky pacientov, preto ich zavery nie su povazované za konkluzivne. Taktiez zatial nebol

preukazany signifikantny efekt podavania kofeinu na vysku zachvatového prahu.
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Napriek dostatoéne preukazanému vplyvu kofeinu na dizku zachvatu boli pozorované niektoré
neziaduce Ucinky jeho poddvania. Ide predovsetkym o kardialne arytmie, najcastejsie fibrilaciu
sieni, vyskyt prolongovanych zachvatov, agitacie a Uzkosti. V studii publikovanej Ennsom et al.
(12), uskutocnenej na potkanoch, bolo dokonca preukazatelné poskodenie neuronalne;j siete
hippokampu pri kombinovanej aplikacii EKT/kofeinu, tieto vysledky vsak doposial neboli

replikované.

Celkovo sa d4 uzavrief, Ze kofein preukazatelne predliuje dizku zachvatu pri EKT, nema viak
zrejme efekt na zachvatovy prah alebo Gcinnost EKT. Jeho pouZivanie taktiez zvysuje riziko

kardidlnej arytmie, preto sa neodporuca jeho rutinné pouzivanie.
3.2.4. Flumazenil

Flumazenil je ako latka, ktora je antagonistom a antidotom benzodiazepinov, potencidlne
zaujimavym kandidatom na augmentaciu EKT. V roku 1995 (17) bola opisana pripadova Studia
pacienta, ktory bol indikovany na liecbu EKT, no pre zna¢nu anxiéznu symptomatiku uzival
vysoké davky benzodiazepinov. K reverzii antikonvulzivneho efektu BZD autori tomuto
pacientovi tesne pred kazdou aplikaciou EKT podali intravenézne flumazenil, po ktorého
podani bolo mozné indukovat adekvatne dlhé liecebné zachvaty. O 4 roky neskoér (24) bola
publikovand komparativna, nezaslepend a nerandomizovand Studia 35 pacientov
s kombinovanym protokolom EKT/flumazenil, ktora taktieZ potvrdzovala redukciu
zachvatového prahu v porovnani s pacientmi, ktori flumazenil nedostali. V roku 2012 Yi et al.
(56) publikovali pripadovu sériu 3 pacientov, u ktorych bol flumazenil pouzity na Uspesné
znizenie zachvatového prahu a zvysSenie Ucinnosti EKT, u 2 z nich sa vSak rozvinuli reverzibilné

priznaky zhodné s odvykacim stavom od benzodiazepinov. Zatial chyba velkd randomizovana
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Studia, ktora by potvrdila tieto efekty flumazenilu, z toho dévodu sa neodporuca jeho rutinné

pouZzivanie.
3.2.5. Remifentanil

Remifentanil je kratko pobsobiace opioidné analgetikum, ktoré sa pouZiva spolu
s intravendznymi anestetikami. V roku 2016 bola publikovana metaanalyza Takekita et al. (49),
ktora zhfiala 13 randomizovanych studii, ktoré sa venovali pouzitiu remifentanilu pri EKT.
Remifentanil podla tychto autorov nemd vplyv na vysku zachvatového prahu - jeho
konkomitantné pouzitie sinym anestetikom vedie kzniZeniu nutnej davky na uvedenie
pacienta do celkovej anestézie, a tym padom pri niektorych typoch anestetik, predovsetkym
pri si¢asnom pouziti s propofolom, vedie k prediZeniu terapeutickych zachvatov — ako ich
motorickej zlozky, tak na EEG. Daldim zaujimavym efektom bolo pozorované signifikantné
znizenie maximalneho systolického tlaku pocas vykonu EKT v porovnani so skupinami, ktoré
dostali iba samostatné intravendzne anestetikum. V sucasnosti neexistuje Studia, ktord by
skiimala vplyv remifentanilu na Géinnost elektrokonvulzivnej terapie. Dal$im déleZitym
faktorom je aj to, Ze v sucasnosti nie je zrejmé, aky ma opakovany Uzus opioidov vplyv na
kogniciu. Studie, ktoré su v st¢asnosti dostupné, su znacne limitované a zahrfiuju len malé

mnoZstvo pacientov, z toho dévodu sa remifentanil zatial nepouziva v beznej klinickej praxi.
3.2.6. Ketamin

Ketamin bol v poslednych rokoch predmetom Sirokého vedeckého zaujmu. Recentne sa
objavovali prace, ktoré potvrdzovali jeho antidepresivne ucinky avrokoch 2007 a 2009
(26, 36) sa objavili pripadové studie, ktoré opisovali dramaticky rychle dosiahnutie remisie u 2

pacientov, kde pocas EKT bola pouzivana ketaminovda anestézia, ¢o naznacovalo velmi sfubny
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synergicky efekt oboch lie¢ebnych modalit. Urcitou komplikaciou je fakt, Ze pouzivanie
samostatnej ketaminovej anestézie mozZe viest k niektorym zadvainym psychogénnym
vedlajsim dc¢inkom, predovsetkym vyskytu halucindcii, ¢o je u niektorych pacientov
problematické. Tieto Ucinky ketaminu su zavislé od davky, preto sa v majorite studii pouziva
na augmentaciu EKT subanestetickd davka ako adjuvans kinému hlavnému anestetiku,
najéastejsie barbiturdtového typu. Zheng et al. v roku 2019 publikovali rozsiahlu metaanalyzu,
ktora zhfria 17 randomizovanych studii (57), ktoré skimali vztah medzi podavanim ketaminu
a EKT. Autori potvrdzuju signifikantne vacsiu ucinnost kombinovane] liecby ketamin/EKT
v prvych fazach lie¢by (1 — 2 tyzdne), avsak v end-point ¢asoch jednotlivych studii uz tento
trend signifikantny nebol. Aplikacia ketaminu pred EKT teda zrejme spOsobuje rapidnejsi
nastup antidepresivneho efektu, o méze mat potencialne velky vyznam pri lieCbe jedincov,
kde je rychly nastup efektu velmi zZiadany — napriklad akdtne suicidalni alebo katatonicki
pacienti. Objavili sa aj niektoré pripadové Sstudie, ktoré poukazovali na moZny
neuroprotektivny efekt ketaminu pri konkomitantnej liecbe EKT, kde uvedeni pacienti

dosahovali lepSie skdre na neurokognitivnych testoch.

Ketamin sa javi ako slubnd augmentacnd metdéda EKT. Pri konkomitantnom pouzivani
ketaminu a EKT bol opakovane pozorovany rapidnejsi ndstup antidepresivneho efektu,
vacsina randomizovanych Studii vSak obsahuje pomerne malé vzorky pacientov, preto bude

potrebny dalsi vyskum tohto agens pred tym, neZ sa bude v lie¢be rutinne pouzivat.
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3.2.7. Teofylin

Podobne ako ostatné xantiny (kofein, aminofylin), aj teofylin bol vrecentnom case
predmetom zdujmu ako farmakologickej moznosti augmentdcie EKT. Poslednymi snahami su
retrospektivne studie od Tzabazis et al. (2017) a Kemp et al. (2015) (22, 54), ktoré potvrdzujq,
Ze aplikacia teofylinu pred EKT signifikantne predlZuje lieCebné zachvaty. Efekt teofylinu na
ucinnost EKT a vysku zachvatového prahu nie je znamy. V literatire sa objavuju pripadové
Studie, ktoré opisuju pomerne zavazné neziaduce ucinky jeho podavania, ide predovsetkym
o vyskyt status epilepticus. V pripade konkomitantného podavania EKT a teofylinu niektori
autori odporucali sledovat sérovu hladinu teofylinu a udrziavat ju pred aplikaciou EKT na
hladine niz3ej ako 20 pg/ml, na minimalizaciu rizika prolongovaného zachvatu. Podobne ako
v pripade ostatnych xantinov spominanych v nasej praci sa neodporuca jeho pouZivanie

v kazdodennej praxi.
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3.3. Nefarmakologické moznosti augmentacie elektrokonvulzivnej terapie

3.3.1. Hyperventilacia

Pomerne konzistentnym nalezom vo vedeckej literature je, Ze hypokapnia vyvoland
hyperventilaciou tesne pred stimulaciou EKT sposobuje prediZzenie terapeutického zachvatu.
Podobne ako hyperventilacia, aj ingescia zvySenej koncentrdcie kyslika pred EKT bola
asociovana sdlh§im trvanim epileptiformnej aktivity (1,10,11), ato uZ v prvych
experimentoch vroku 1953 (18). Jednotlivé Studie sa vsak liSia vtom, ako vyrazne
hyperventilacia DZ predlZuje, zrejme z dovodu velkej interindividualne] variability, ale aj
v nejednotne aplikovanych technikdach hyperventilacie a pouZivanych anestetik ¢&i ich
davkovania. Efekt hyperventilacie na vysku zachvatového prahu uz tak intenzivne preskimany
nie je, Buj-Alvarez et al (7). referovali na malej Studii az 45 % redukciu davky aplikovanych
stimulov, tato praca vsak nikdy nebola replikovana. Niektori autori tiez uvadzaju mierne
pozitivny vplyv hyperventilacie na efektivitu EKT, napriklad praca Heack et al. (16), kde bol
pozorovany nizsi pocet potrebnych EKT aplikacii na dosiahnutie remisie a skorsie prepustenie
z nemocnice do ambulantnej starostlivosti, podobné S3Studie su vSak skor ojedinelé
a v sucasnosti nie je zname, nakolko hyperventilacia ovplyvriuje Géinnost elektrokonvulzivnej
terapie. Boli pozorované iba ojedinelé pripady vedlajSich ucinkov hyperventilacie pred EKT,
isSlo predovsetkym o prolongované zachvaty s nutnostou farmakologickej intervencie.
Teoreticky sa taktieZ rozoberalo, Ze hypokapnia mdze sp6sobit vazokonstrikciu koronarnych
ciev atym padom zvysit riziko ischémie myokardu, v praxi sa vsak takyto pripad zatial

v literatldre neobjavil.

Hyperventilacia je bezpe¢nou nefarmakologickou metédou, ktord preukdzatelne predlzuje

dizku lie¢ebného zachvatu mechanizmom hypokapnie a hyperoxie, a podla niektorych $tudii
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zrejme znizuje aj zachvatovy prah. Jedinou nevyhodou je, Ze v sicasnosti neexistuje protokol,

ktory by tuto formu augmentacie standardizoval.
3.3.2. Transkranidlna magneticka stimuldcia

Hoci sa v literature teoreticky Spekulovalo o moznosti ovplyvnenia zdchvatového prahu TMS,
prakticky sa prvé pripadové studie objavili aZz v rokoch 2018 (Rotharmel et al.) a 2019 (Albrecht
et al.) (2,43). Vpripade francuzskeho timu iSlo o dva pripady, kde bola aplikovana
vysokofrekvenéna liecba rTMS pred zacatim terapie EKT pri rezistentnej depresii. U prvého
pacienta bolo aplikovanych celkovo 7 davok HF rTMS, u druhého 10 (90 % CMT, 20 trainov,
trvanie 1 trainu 2s aintertrain interval 60s). Autori nasledne opisovali dlhsie trvanie
terapeutického zachvatu, zniZzenie zachvatového prahu a rychlejsi ¢as dosiahnutia remisie pri
EKT v porovnani s ich klinickou skdsenostou, neposkytli vsak konkrétnu kontrolna skupinu.
V nasej pripadovej Studii vroku 2019 (2) sme opisovali aplikaciu HF rTMS u pacienta
s extrémne vysokym zdchvatovym prahom pred kazdym jednotlivym podanim EKT, kde doslo
k zniZzeniu ZP o polovicu (cely ¢lanok dostupny v prilohe). Randomizovana Studia na vacsej

vzorke pacientov doteraz chybala.
3.3.3. Spdankova deprivacia

Spankova deprivacia dlhSia ako 24 hodin mda podla niektorych autorov vacsi efekt na
neuronalnu excitabilitu ako hyperventildcia ¢i stimulacia svetlom. Gilabert et al. v roku 2004
(13) publikovali zaujimava $tudiu, kde spankovu deprivaciu vyuzili ako metddu augmentacie
EKT. Pacienti boli pred aplikaciou EKT udrziavani 36 hodin bez spanku. Inicialna ddvka EKT bola
rovnakd pre obe porovndvané skupiny pacientov, pocas lieCby doSlo postupne k zniZeniu

aplikovanej davky EKT pri experimentalnej skupine so zachovanim kvality aj adekvatnej dizky
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zachvatov, pricom v kontrolnej skupine podla o¢akavani dochadzalo postupne k zvySovaniu
davky EKT, pretozZe ich zachvatovy prah sa postupne zvysSoval. Limitdciou tejto Studie je vSak
pouzivanie prediktivneho davkovania EKT podla veku, pacienti neboli teda individualne
titrovani. Navzdory tomu tato Studia potvrdila, Ze spankova deprivacia ma signifikantny efekt
na redukciu zachvatového prahu — su vsak potrebné dalsie Studie, predovsetkym také, ktoré
pouZzivaju titracny model davkovania EKT, ktoré by dokazali kvantifikovat silu tohto efektu.
Nevyhodou tejto metddy je pomerne velka zataz pre pacienta (36 hodin spankova deprivacia
pred kazdou aplikdciou EKT) aj persondl, ktory musi na tychto pacientov kontinualne
dohliadat, aby neupadli do spanku. Neboli pozorované vedlajsie ucinky kombinovaného
protokolu EKT a spankovej deprivdcie, neexistuju ani Standardizované protokoly pouZivania

tejto augmentacnej metddy, ktora si viak iste zasluhuje hlbsi vyskum.
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4. Vyskumna éast
4.1. Subjekty

Do Studie bolo v roku 2019 zahrnutych 46 pacientov vo veku 18 aZ 74 rokov lie¢enych pre
depresivnu afektivnu poruchu — iSlo o pacientov hospitalizovanych vo VSeobecnej fakultne;j
nemocnici VFN a 1. LF UK v Prahe, indikovanych na lie¢bu EKT. Studia bola schvélena Etickou

komisiou Vseobecnej fakultnej nemocnice VFN pod ¢islom 1933/18-S-IV.

Vietci pacienti spifiali nasledujice kritéria: vek 18 rokov a vyssi, celkové skére rovné alebo
vySSie ako 20 na Montgomeryho-Asbergerove] stupnici (MADRS), neabsolvovali Ziadnu EKT
liecbu v poslednych 3 mesiacoch, neboli diagnostikovani s neurologickym ochorenim. Vsetci
Ucastnici Studie boli pocas priebehu studie hospitalizovani a podpisali informovany suhlas
s hospitalizaciou aj suhlas s Gcastou na studii (40). Diagnosticky boli pacienti klasifikovani
podla MKN-10, ich presné rozdelenie zhffia tabulka 1. Celkovy pocet aplikacii EKT a podavana
konkomitantna lieCba bola determinovana oSetrujucim psychiatrom a odvijala sa od klinického
stavu pacienta — pocas samotnej liecby EKT nebola u Ziadneho subjektu menena
farmakologicka lie€ba. OsSetrujluci psychiater bol zaslepeny k prislusnosti subjektu ku

kontrolnej/experimentalnej skupine.

Celkovy findlny pocet pacientov v Studii bol 44 (21 v experimentdlnej a 23 v kontrolnej).
V kontrolnej skupine bolo 16 Zien a 7 muzZov, v experimentdlnej 11 Zien a 10 muzov. Dvaja
Ucastnici nakoniec neboli vo vysledkoch studie zahrnuti — jeden odmietol v EKT pokracovat,

u druhého bola pocas liecby zistena zavazna neurologickd komorbidita.

V oboch skupinach sme porovnali Uzus benzodiazepinov (prepocitany na ekvivalentni davku
lorazepamu v miligramoch pomocou Ashtonovho manualu) (34) — nebol zisteny signifikantny
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rozdiel. Porovnali sme zaroven uzivanu konkomitantnu farmakologicku liecbu, kde nebol

taktieZ zisteny signifikantny rozdiel v type poddvanych lie¢iv v oboch skupinach (tab. 2).

Tab. 1 (zdkladna charakteristika subjektov — pohlavie, vek, Ciselnd diagnéza podla MKN-10,

ekvivalentna davka benzodiazepinov prepocitana na davku lorazepamu, pociato¢né a koncové

celkové skore MADRS)

Experimentdlna kontrolna
N 21 23
pohl. 11 F/10M M 16 F/7 M
vek mean = 48,19, SD = 14,68 mean = 48,48, SD = 15,09
F063 0 4no/21 nie 2 4no/21 nie
F314 1 4no/20 nie 1 4no/22 nie
F321 4 ano/17 nie 4 4no/19 nie
F322 2 4no/19 nie 2 4no/21 nie
F323 0 ano/21 nie 54no/18 nie
F331 5 4no/16 nie 4 3no/19 nie
F332 8 4no/13 nie 4 3no/19 nie
F412 1 4no/20 nie 1 4no/22 nie
ekv/I mean =0,71,SD =0,18 mean =0,8, SD =0,47
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TO MADRS mean = 34,85, SD = 6,95 mean = 30,74, SD = 8,81

T2 MADRS mean = 13,14, SD=8,34 mean=11,1,SD=8,4

Tab. 2 (porovnanie farmakologickej liecby oboch skupin — pre porovnanie bol pouZity FiSerov

presny test)

experimentdlna kontrolna p-value adjusted p-value
BzZD 17 4no/4 nie 20 4no/3 nie 0,6927 1,0000
antie 7 ano/14 nie 8 4no/15 nie 1,0000 1,0000
hyp 1 4no/20 nie 1 4no/22 nie 1,0000 1,0000
Li 1 4no/20 nie 3 4no/20 nie 0,6086 1,0000
AP1 21 nie 23 nie
AP2 14 4no/7 nie 13 4no/10 nie 0,5477 1,0000
AP3 21 nie 23 nie
NaSSA 6 4no/15 nie 7 ano/16 nie 1,0000 1,0000
SARI 0 4no/21 nie 3 ano/20 nie 0,2341 1,0000
SSRI 7 4no/14 nie 7 ano/16 nie 1,0000 1,0000
SNRI 7 4no/14 nie 13 4no/10 nie 0,1434 1,0000
TCA 2 4no/19 nie 2 ano/21 nie 1,0000 1,0000
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vort 2 4no/19 nie 1 4no/22 nie 0,5988 1,0000

antiH 34no/18 nie 0 4no/23 nie 0,1004 1,0000
Ago 2 ano/19 nie 1 4no/22 nie 0,5988 1,0000
kog 1 4no/20 nie 0 4no/23 nie 0,4773 1,0000

U oboch skupin zaroven nebol signifikantny rozdiel medzi pouzZitou davkou

propofolu/sukcinylcholinu pocas titracie EKT.

Tab. 3 (porovnanie propofolu a sukcinylcholinu medzi oboma skupinami pocas titracie, Mann-

Whitneyov test)

p-value adjusted p-value
propofol 1. vs. skupina  (.7809 1000
suke 1. vs. skupina (L9804 L. (HEN]
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4.2, Metodika studie

Ide o dvojito zaslepenu, randomizovanu studiu s placebo (sham) rTMS stimulaciou v kontrolnej
skupine. Subjekty boli rozdelené do kontrolnej a experimentalnej skupiny prostrednictvom
blokovej randomizacie s pouZzitim randomizacného programu Sealed Envelope (46) (velkosti
blokov 2 a 4) — jeden spoluator Studie (TM) bol uréeny na priradovanie pacientov k jednotlivym
blokom, iny spoluautor (JA) ako jediny uskutocrioval stimuldciu/sham stimulaciu (bol
zaslepeny k velkosti blokov). Elektrokonvulzivny tim, subjekty, oSetrujuci psychiatri a rater boli

zaslepeni k prislusnosti pacienta ku kontrolnej alebo experimentalnej skupine.

Pred zacatim lieCby sme u kazdého pacienta zmerali kortikalny motoricky prah (cortical motor
threshold, CMT) pomocou Medelec Synergy EMG prostrednictvom techniky opisanej Rossinim
et al. (1994) (42). Pacienti boli po vysvetleni principu TMS usadeni do kresla. Na oblast pravého
abductor pollicis brevis (brusko + asociovand slacha) boli umiestnené dve jednorazové
predgélované elektrédy. Uzemnujuca elektréda bola umiestnend na voldrnu stranu distalneho
pravého predlaktia. Centrum cievky (Magstim Rapid D70 remote coil) bolo spociatku
umiestnené 5cm laterdlne vlavo od vertexu na interaurikuldrnej linii, s rukovatou
v parasagitdlnej rovine. Umiestnenie cievky bolo potom optimalizované na zaklade aplikacie
pulzov a vysledného MEP zobrazenom cez softvér Medelec Synergy. Toto meranie bolo
u kazdého pacienta zacaté na urovni 20 %, pri absencii MEP sme tuto energiu navySovali
TMS (Magstim® Rapid) evokovala motoricky evokovany potenciadl (MEP) v aspont 5 z 10
aplikacii pulzov. U vSetkych pacientov bol nasledne s pouzitim neuronavigdcie (VisorTM2ST)
na zdaklade individudlnych nativnych MRI skenov mozgu identifikovany dorzolateralny

prefrontalny kortex (DLFPC).
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U subjektov alokovanych v kontrolnej skupine bola v ¢asovom rozmedzi 30 — 80 minut pred
kazdou aplikaciou EKT uskuto¢nend sham stimulacia DLFPC cievkou Magstim AirFilm Sham Coil
(15 Hz, celkovo 900 pulzov rozdelenych do 6 trainov, intertrain 60 s, trvanie 1 trainu 10 s).
V pripade subjektov alokovanych v experimentalnej skupine bola v ¢asovom rozmedzi 30 — 80
minut pred kazdou aplikaciou uskutoénena stimulacia DLFPC cievkou Magstim Airfilm Coil
rapid s nasledujlicimi parametrami — 100 % nameraného CMT, 15 Hz, celkovo 900 pulzov
rozdelenych do 6 trainov, trvanie 1 trainu 10s, intertrain bol automaticky vypocitany

pristrojom Magstim Rapid na zaklade intenzity stimulacie od 44 po 102 s.

Samotna EKT bola aplikovana v celkovej anestézii (za pritomnosti anestéziologického timu),
indukovanej kombinaciou propofolu a sukcinylcholinu. Pri titracii EKT a pocas dalSich aplikacii
nebol zisteny signifikantny rozdiel vich ddvkovani medzi kontrolnou a experimentalnou
skupinou. VSetci pacienti boli v priebehu procedury ventilovani 100 % kyslikom. Pacienti
neboli pred EKT hyperventilovani. Aplikacia EKT prebiehala 3x za tyzden v alternujuce

pracovné dni (pondelok, streda, piatok).

Zachvatovy prah bol definovany ako davka stimulu, pri ktorej boli na zazname EEG jasné
znamky generalizovanej bilateralnej zachvatovej aktivity — pritomnost ostrych tranzientov
zretelne odlisitelnych od pozadia. EEG aktivita bola monitorovana pomocou dvojkanalového,
bifrontadlneho umiestnenia EEG elektréd. Aplikacia EKT bola uskutocfiovanad v pravej
unilateralnej konfiguracii elektréd (RUL) pristroja MECTA spECTrumTM. Zachvatovy prah bol
determinovany prostrednictvom metddy ,titracie” popisanej Sackeimom et al. (44) Pri prvej
aplikacii bol najskor aplikovany titraény stimulus s velkostou naboja 9,6 mC (frekvencia 20 Hz,
Sirka pulzu 0,3 ms, vyska amplitudy 800 mA, cas aplikacie 1 s). Pokial na EEG neboli zjavné

znamky epileptiformnej aktivity, tak tato davka bola postupne navysovana na 19,2 mC (20 Hz,
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0,3 ms, 800 mA, 2s), 38,4 mC (20 Hz, 0,3 ms, 800 mA, 4 s) a 76,8 mC (20 Hz, 0,3 ms, 800 mA,
8 s). Po najdeni ZP boli pacienti pri druhej EKT aplikacii lieCeni davkou, ktord zodpovedala
6-nasobku zdchvatového prahu. V priebehu lie¢by bola tdto davka EKT timom navySovana v
zavislosti od monitorovanej dizky zachvatu — v pripade, e dizka trvania epileptiformnej
aktivity na EEG klesla u pacienta pod 15s, tak pri nasledujucej aplikacii bola ddvka EKT
navysena. Vo vseobecnosti EKT tim navySoval parametre v poradi — ¢as aplikacie, frekvencia,

Sirka pulzu, vyska amplitidy do dosiahnutia maxim v jednotlivych parametroch.

Na stratifikdciu zavainosti depresivnych priznakov sme pouzili Skdlu MADRS, ktoru
administroval rater (GP). Tato Skdla bola pouZitd celkovo 3x, pred zaciatkom liecby, po 5
kombinovanych aplikacidch TMS/EKT a pri ukonceni lieCby. OSetrujuci psychiater pacienta

kontroloval 2x denne na vylucenie pripadnych neZiaducich ucinkov liecby.
4.3. Statistické metédy

Pre porovnanie sledovanych veli¢in medzi experimentdlnou a kontrolnou skupinou bol pouzity
t-test, v pripade velic¢in, kde nebolo mozné predpokladat normalitu rozdelenia, bol pouZzity
Mann-Whitneyho U-test (Wilcoxov test). Rozdiely v zastUpeni pohlavi boli testované pomocou
X 2 -testu. Za Statisticky vyznamné boli povazované dosiahnuté hladiny testov mensie ako 5 %.

Analyzy boli uskuto¢nené v Statistickom bali¢ku R verzia 3.6.1 (R Core Team, 2019) (39).

4.4. Limitacie Studie
Ako bolo uz spomenuté vyssie, konkomitantna farmakologicka lie¢ba pacientov pred zacatim
liecby TMS/EKT bola determinovana osetrujdcim psychiatrom. NemébZeme preto vylucit, ze
Ucastnici Studie dostavali medikaciu, ktora ovplyviiovala zachvatovy prah, ide predovsetkym
0 Uzus benzodiazepinov/antikonvulziv. Toto v$ak nie je nutne zavaznou limitaciou, ako uz
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poukazali autori inych studii, ktoré sa venovali problematike zachvatového prahu pri EKT,
pretoZe tito pacienti su reprezentativnou vzorkou lokalnej komunity, ktord podstupuje liecbu

EKT (51).

Zachvatovy prah bol titrovany pocas prvej aplikacie EKT, preto neméZzeme zhodnotit, ¢i efekt
stimulacie rTMS trva aj po zvysok aplikdcii EKT, vzhladom na to, Ze pacienti neboli pocas liecby
retitrovani. Budice prace by mohli tento vztah hlbsie preskimat, napriklad retitraciou

a opatovnym zhodnotenim ZP po piatej aplikacii rTMS/EKT.

Limitaciou Studie je aj pomerne velkd persondlna ndrocnost a zabezpecenie jednotného
¢asového rozpatia medzi aplikaciou rTMS a EKT, ktoré sa pohybovalo v rozmedzi od 30 do 80

minut. Je mozné, Ze kratsi casovy interval ma vyrazny vplyv na sledované parametre.

Studia je taktie? limitovana v pouZitych psychometrickych $kalach — na stratifikaciu zavaznosti
depresivnych symptémov bola pouzitd $kdla MADRS. Dalie prace by mohli zahrnut aj
subjektivne, kognitivne a symptomatické $kdly, aby bol posudeny pripadny rozdiel v

kognitivnej vykonnosti Ci pritomnosti vedlajsich ucinkov testovanych skupin.
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4.5, Vysledky

Pouzitim Mann-Whitneyho U-testu (Wilcoxonovho testu) bolo v experimentalnej skupine
preukdzané Statisticky vyznamné zniZzenie naboja v priemere o 34,55% z 34,23 na 22,4,

p <0,001.

Obr. 1 (porovnanie zachvatového prahu medzi experimentdlnou a kontrolnou skupinou)
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Experimentalna skupina Kontrolna skupina
Min. 1st Qu. Median Mean 3rd Qu. Max. SD N NA's
Exp, 9,6000 19,2000 19,2000 22,4000 19,2000 38,4000 8,2209 21 0
Kontr, 19,2000 19,2000 38,4000 34,2261 38,4000 76,8000 12,8882 23 0

Wilcoxov test: p = 7e-04

V dalsich sledovanych parametroch sme nepozorovali signifikantné rozdiely — nebol zisteny
signifikantny rozdiel v dizke zachvatu, celkovom poéte aplikacii EKT, ani v efektivite lie¢by

meranej pomocou Skaly MADRS (tab. 4).
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Tab. 4 (signifikantny rozdiel bol zisteny len pri zachvatovom prahu medzi oboma skupinami,
pri ostatnych parametroch — priemerna dizka zachvatu, zmena MADRS, pocet aplikacii EKT

nebol zisteny signifikantny rozdiel, Wilcoxov test)

p-value adjusted p-value

naboj/mC vs. skupina 0,0007 0,0028
EEG endpoint vs, skupina 0,8225 1,0000
TO-T2 MADRS vs, skupina 0,8474 1,0000
Pocet aplikacii EKT vs, skupina 0,3543 1,0000
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Signifikantne nizsi naboj bol zaznamenany pri prvej liecebnej aplikacii EKT (kde aplikovany 6x

diel v pouzitom naboji

y roz

s

fikantn

7

bol zaznamenany signi

acii ne

7

ZP). Pocas dalSich EKT aplik

medzi experimentalnou a kontrolnou skupinou.

boj pri jednotlivych aplikacidch EKT s p-value Mann-Whitneyho testu od

y nd

’

Tab. 5 (Priemern

prvej terapeutickej davky EKT po poslednu aplikaciu EKT)

niavitéva  experimentilni (mean) kontrolni (mean) experimentilni N kontrolni N pevalue  adjusted p-value
1 135.3143 197.8435 21 23 0.0043 0.0599
2 243.2000 186. 7636 21 22 0.2340 10000
3 2592000 2059636 20 22 0.4469 1.0000
4 2380800 214.6909 20 22 0.4885 1.0000
3 245.7600 2380800 20 20 0.8209 10000
(i 2640000 2640000 16 16 0.9636 1.0000
T 2599385 2717538 13 13 0.7502 1.0000
8 2592000 3200000 12 9 05775 10000
9 2773333 307 2000 9 6 0.8550 1.0000
10 2578286 215.0400 7 3 05518 1.0000
11 3840000 2400000 3 4 0.1947 1.0000
12 3584000 3072000 3 2 07609 L0000
13 3840000 3240000 3 1 L0000 1.0000
14 4608000 230.4000 1 1 L0000 1.0000
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Nebol zisteny signifikantny rozdiel v pocte pacientov, u ktorych doslo k navyseniu liecebnej
davky EKT z povodnej aplikacie 6x ZP pri prvej aplikacii medzi experimentalnou a kontrolnou

skupinou.

Tab. 6 (porovnanie poctu pacientov, u ktorych doslo k navyseniu davky EKT z pévodnej prvej

aplikacie 6x RUL)

ano (N) nie (N) ano (%) nie (%)
experimentdlna 17 4 54,84 30,77
kontrolna 14 9 45,16 69,23
total 31 13 100,00 100,00

(x 2 -test): p=0,2595
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Aplikacia rTMS prebiehala v rozmedzi 30 — 80 minut pred EKT. Nezistili sme korelaciu medzi

¢asovym intervalom uplynutym medzi oboma modalitami a vySkou zadchvatového prahu.

Obr. 2 (korelacia medzi casovym intervalom rTMS/EKT a vyskou zachvatového prahu,

Spearmanov korelacny koeficient, p = 0,0045, p = 0,9846)
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Za doleZité povaZujeme zmienit to, Ze u 4 pacientov v experimentalnej skupine bol v priebehu
liecby pozorovany preSmyk ndalady do hypomanie/manie. ISlo o jedincov, u ktorych bol
oSetrujucimi psychiatrami pozorovany tento preSmyk postupne najskor klinicky a nakoniec aj
vyhodnoteny pomocou Young Mania Rating Scale (YMRS), kde tito pacienti dosiahli skore 25
— 30, ¢o zodpovednd miernej aZz stredne zdvaznej manii. Vo vSetkych pripadoch islo
o pacientov, ktori nemali predchadzajucu diagndézu bipolarnej afektivnej poruchy, ani
v minulosti u nich nebola zaznamenana epizdda manie. V pripade vSetkych subjektov islo
podla MKN-10 o periodicki depresivnu poruchu, vtroch pripadoch atazku epizédu bez
psychotickych symptémov (F33.2), vjednom pripade o stredne ftazku epizédu bez
psychotickych symptéomov (F33.1). V dvoch pripadoch doslo k postupnému rozvoju tychto
symptémov postupne az do piatej aplikacie rTMS/EKT, v dvoch pripadoch do 9. a 10. aplikacie.
U Ziadneho pacienta nedoslo krozvoju psychotickych symptémov, pocas celej liecby
spolupracovali a mali zachovany ndhlad na svoj stav, dominovala predovsetkym expanzivna
nalada, zvysena ponuka ndpadov, znizend potreba spanku a nutkanie k pohybu. Po plnom
rozvinuti tychto priznakov bola lie¢ba rTMS/EKT ukoncend a u vSetkych doslo k stabilizacii
nalady do tyzdna po ukonceni liecby kombinovanym protokolom, bez nutnosti akejkolvek

farmakologickej intervencie.
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4.6. Diskusia

Vysledky nasej Studie potvrdili hypotézu, Ze aplikacia vysokofrekvenénej rTMS kratko pred EKT
signifikantne zniZzuje zdchvatovy prah. Rozdiel oproti kontrolnej skupine, ktora dostala sham
stimuldciu, bol 34,55 %. Myslime si, Ze toto bolo moZné kvéli tomu, Ze aplikacia HF rTMS
spbsobila zvySenie kortikdlnej excitability, o malo za nasledok zniZenie naboja potrebného
pre indukciu lieCebného zachvatu. Podla niektorych studii mozZe tento efekt trvat aj viac ako
90 minut, v zavislosti od intenzity, frekvencie a celkového mnozstva pulzov (28). Dalie studie
sU nutné na to, aby sa zistilo, ¢i skratenie ¢asu pred administraciou EKT, zvySenie intenzity,
mnozstva pulzov alebo zmena frekvencie bude mat za nasledok este vyraznejsie zniZenie

zachvatového prahu.

V nasej studii sme sa rozhodli pouZit rovnaky stimulacny protokol ako v Uspesnej pripadovej
studii, ktord sme publikovali v roku 2019, kde sa ndm pomocou neho u pacienta podarilo znizit
ZP 0 50 %. Ako miesto stimulacie sme sa vSak namiesto SMA rozhodli zvolit DLFPC. Jednak ide
o Standardné miesto, ktoré sa pouziva na liecbu afektivnych poruch, po druhé sme mali
v priebehu tejto pripadovej studie skisenost, Ze stimuldcia SMA je pre pacienta neprijemna,
pretoze stimulacia rTMS blizko motorickych centier spdsobuje generalizované zasklby svalov.
Nemodzeme vsak vyludit, Zze odliSnd lokalizacia ma za nasledok zmenu efektivity zniZenia

zachvatového prahu.

Zda sa, e tato ,prestimulacia“ rTMS neovplyvriuje dizku zachvatu, celkové mnozstvo aplikacii
EKT ani efektivitu liecby meranej pomocou MADRS. Na zaklade dvoch predchadzajucich

pripadovych studii od Rotharmel et al. sme ocakavali kumulativny efekt oboch lieéebnych
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modalit, to vsak nebolo Statisticky potvrdené. Je vsak nutné poznamenat, Ze francutzsky tim
pouzival vyrazne odliSnd metodiku. 1Slo o HF rTMS s frekvenciou 20 Hz, 90 % CMT, 20 trainov
s trvanim 2 s s intertrain intervalom 60 sekund. Jeden z pacientov dostal celkovo 7 aplikacii
rTMS a druhy 10. AZ po tom, ¢o bola ukoncena tato séria rTMS, doslo k aplikacii EKT. Autori
$tudie uvadzali u oboch pacientov zniZenie zachvatového prahu, predizenie celkového trvania
zachvatu a zvySenie efektivity liecby v porovnani s ich klinickou skdsenostou s obdobnymi

pacientmi — v praci vSak nekonkretizuju kontrolnu skupinu.

Medzi oboma skupinami nebol Statisticky signifikantny rozdiel v pocte pacientov, u ktorych
doslo k navyseniu lie¢ebnej energie (resp. naboja) od pévodnej davky 6x ZP, v experimentalne;j
skupine to bolo 54,84 %, v kontrolnej skupine 45,16 %. K navySovaniu lieCebnej davky
pristupoval tim EKT v pripade, 7e ditka lie¢ebného zichvatu dosahovala menej ako 15 s.
Véeobecnym postupom tohto navy3ovania je najskor navysenie celkovej dizky aplikacie,
nasledne frekvencie, Sirky pulzu a amplitudy, do dosiahnutia pripadnych jednotlivych maxim
parametrov. V priebehu liecby sme od druhej lieCebnej aplikdcie EKT nezaznamenali
signifikantné rozdiely v priemerne poddvanom naboji medzi experimentdlnou a kontrolnou
skupinou. Ocakavali sme, Ze priemerny naboj v experimentdlnej skupine bude pocas celej
lie€by nizsi, toto vSak Statisticky nebolo potvrdené. Je potrebné poznamenat, zZe od 6. aplikacie
EKT vela pacientov v tejto lieCbe po dosiahnuti remisie nepokracovalo, od tohto bodu teda
poCet porovnavanych subjektov postupne klesa a nepovazujeme ho za dostatocny
na vyvodenie relevantnych zaverov. Zaroven je mozné, Ze efekt ,prestimuldcie” rTMS by sa
prejavil u rezistentnych pacientov po viacerych aplikacidch EKT, ktorych vSak v nasej studii
bolo minimum (od 11. aplikacie EKT su v experimentalnej skupine 3 a v kontrolnej 4 pacienti).

K buducich studiach by na overenie dlhodobosti efektu stimulacie rTMS na zachvatovy prah
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mohlo byt praktické pacientov retitrovat, napriklad po 5. lie¢ebnej aplikacii rTMS/EKT. Napriek
tomu, 7e na$ EKT tim pouzival dizku zachvatu ako prediktor klinickej odpovede na lie¢bu EKT,
je nutné poznamenat, Ze v poslednom Case sa objavuju prace, ktoré uvadzaju, zZe lepsim
prediktorom vtomto ohlade je kvalita zachvatu a rychlost jeho supresie (44). V buducich
Studiach, ktoré budu skimat vztah medzi rTMS a EKT, je teda vhodné zvazit pouZitie tychto

alternativnych kritérii na presnejsie posudenie vztahu medzi oboma modalitami.

Zaujimalo nas aj to, ¢i rozdielny casovy interval medzi rTMS a EKT mal vplyv na vysku
zachvatového prahu. Zachovat jednotny ¢asovy interval medzi oboma modalitami sa ukazalo
byt prakticky narocné a u jednotlivych pacientov sa pohyboval vrozmedzi 30 — 80 minut.
Nemdzeme wylicit, ze predizenie ¢asu medzi rTMS a EKT znizuje efektivitu ,prestimulacie”,
avsak Statisticky sme v nasej skimanej vzorke pacientov nezistili korelaciu medzi ¢asovym
intervalom a vysSkou ZP. Niektori autori uvadzaju, ze efekty simuldcie rTMS na kortikalnu
excitabilitu mo6zZu trvat viac ako 90 minut (28), avsak prakticky neexistuju studie, ktoré by toto
tvrdenie demonstrovali, neda sa preto plne vylUcit, Ze zniZzenie ¢asového intervalu medzi rTMS

a EKT moze zvysit efekt na redukciu vysky zachvatového prahu.

V nasej praci sme zaznamenali 4 pacientov v experimentdlnej skupine, u ktorych prebehol
preSmyk ndlady do hypomanie/manie. Ani jeden ztychto pacientov nebol v minulosti
diagnostikovany s bipolarnou afektivnhou poruchou a v ich anamnéze nebola zaznamenana
manickd epizéda (to, Ze nebola v minulosti zaznamenand, vSak nutne neznamend, Ze
v minulosti takouto epizddou nepresli). Vzhladom na to, Ze v kontrolnej skupine sme
nezaznamenali takyto efekt, nemo6zeme plne vyluéit, Ze kombinovana lie¢ba rTMS/EKT mbze
indukovat manickd symptomatiku, avsak na potvrdenie tejto Spekuldcie je nutnych podstatne

viac dat. V literature su opisané pripady indukcie manie EKT, niektoré Studie dokonca
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uvadzaju, Ze az u 12,5 % pacientov liecenych EKT dochadza k takémuto presmyku (13). EKT je
vSak zname predovsetkym svojou vysokou efektivitou pri liecbe manickych epizéd. V literature
sa objavuju aj autori, ktori povazuju EKT za efektivnu aj pri lie¢be manickych epizéd, ktoré su
nou indukované — Thomas et al. 2018 (53). V pripade pacientov v nasej Studii doslo
k reklasifikacii ich primarnej diagnézy na F31.8 (iné bipolarne afektivne poruchy). Tuto
observaciu povazujeme za doleZitu a v pripade dalSich studii, ktoré budu explorovat vztah
medzi rTMS a EKT, je nutné na tento vedlajsi Gcinok mysliet a pacientov monitorovat.
V pripade vyskytu hypomanickej/manickej symptomatiky odporuca protokol ukondit. Ako sme
uz pisali vyssie, u vSetkych pacientov doslo k spontannej stabilizacii ndlady do tyzdna od
ukoncenia lieCby rTMS/EKT, bez nutnosti nasadenia stabilizatorov nalady a zmeny medikacie.
Je viak, samozrejme, mozné, Ze tato observdcia bola len ndhodna a s pouzitym protokolom
nesuvisi. V experimentalnej skupine bol jeden pacient s primarnou diagnézou bipolarnej

afektivnej poruchy, u ktorého sme nepozorovali preSmyk do manie.

Okrem spominanej hypomanickej/manickej symptomatiky sme v experimentélnej skupine
klinicky nezaznamenali Ziadne vedlajSie Uclinky tohto protokolu. V budlcnosti vsak
povazujeme za vhodné pouzZitie symptomatickych a kognitivnych 3$kal pocas lieCby

na presnejSie posudenie ich pripadnej pritomnosti.

V poslednych rokoch sa objavovali studie, ktoré skuamali, ¢i je kluCovym determinujicim
faktorom ucinnosti EKT a vyskytu vedlajSich neurokognitivnych efektov absolitna EKT ddvka
alebo davka relativna k zachvatovému prahu individudlneho pacienta. V sérii studii z Columbia
University (44) bola opakovane zistend vyrazna asocidcia prdve s davkou relativnou k ZP a nie
s absolutnou davkou. Jednou z metdd, ktora by v budicnosti tuto hypotézu mohla testovat, je

manipulacia so zachvatovym prahom testovanych subjektov tak, aby sa v priebehu liecby
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menil, zatial ¢o by sa udrziavala proporéne velkost lie¢ebnej davky podla ZP. Toto je moiné
s pouzitim niektorych farmakologickych agens, ktoré si spominané v teoretickej ¢asti nasej
prace, predpoklada sa v3ak, Ze ich psychotropny efekt méze skreslit vysledky vyskumu.
Vyuzitie rTMS na manipulaciu ZP preto mdze byt zaujimavou moznostou, ako overit hypotézu,
¢i su vedlajsie neurokognitivne efekty zavislé od absolutnej davky EKT alebo davky relativnej

k zdchvatovému prahu individualnych subjektov.
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5. Zaver

V nasej praci sme potvrdili hypotézu, Ze aplikdcia vysokofrekvenénej rTMS pred EKT znizuje
zachvatovy prah. Toto m6Ze mat vyznam u niektorych typov pacientov, napriklad u jedincov
s vysokym ZP, u ktorych je indikovana lie¢ba EKT alebo u pacientov, ktori uZivaju vysoké davky
benzodiazepinov, ktoré je problematické pred zacatim lieCby EKT znizit. V niektorych
krajinach, ako napriklad USA, je na rozdiel od Ceskej a Slovenskej republiky povolené pouzivat
EKT pristroje s polovicnym maximalnym ndbojom, aplikacia rTMS pred EKT teda méze byt
prinosna pre pacientov s vysokym ZP, kde by inak bola nutna aplikacia niekolkych davok EKT.
Dal$im praktickym prinosom tohto poznatku je potencidl aplikicie rTMS k manipulacii ZP
na overenie hypotézy zavislosti vedlajsich neurokognitivnych Gcinkov na absolutnej ddvke EKT

alebo davke relativnej k ZP.

Nepotvrdili sme efekt rTMS na dizku zachvatu a Gcinnost EKT, tento efekt v predchadzajcej
praci naznacoval francuizsky tim Rotharmel et al. Nemo6zZeme v3ak vyluéit, Ze pouZitie iného

lieCebného protokolu ovplyvni aj tieto parametre lie¢by EKT, budu vsak potrebné dalsie studie.
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7. Prilohy

7.1 Publikacie autora k téme augmentacie EKT

7.1.1 Clanok A — Seizure threshold manipulation in electroconvulsive therapy via repetitive

transcranial magnetic stimulation. A novel way of augmentation?
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abstract

articleinfo

Introduction: A high seizure threshold (5T) iz an impeding factor in certain patients, patentially pre-
venting a successful electrocomvulsive therapy (ECT) treatment. Several pharmacclogical and nomn-
pharmacelogical methods have been put forward to augment ECT in such patients, however, to this
dare only 2 handful of case reports existed about the potential rale of repatitive transeranial magnetic
stimulation (fTALS), a5 an augmentation methad.

Objectives: and Methods: In this randomized, double-blindad, sham controlled study, we set out to test
the hypothesis of whether the application of high frequency transcranial magnetic stimunlation (HF gTRS)

Avnilable online 20 September 2020

K ds: - - -

]._é..!:.”m ’ lowers the seizure threshold for elactroconvulsive therapy and whether it bas ap_effect on other aspects
Suisure threshold of ECT treatment, such as seizurs duration (SD), efficacy and szafety.

:J'M:‘-‘, i Fesults: 46 patients treated for a major depressive episode, indirated fnr ECT, were recruited to this

study. A significantly lower seizure thrashold was phssrwed in the experimentzl growp during ECT
titration, on average a decrzase by 34.55%, from 34.23 MGt 22.4 MG, P < 0001 (Wileox test). We had not
abserved a significant effect of TS stmulation before ECT on saizure duration or clinieal ootcome.
Ancther potentially impertant observation of this study is that 4 patients in the experimental gronp
devaloped transient symptoms of hypomania/mania, all of which were stabilized after the combined
stimulation protocol was halted spontansously within a week, withont the need to administer mood
stabilizers.
conclusion: Itis likely that HF pTAL5 stimulation prior to ECT is 2 novel and simple way of reducing the ST,
which is useful in certain groups of patients undergoing this important treatment modality.
© 2090 The Author(s). Enhlishad by Elsevier Imec. Thiz ic an open access article under the CCBY-NC-ND
lirense (http:/ /ecreativecommons.org/licenses by-ne-nd /4.0,

for instance, was shown by Bnj-Alvarez et al. [3] to lower the ST by as
much as 45%, however, other authors have failed to reproduce this

Introduction

Electrocomvulzive therapy (ECT) is a zafe and effective biological
treatment modality used in pswchiatry for a variety of newropsi-
chiatric. conditions [iz,26,30]. However, there are patients who
respond poorly to standard ECT protocols e one of the major reasons
is the presence of certain impeding factors, such as a high seizure
threzhold (ST) (Loo et al.) [9].

Different modalities with the potential to augment ECT have been
examined in the past [o], as early as the 1950°s [6]. Hyperventilation
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result, with some observing no significant changes to the zsizure
threzhold [5]. A more consiztent and known effect of hyperventilation
is a prolonged seizure duration, in some studies as much as 50z [23].
The reported variances in seizure duration, howsver, are quite high.
Newer studies by Nishikawa et al. and Porter et al. [14,27] suggested
that the combination of hyperventilation and the application of
remifentanil priorto ECT might significantly prolong SD. The effect of
hyperventilation on clinical outcome has been described as moderate
at best by some authors [5].

Another examined modality iz pretreatment with caffeine,
theophylline and zapthines [o]. Caffeine was shown to increase the
seizure duration in several studies, the prolongation varies from 4%

nses, hy-ne-ndf 4.0,




to 127%,. So far, there is not enough evidence to demonstrate that
caffeine significantly affects the seizure threshold. The effect of
caffeine administration on clinical outcome is not conclusive, some
anthors snggesting a moderate effect. Caffeine was described in
several case reports to have caused concerning adverse effects &
prolonged seizures requiring a pharmacological intervention, severe
anxisty and agitation after the procedure and cardiac arryvthmias.
Similarly to caffeine, the use of theophylline prior to ECT was shown
to increase the seizure duration. Mo study to date was published that
asseszes the role of theophvlline in clinical outcome. Furthermore, a
concerning drawback in the usage of theophylline is a risk of status
epilepticus @ 3 case reports have heen published of thiz AE
appearing in patients undergoing ECT while administered theoph-
¥lling, Xanthines have also been used to prolong seizure duration, as
described in a study by Stern et al. [25] So far, however, no conclusive
data besidesz a handful of case reports exist regarding its effect on
clinical outcome or seizure threshold.

In the study published bv Gilabert et al. [4]. sleep deprivation was
proposed as a safe modality to augment ECT. It was demonstrated
that it significantly reduces the seizure threshold and increases
seizure duration, with little to no risk associated in its uzage. The
experimental group showed a lowering of the ST from 190.4 G to
151 mC. between the first and last ECTapplication. No major effect on.
clinical outcome was obzerved.

A case zeries was published by Yi et al. [31], where authors
described 3 elderly patients in whom the application of Aumazenil
improved seizure quality, however, it was not clear whether it
affected the seizure threshold as well.

Ketamine was alzo considered to angment ECT treatment. In a
study conducted in 2017 by Trevithick et al. [29], however, no gxji-
dence was found for low dose ketamine usage in ECT as the resulis
excluded greater than small to moderate benefit with o5% confidence.

Finally, in 2018 a case series report was published by Botharmel
et al. [21], putting forward the idea of augmenting ECT treatment
via rTJ83. They reported an effect on reducing the ST, prolonging
seizure duration and increasing the efficacy of ECT. In 2019, our
team published a case report of a patient with an extremely high
seizure threshold (Albrecht et al.) [1], in which the application of
high frequency repetitive transcranial magnetic stimulation (HF
rTW3) prior to each ECT sezzion rezulted in a reduction of 5T by half.

Study aims

In thisrandomized, double-blinded study, our primary goal was
to test the hypothesis, whether the application of HF £T03 before
ECT lowers the seizure threshold. Our zecondary goal was to assess
whether this fT)S “pre-stimulation” influences other aspects of
ECT treatment, such as seizure duration (8D), efficacy and zafety.

Subjects and methods
Subjects

A pgroup of 46 patients between the ages of 18e74 treated for a
major depressive episode and referred for ECT at the Department of
Pavchiatry of the First Faculty of Medicine and General University
Hospital in Prague were recruited to the study throughout the vear
2019 (Fig. 1) [13]. Thiz study was approved by the Ethical Com-
mittes of the General University Hospital in Prague (n. 1933/18 S-
V) [10]. All patients met the following criteria: no other axis 1
disorder, age equal to 18 or higher, score equal or hisherthan zoon
the Montgomery-Asherg Depression Scale (MADES), no ECTinthe
last 3 months, no known significant neurological disease. All zub-
jects were hospitalized throughout the study and signed a written
informed conzent, Diagnostically, the suhjects were categorized

51

Seimulotion 1y {2000] 16 rertgd

according to the International Classification system of Dizeaszes
(ICD-10), their precise distribution is summarized in Table 1. The
total number of ECT treatments and concomitant medication was
determined by the patient's treating psychiatrist based on the
clinical manifestation of the subject. Two subjects were gventnally
not included in the study & _one refused to continue with further
administration of rTA]S and ECT, one patient was discovered to have
a major neurclogical comoerbidity duging the course of ECT. In the
end, the study totaled 44 patients (21 in the experimental group
and 23 in the control group). There were 16 females (F) and 7 males
(M) in the control group compared to 11 females and 10 males in
the experimental group. No significant difference between the age
in the experimental and control groups were found. We also
compared the dosage of benzodiazepines administered to both
group of patients {calculated to equivalent doses of lorazepam in
milligrams e eq/1 using the Ashton Manual) [15] and did not ind
any significant differences between their use in the experimental
and placebo gronps respectivelv. Mo significant differences were
found in the dosage of propofol/succinylcholine during the titration
of ECT and in the usage of concomitant medication (Table =).

Study design

The study was undertaken as a double-blinded, randomized,
sham stimulation, controlled study. Subjects were divided into the
experimental and control group via blocked randomization, using
the randomization software Sealed Envelope (block size 2 and 4)
[24]. One co-author of this study (LTH) was selected to perform this
randomization, another co-author administered real or sham
stimulation, but was blinded to the block size (AJ). The electro-
convulsive team (ECT psychiatrist, ECT nurse, anesthesiclogist and
anesthesiologist nurse), the subjects, the attending psychiatrists
and the rater were blinded to the allocation of the subjects in the
experimental/control group.

Prior to the first ECT session, we measured the cortical motor
threshold (CMT) in all patients using Medgles Synergy® EMG. After
a brief explanation of the TMS procedure, the patients were seated
on a chair. Two pre-gelled single-use electrodes were placed on the
region of the right abductor pollicis brevis. The neutral electrode
was placed on the volar zide of the right antebrachium. The center
of the coil (Jagstim D7o remote coil) was at first placed 5 cm
lateral of the vertex on the ipteranricular line, with the handle in
the parasagittal plane. If's localisation was then gptimised. accord-
ing to the application of pulses and the resulting MEF as shown
through the lMedelec Symergy software. The measurement was
initiated in each patient at 20% energy level, in the absence of motor
evoked potential (MEF), this energy was gradually increased by 5%.
The CMT was defined as the lowest stimulus intensity at which TMS
(Mazstim® Rapidz with Dyo remote coil) produced a motor evoked
potential in at least 5 out of 10 trials, as described by Rossini et al.
[20]. The left dorsolateral prefrontal cortex (LDLFPC) was then
identified in each patient using peuronavization (Visor™28T) on
the basis of individual native MEI scans.

Subjects allocated in the control group were stimulated in a time
interval of 3cefo min before each application of ECT with the
Magzstim AirFilm Sham Coil on the LDLFPC region using the
following parameters (a total of goo pulses, frequency 15 Hz, goo
pulses divided into 6 trains, intertrain 6oz, duration of 1 train 10s).

Subjects allocated in the experimental group were stimulated in
a time interval of 30e80 min before each application of ECT with
the Magstin. Airflm Coil Rapid on the LDLFPC region using the
following parameters (100% of the individually measured CMT,a
total of goo pulses, frequency 15 Hz, divided into 6 trains, duration
of 1 train 103, the intertrain was calculated automatically by the



I Budoy, L Altweck

Assessed for eligibility (n=T0)

Excluded (n=24)

+ Mot meeting inclusion criteria (n=22)
+ Dedined fo participate (n=1)

+ Other reasons (n=1)

Randomized (n=48)

._I Allocation |

J

Allocated to intervention (n=23)
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+ Received allocated intervention (n=23)
Control Group

Lost to follow-up (n=0)
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Fig. 1. Cansart diagram flow of patient enrollment, allocation, fgllpgn and analysis [CONSORT 2010 flow diagmm. CONSORT fow dingram templabe courtesy of http: /e

eonsort-statementorg/consart-statement/Aow-dingram, available vin CC-BY license).

Magstim Rapid 2 device depending on the measured CMT and
lasted between 445 and 102s).

ECT itself was conducted in general anesthesia (applied by an
anesthesiologist) induced by propofol (1,5 mg/ke) and manrelas-
atign by suecinylcholine (2oezo mg). All patients were adequately
ventilated with 100% O2 throughout the procedure. The subjects
were not hyperventilated prior to ECT application.

Table 1
Basic characterization of subjects (N-namhber of subjects, biological sex, age, ICD-10

diagnoses, equivalent dose of benzodinzepines ealeulated to lorazepam e eq/l,
propofol dose during ECT vitration, bageling and end MADRS score).

Experimental Contral
.| 2 3
uFlwoM w6Fis M

mean Y 4819, 8D ¥ 14.68
o yes/2Lne
1yes/2o ng
4 yes/17 na
2 yes 1) no
o yes/21no

mean ' 48,48, 8D % 15.09
2yesa1na
tyes/eznn
4 ves 1y na
2 yes/21 na
5 yes/18 no
4 yes 14 na
4 ves/1h no

5 yes /16 no

Fyquz Lyes/eann
eq/fl Sl Y 08 mean Yool S0 Y 0.47
prapofol Mean ¥ 12333, 80 % 22 80 mean Y 12565, 5D

S
30 % 6.5 mean V4 3074, S0 %8B
A 4 8.34 mean ¥ 8D i Bag

To MANES  Mean % 34.85
T2 MADRS BMean %134
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The seizure threshold (3T), defined as the stimulus dose at which
there was definite evidence on the EEG of a generalized bilateral
seizure activity e the presence of epileptiform transients such as
spikes and sharp waves, clearly distinguishable from the background.

Table 2
Pharmacalogical treatment used in both groups and respective comparative Fisher
tests,

Experimental  contral prvalae adjusted povalue

Dy 17 yes/4 no 20 YRR 3 IO £LEGLT PR
abie 7yesfigna B yes/is oo LBBuGe LOBO0
beR. iyesf2onn ayes/22na L Loa0n
Li | yesfap oo gves/20no a.6086 LOBO0
Al 21 na 23 no

AP 14 ves [T no 13 yes 10 na 05477 ERTELE]
APy 21 na 23 ne

HASSA B oyes/15 no 7 yes16 na LN LOBE0
SARI 0 yes 21 na 3 yes 20 no 2341 1

S5R1 e514 na LN LOBE0
SNEI E5{ 14 N [RELE PRTTETTE]
TCA L e ma LERBEN

YRk 2 yes/1g no o588 Boo
Agn = yes 1 no 05088 PRITELE]

(BED-hensodinzepines, guiie-antiepileptics, byprhvpnoties, Li-lithinm, AP e 151
peneration antipsvehoties, AP2 e 2nd peneraticn antipsychotices, AP3 & and zopes-
abing antipsychetics. HaSss, - Noradrenergic and specific serclonecgic godidepres:
S SARD - Serotonin antagenist and renplake inhibitors, 33R1 - Selective serotonin
reuptake inhibitors, SNED - Serotonin and norepinephrine reaptake inhibitors, TCA &
tricyclic antidepressants, ggplvortioneline, Ago & SEpRElRER-




EEG was monitored via a two-channel bifrontal placement of EEG
electrodes. ECTwas titrated with a right-unilateral (RUL) plagementof
electrodes on the MECTA spECTm ™ soooq). All subjects had their
seizure threshold determined using the stimulusz dose titration
technique as described by Sackeim et al. [22]. ECT was administered
using a first titration stimulus dose at 0.6 mC (frequency 20 Hz, pulse
width 0.3 ms, amplitude 800 mA, stimulus duration 12) for all par-
ticipants, If no seizure occurred, this dose was raized to 19.2 @G
(frequency 20 Hz, pulse width 0.3 ms. amplitude 8oo mA, stimulus
duration 2s), 38.4 mGC (frequency 20 Hz, pulse width 0.3 ms, ampli-
tugde oo mA, stimulus duration 4z) and 76.8 mG (frequency 20 Hz,
pulse width 0.3 ms amplitade 800 mA, stimulus duration 8s)
respectively, During the second ECT session, subjects were subse-
auently treated with 6x ST RUL ECT (using the MECTA spECTum ™
soo0() titration table). The respective 6x ST parameters are as follows
- 6.8 m (frequency 2o Hz, pulse width 0.3 ms, amplitude 8oo mA,
stimulus duration 8s), 115.2 ;G (frequency 30 He, pulse width 0.3 ms.
amplitude 8oomA, stimulus duration 8s), 230.4 mG (frequencyfo Hz,
pulse width 0.3 ms amplitade 800 mA, stimulus duration) or
460.8 mC (frequency 120 Hz, pulse width 0.3 s, amplitude Soo ma,
stimulus duration 8s) Seizure length was used as an outcome pre-
digtor in this study e if the seizure length on the EEG was lower than
153, the ECT dose was raised by the ECT team during the next session.
In general, the ECT team raised the respective parameters in this order
e time of application, frequency, pulse width and amplitude until a
maximum weould be reached in each respective parameter. If the
seizure length was longer than 7os, the ECT team would reduce the
dosze during the next session. HF fT3.3 (or sham T3 in the placebo
group) and ECT was administered three times a week on alternating
work davs (Monday, Wednesday, Friday). MADES was used to stratify
the severity of symptoms by a rater, who was blinded to the patient's
allocation within the experimental/control groups. It was gdminis-
tergd 3 times in total @ one day before the commencement of the
treatment, after five combined rTA15/ECT sessions (if the patient had
less than five sessions it was administered one dayafterthe last TS/
ECT zeszion) and at the end of hospitalization. The patients were
clinically monitored by their treating psychiatrists twice a day for the
presence of any adverse effects.

For the comparizon of the monitored variables between the
experimental and control group, the {-test was used, in the case of
variables where it was not possible to expect the normality of divi-
sign, theMann-Whitney Utest(Wilcoxtest)wasused. Differencesin
thebiological sexwere tested using the € *-test. Testswith a result of
less than 5% were considered to he significant, The Spearman gor-
relation test was used to gnalyse the relationship between the time
interval of fT03/ECT and 8T. Analysis was performed in the statis-
tical package R version 3.6.1 (R Core Team, 201g) [18].

Results

Using the Mann-Whitney U7 test, a significantly lower seizure
threshold was observed in the experimental group, on average a
decrease by 34.55%, from 34.23 mC to 22.4 mC. p < o.001 (Fig. 2).
Mo significant difference in the duration of the seizure during
titration was discovered between the experimental and the contral
group (Table z).

No significant difference in the outcome of treatment via MADRS
at the beginning (To) and end (T2) was registered. Mean improve-
ment in the experimental group: 20.4 points compared to 10.7
points in the control group (Table 3).

No significant difference was dizcovered in the number of total
ECT applications. The mean number of applications in the gxpgri-
mental group: 7.9 compared to 7.21 in the control group (Table 3).

A significantly lower charge was recorded during the znd ECT
application (when 6xST RUL was administered). During the rest of
the course, no significant differences in the administered charge
were recorded between the experimental and control group. Thers
was not a significant difference in the number of patients in each
respective group, where the ECT dose was raised (17 patients from
the experimental group and 14 from the control group had their
final ECT dose higher than their original 6x5T). The ECT dose was
lowered in two subjects throughout the course. In one case it was
lowered in the control group during the 14th application in a pa-
tignt due to a prolonged seizure in the previous session. The other
case was a subject in the experimental group where the dose was
lowered during the 12th ECT application for the same reason,
howewer it was then increased again. (Table 4).

We have not found any correlation between the time interval of
TTMA/ECT and seizure threshold (Fig. 3).

Finally, we would like to mention that 4 patients in the gxper-
imgntal transitioned from severe depression to hypomania/mania.
This mood change was progressively registered by the attending
peychiatrists clinically at first and subsequently rated on the Young
Mania Scale, where these patients scored between 25 and zo
points, All subjects who experienced this transition were patients
who were indicated for ECT due to pegourent depressive dizorder
(F33.), in one case with a moderately severe depression phase
(F33.1), the other three cases with a severe depression phase
(F33.2). In two cases, this switch occurred within five applications
of fTAS/ECT, the other two cases occurred within ¢ and 10 appli-
cations respectively. An euphoric mood, a quick flow of ideas, fast
speech, a reduced need to sleep and an increased need for physical
activity were present. Mone of the patients experienced psychotic
symptoms, thev co-operated throughout the entire treatment and
had insight into this condition. After these symptoms occurred, the
treatment protocol was halted by the treating psychiatrists. The
patients were then observed and their mood stabilized spontane-
gnsly, in all cases, within a week after the cessation of fTLJS/ECT. No
additional pharmacological intervention (mood stahbilizers) was
administered during this phase.

Discussion

The results of our study seem to confirm the finding from our
previous case report. Subjects in the experimental group have a
significantly lower seizure threshold, the difference between mean
8T: in both groups was 34.55%. We hypothesize that thiz was
possible due to HF TS administered shortly before ECT, which
resulted in increased cortical excitability, thus lowering the energy
needed to imduce an epileptiform seizure. According to some
studies, the after-effects of HF TMS may last up to 9o min after
stimulation [8,10], depending on its intensity, pulse number and
frequency. Further studies are needed to determime whether
decreasing the time between TS and ECT, increasing the stimu-
lation intensity or frequency would result in an even more signif-
icantly lowered seizure threshold.

In our study, we used the same stimulation protocel as in our
previous case report, however, we decided to select LDLFPC as the
TS stimulation location instead of the supplementary motor area
(8114). Thisiz a common logalization of standard rTAS protocols used
to treat depressive disorders (10). Furthermore, we had the experi-
ence of SMA stimulation being uncomfortable for the patient, as the
logalizsation near motor areas canszes generalized muscle twitches
during the procedure. We have not chosen a standard protocel used to
treat depression and opted for a lower total number of stimuli in arder
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Fig. I. Seizure threshald diferences during ECT titration in compared groups,

Table 1

Comparison between the seizare threshold during titeation, average seizare lenglh
during titration, change in MADES score and number of wtal ECT applications in
Bath graups with respective Wileex tests,

pevalue adjusted prvalus
charge /R vs. group o.0007 ooua8
EEG endpaint vs. group LAHHEO
T Tz MADRS vs. group L0
Number of ECT applica LR

to make the session shorter before ECT. Alternative stimulation lo-
cations or protocols may produce different results.

The *pre-stimulation® via fTh3 doesn't seem to affect the duration
of seizures, the number of total ECT applications or the efficacy of ECT
as measured via MADRS. Based on a previous case report by Roth-
armel et al. [21], we expected a cumulative effect of both treatment
modalities, however, thiswasnotconfirmed statistically. The French
team used a different treatment protocol &__the report includes 2
patients who were stimulated with an HF trTMS of 20 Hzatgo% of

Table 4

CMT, with 2o trains, the duration of 1 train 22 and the intertrain in-
teryal 6os. One patient received 7y S treatments and theother 1o.
Afterthe course of ;TM 3 was completed, ECT was applied e the an-
thiorsreportthat the patients had a reduced 8T, longer zeizures and
alzo observed an increase in the efficacy of ECT compared to their
clinical experience, however a control group was not specified.

Our study did not show a statistically significant difference in the
number of patients ipwhich the ECT dosenas increased due toa short
duration of seizures (defined as EEG epileptiform activity shorter than
153) & 54.84% of patientsin the control zroup and 45.16% of patients in
the experimental group. After the second ECT session, wealso did not
register significant differences in the delivered charge between both
groups. We expected that the average charge in the experimental
group would remain lower throughout the entire treatment. How-
ever, we need to mention that many patients reached remizsion
within 6 applications of £305,/ECT and thus only a limited number of
subjects continued past the 6th application. We also acknowledge
that zeveral recent studies prefer different parameters than seizure
length az ECT outcome predictors (seizure quality, speed of postictal

Average ECT charpe thronghout ECT sessions and respective Mann-Whitney tests (application o refers W litration and the found seizure threshold, N Y% number of patients).

ECT applieation n. Experimental {mean) eontral {mean) experimental N eontral N pevalue adjusted p-value
(Titration) o z1 LN [T
(6x 8T) 1 21 L0007 ooz
E =z L
k] 2054030 21 LMDEHD
3 Eig b 20 04885 Loban
5 z3f.0Eoo z0 B2 L AREHD
L] 2hig. 16 0686 LERSEHD
T a3 RO LaHEHD
4 12 9 a5 LoD
L UL L] & a8 LLEHBEHE
1o 215 0400 - 5 0.5518 Loban
11 g0 3 4 1947 LI
1z 358.g000 3072060 3 = .76 Loban
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suppression) [7], therefore it is possible that using these alternative
variables az an outcome predictor might produce different long-term
results in future stodies. The subjects were alsn not re-titrated
throughout the procedure, therefore it iz not possible to make a
valid comment about the long-term effectiveness of this “pre-stim-
wlatign” based on the results of this study.

We were also interested in whether there is a relationship be-
tween the time interval of rTMS/ECT application and seizure
threshold. It proved technically challenging to keep this interval the
zame in all patients @ however, no correlation was discovered.
Some authors state that the after-effects of rTIJ3. stimulation on
cortical excitability might last longer than go min. We cannot
exclude however, that a shorter time interval than 30 min (or
longer than 8o min) might produce different results (Fiz. 3).

We also think that it is important to mention our experience with
4 patients from the experimental group, who transitioned from se-
vere depression to hypomania/mania. All of these patients scored 25
to 20 points on the Young Mania Rating Scale (2 within five appli-
cations and 2 within the gth and 1oth application). None of these
patients were diagnoszed with bipolar disorder prior to this treat-
ment. None of the patients in the control group in our study were
recorded to have manic symptoms, therefore, we cannot rule out the
possibility that FTMS stimulation prior to ECT is more likely to induce
these symptoms, however larger samples of patients and more
studies are needed to confirm this speculation. Literature reports on
mania after ECT are varied, with some reports recording an alleged
12.5% incidence in depressed patients undergoing ECT [z]. ECT,
howewver, is more known for its high effectiveness in treating mania
[16] and there are even authors who report that ECT is effective in
treating manic episodes that were induced by this treatment
(Thomas etal.) [27]. This observation is potentially important in case
of further studies exploring this combined protocol. It is necessary to
clozely monitor patients for the presence of manic symptoms. If such
symptoms appear, we recommend halting the treatment protocol.

As mentioned above, in all instances, the mood of our subjects
spontaneously stabilized within aweek afterthe cessation of LTS/
ECT,withoutthe need foradditional pharmacological intervention.
We recognize that this might represent a diagnostic challenge, as
currently, ECT induced maniais considered asbipolariaccording to
D5M-V.Inthe Czech republic, weuse the ICD classification and our
patients were reclassified as F21.8 (Other bipolar affective disor-
ders). Theze patients are monitored by an outpatient psychiatrist
and up to this date, none of them were treated with mood stabilizers
and their mood remains stable.

Beside this, we have not recorded anv AEs using the combined
TMS,/ECT protocol clinically, however, future studies should include
the usage of symptomatic scales throughout the treatment.

It has been debated for a long time, whether the kev determinant
in neurocognitive side effects and efficacy of ECT is the absclute
electrical doze or the dose relative to 3T. Since it seems that fTAS has
the potential to significantly lower the seizure threshold, this would
provide an interesting opportunity to shine mare lisht on this issue,
by using rTME totransientls manipulate the seizure threshold before
administering ECT. It might prove advantageous to use this method
rather than pharmacological agents, that can confound the outcome
of ECT treatments via their psychotropic effects. This “pre-stimula-
tion” might also be useful in countries where ECT devices are more
limited in terms of their maximum charge, as is the current situation
in the United States. Other modalities, such = transcranial direct
current stimulation, might also be an interesting option to explore in
terms of possible ST influencing [11].

Study limitations

Az mentioned earlier, concomitant medication of patients was
decided by the treating psvchiatrist, therefore the subjects were on
medication that could have affected the seizure threshold, especially
the usage of anticonvulsants /benzodiazepines. This is not necessarily
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Fig. 3. Relntionship hetween the time interal of ZEMS/ECT and seizure threshold during titration.
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a major drawback as pointed out by other studies exploring seizure
threshold in ECT [28], for these patients are representative of those
undergoing ECT in the general local community.

The study is limited in the psyvchometric scales that were utilized,
using MADRS to determine the severity of depression symptoms.
Future studies may include subjective mood scales and alsg thor-
ongh cognitive and symptomatic scales to determine any difference
in cognitive outcome or the presence of other adverse effects in the
tested groups.

Amother possible study limitation is a rather varied time interval
of 30e8o min between the application of TMS and ECT e it proved
to be technically and perscnally challenging to keep this interval
shorter, we cannot fully exclude that its reduction (or prolongation)
might produce different results.

The seizure threshold was recorded during the titration during
the first ECT treatment. The study therefore does not monitor
whether the effect of TM3 stimulation on ST lasts throughout the
rest of the ECT course, as subjects were not re-titrated. Future
stodies could explore this relationship, for instance, by re-titrating
and determining ST after five combined TMS,/ECT treatments.

The final weakness of this study is that we have not formally
aszessed the rater and ECT team for blinding success.

Conclusion

Our studysupnarts the hypothesiz that high frequency transcranial
magnetic stimulation applied shortly before an ECTsession, can reduce
the seizure threshold. This simple and novel method of reducing 5T
might be useful in certain patients, especially in cazes where ECT
practitioners strugele to induce a therapeutic seizure even at higher
ECT doses or in patients where we expect the 3T to be high due to the
presence of concomitant medication (high doses of benzodiazepines
orantiepilepticdrugsthatarechallenging towithdrawduringa course
of ECT). We have not observed a statiztically zignificant effect on
seizure duration and clinical outcome. A potentially important
observation iz the presence of manic svmptomsin 4 patients from the
experimental group e currently, we cannot rule out that the combi-
nation of these methods makes it more likely to induce this effect.
However, the mood of all patients spontaneously stabilized within a
week after the cessation of the treatment. Further studies are nesded
to confirm this hypothesis and identify the most efficient rTLAS, pro-
torgl and stimulation location to reduce the seizure threshold.
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transcranial magnetic stimulation: A case report

abstract
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We demonstrate the feasibility of lowering the seirure thresheld using a combined approach of gleg-
toonnyilsine, therapy and transcranial magnetic stimunlation. High-frequency transcranial magnatic
stimulation of the supplementary motor area shortly before each electroconvulsive treatment session
resulted in a reduction of the seirnre threshold by half in 2 male patient with a severe psychotic
depreszive episode of bipolar affective disorder.

& 2019 Elsevier Inc. All rights reserved.

Introduction

Electroconvulsive therapy (ECT) is generally viewed as an gffgg-
tive, fast, zafe and widely used method of treatment in a variety of
severe neuropsychiatric conditions [3,10]. However, it has also been
associated with neurocognitive side effects [2].

Transcranial magnetic stimulation (TMS) is likewise a safe, gffi-
carions and well-tolerated method [1], even in resistant cases, but
with substantially lower efficacy than ECT [s5].

Some patients have a seizure threshold that is near or over the
maximum intensity that most devices can _deliver, which makes
the treatment less effective and increases the risk of adverse effects
and cognitive deterioration.

In this article, we outline the case of a patient treated for a

i depressive episode with peychotic symptoms,
where we attempted to augment ECT via high-frequency TMS *pre-
excitement” (HF-TMS) of the left supplementary motor area
(SMA).

Case presentation

A v6-vear old right-handed Caucasian male with doctoral edy-
cation was admitted for a_pharmagoresistant depressive episode
of bipolar affective disorder with psychotic symptoms. He had
already been treated for more than five depressive epizodes with
various types of medication and once with electroconvulsive ther-
apy resulting in successful remission.

Upon admission, hiz psychiatric medication consisted of 20 mg
of escitalopram and 10 mg of olanzapine. The patient initially
refused to undergo ECT and treatment was therefore pharmanolos-
igal. The dailv dose of olanzapine was increased to 20 mg and 30 mg
of mirtazapine was added, though without zignificant effect. The
patient had also been diagnosed with several somatic conditions,
ie. hyperlipidemia, hypertension and benign prostatic hyperplasia,
but at the time these were fully compensated with pharmacological
therapy (5 mg of perindopril, 40 mg of ezomeprazole, 20 mg of

his reserved.
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atorvastatin and 0.4 mg of Tams=ulosin). He was classified as ASA
2 with unremarkable laboratory values and a physiological
electrocardiogram.

During the first week of hospitalization, the patient’s state pro-
gressively deteriorated: depression and psyvchosis worsened, and
symptoms of catatonia emerged e mubism, stupor, negativism
and waxy flexibility. The patient refused to eat and drink.

ECT was initiated without the patient’s consent based on the
guidelines of the Czech Psychiatric Association and following the
Czech legal requirements for involuntary treatment of life-
threatening conditions.

General anesthesia was induced by Propofol (1.5 mg/kz) and
myorelaxation by 30 mg of succinylcholine; 0.8 mg_of atropine
was injected subcutaneously 6o minutes prior to each treatment.
We planned to administer right-unilateral ultra-brief ECT three
times a week (see Table 1). At the first ECT session, the dose was
titrated: we started at a higher charge of 76.8 mC (0.8 A; 0.3 mas_
8 s; 20 Hz) due to the patient's high zeizure threshold (ST) during
a previous ECT session in 2005. However, no ictal activity on a two-
channel electroencephalograph (EEG) was recorded. The seizure
threshold was eventually established at 153.6 @G (0.8 A:

0.3 ms: 8 5; 40 Hz) and the subsequent seizure lasted 18 5. The ther-
apeutic dose was established at six times the 8T (0.8 A; 0.3 ma; 8 55
120 Hz).

Starting from ECT session two and up to session seven, the pro-
torol was intensified to evervday application due to the patient's
severe catatonic state, which is common practice at our department
and in accordance with the guidelines of the Czech Psychiatric As-
sociation [8]. The charge during the treatment had to be increased
to achieve an adequate duration of 20e60 seconds of EEG_epilepti-
form activity.

The pulse width was gradually elongated to 0.75 ms [4] and a
charge of 1152 m was reached (the maximum of the European
wersion of the MECTA SpECTrm, s000Q%).

The patient’s state improved after the fifth treatment and symp-
toms of catatonia subsided. The patient was no longer legally
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Duration | Frequency Pulse width| Charge Dynamic Energy
"::’“ Jm"”u::‘ delivered | delivered | delivered | delivered |impedance | delivered "m':‘:’
: [s] [Hz] [ms] [mC] [Ohm] U]
titration | o | 8 | 20 | 0.3 768 | 226 | 14 o
1 no 8 | a0 | 0,3 1536 | 200 | 24,6 18
2 1) 8 | 120 0,3 4608 | 220 82,3 11
3 no 8 | 120 0,45 6912 | 215 1232 a
4 no 8 | 120 0,6 921,6 210 1638 7
5 o 8 120 0,7 1075,2 210 1858 12
] 1) a8 | 120 0,75 1152 196 189 25
7 no 8 | 120 0,75 1152 192 186,6 0
8 o 8 | 120 0,75 1152 210 2088 0
9 no 8 120 0,75 1152 207 2016 22
titration yas 8 | 20 | 0,3 768 | 233 144 | 10
10 yes 8 &0 0,3 230,4 204 |E | i3
11 yos 8 | 60 | 03 2304 | 236 a8 | 0
12 yos 8 60 0,3 230,4 228 42,1 | 20
13 half dose 8 60 0,3 2304 257 484 10

considered to be in a life-threatening condition, was re-informed
and agreed to continuation of the ECT.

The patient's mood, however, remained severely depressed.
Emotivity was flat and the patient experienced episodes of anxious
tension, nihilism, parancia and micromania. We also suspected a
cognitive impairment.

A change of approach e a combination of TMS and ECT

We sought a way to lower the seizure thresheld of the patient
and thus the adminiztered charge during ECT without using stan-
dard methods for reducing seizure thresholds (es.
hyperventilation).

It is widely accepted that high-frequency repetitive transcranial
magnetic stimulation (HF-TMS) increases cortical excitability [7]
and lowers the ST. Its after-effects may last up to go minutes.

The premotor cortex, primary motor cortex (M1) and SMA are
all parts of the frontal motoric circuit. SMA has projections to the
putamen, subthalamic nucleus and the internal globus pallidus.

Based on these Andings, we decided to use HF-TMS of the domi-
pant (in this caze left) SMA (rostral region of Bredmann area 6a), as
shown in Fig. v

The patient agreed to thiz novel approach and consented to TM3
treatment.

The localization of SMA was identified via nepronasigation, us-
ing the Visor™28T (with software-bazed 3D modeling of the native
Ti MRI brain scan).

The following parameters of HF-TM 3 were set: 15 Hz, goo stim-
pliin six trains, intertrain 83 seconds. Stimulation intensity was set
at go® of motor-evoked potential (MEP, measured using Medelen
Svnergy” EMG), or 70% of the device's capacity.

Pre-stimulation took place 7o minutes prior to each ECT (start-
ing at session ten) using the Magstim® Rapidz with AirFilm” Coil
(Rapid version). After the first pre-stimulation of the patient with
HF-TMS, the ECT dose was re-titrated. The seizure threshold (5T)
was establizhed at 76.8 mC (0.8 A; 0.3 ms: 8 2: 20 Hz). a reduction
of the initial seizure threshold by half (ses Table 2).

The therapeutic dose was then established based on EEG seizure
duration criteria at 230.4 mG (0.8 A; 0.2 ma; 8 s; 6o Hz).

The patient's mood improved. However, paranoid delusions
were still present. Halfway throngh the fourth HF-TMS session,
the patient refuzed to undergo further TM3 co-stimulation after
the completion of three out of six trains (deluzions concerning con-
crementation. of mandible during TMS). The seizure during the last
(thirteenth) session of this ECT course lasted comparatively less
time (10 s), perhaps because the TMS dose was lowered by half.
The clinical state of the patient stahilized and we decided to djsgon-
tinne the ECT course,

The patient remained cognitively impaired, most likely dus to a
pre-existing condition correlating with severs frontal and temporal
atrophy on an MRI brain scan. There was no alteration of medica-
tion throughout the entire course of ECT. No severe adverse effects
or complications resulting from this combined protocol were
observed throughout the treatment.

Discussion

ECT iz a powerful tool in the armamentarium of a psvchiatrist.
However, it has been associated with adverse neurocognitive gf-
fects, Patients with a pre-existing cognitive defcit and those with
a high seizure threshold, including the aforementioned paticnt
might reprezent a higher risk group.

There are only a handful of case reports in contemporary scign-
tific literature on the topic of combining TM3 and ECT [g]. To our
knowledge, none of these describe this type of regular pre-
stimulation with TMS shorily before each ECT session. Qur
approach resulted in lowering the seizure threshold by half.

Disadvantages of this appreach might include more diffcult
time and caze management and the rare poszibility of inducing
an epileptiform seizure during the high-frequency pre-excitatory
TMS (inlocalizations close tothe primary motorarea). Some safety
precautions need to be adhered to: an anesthesiology team needs
to be on site, a peripheral intravenous line needs to be inserted
before the procedure and an EEG needs to be at dizpozal.
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Fig. 1. TMS localization. SMMA as dentibed by jenrnasssatian using the Visor™ 28T with software-based 30 modeling of the patient’s native T1 MR brain scan.

Table 2

Seizuredurationand energy delivered gpring bbeqqqursg gl treabm ent. Titraticn of energy in session ane. Throughoot
»anly minimal epileptiform activily was observed. After HF-TM § pre-stimulation (sessions len to thirteen), the lower seiz
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(session thineen), after a half-dose of HF-TME, the seizure duration was only half,

inn sixto nine, maximal energy was used; how-
re threshokd was re-litrated. Al the last session

Sedrure duration and energy defivered disting the course of treatment
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A comparable effect might be expected when ECT is combined
with transcranial direct current stimulation. However, we are not
aware of anv studies on this subject [6].

Conclusion
We demonstrated that it is possible to lower the ST by half using
subthreshold HF-TMS in the left SMA prior to each ultra-brief RUL

ECT session. We acknowledge that TMS stimulation of other brain
areas might lead to different (perhaps even better) results.
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Further research on the efficacy of such a treatment is needed.
This case demonstrates the feasibility of this combined protocol.
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Zoznam pouzitych skratiek

Ago — agomelatin

Antie — antiepileptika

antiH — antihistaminika

AP1 — antipsychotikd prvej generacie

AP2 — antipsychotikd druhej generacie

AP3 —antipsychotika tretej generacie

BZD — benzodiazepiny

CMT — kortikalny motoricky prah

DZ — di?ka zachvatu

EKT — elektrokonvulzivna terapia

Ekv/I — ekvivalentna davka benzodiazepinov prepocitana na davku lorazepamu

HF rTMS — vysokofrekvenéna transkranidlna magneticka stimulacia

Hyp — hypnotika

Kog — kognitiva

Li — litium

MADRS — Montgomeryho-Asbergerova skala depresie

MEP — motoricky evokovany potencial

mMEKT — udrziavacia elektrokonvulzivna terapia
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N — pocet subjektov

NaSSA — noradrenergné a Specifické sérotoninergné antidepresiva

rTMS — transkranidlna magneticka stimulacia

RUL — pravé unilateralne umiestnenie elektréd

SARI — sérotonin antagonosty a reuptake inhibitory

SNRI — sérotonin noradrenalin reuptake inhibitory

SSRI — selektivne sérotonin reuptake inhibitory

TCA — tricyklické antidepresiva

Vort — vortioxetin

YMRS — Youngova Skala manie

ZP — zachvatovy prah
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