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Abstrakt:
Cil:

Cilem prace je zhodnotit u¢innost a komplikace alternativnich stereotaktickych metod
(radiochirurgie pomoci gama noze a radiofrekvencni amygdalohipokampektomie) v 16€bé
meziotemporalni epilepsie s mezialni temporalni sklerézou.

Metody:

Ob¢ skupiny pacientli byly vySetfeny standardnim preoperac¢nim epileptologickym
protokolem. Oba zakroky byly planovany s ohledem na individualni anatomické poméry.

V obdobi listopad 1995 az kvéten 1999 prodélalo radiochirurgickou
amygdalohipokampektomii 14 pacientli. Okrajova davka na 50% izodo6ze byla 18, 20 a 25 Gy.

Mezi dubnem 2004 a fijnem 2009 byla stereotaktickymi termolézemi identickych
struktur 1écena skupina 51 pacientii. Léze jsme provadéli strunovou elektrodou zavedenou
zZ okcipitalniho pfistupu jednou trajektorii.

Vysledky:

V radiochirurgické skuping bylo po 39 mésicich dosazeno Engelova skore Ibu 1, Ilc u
3,Mlau4, IVbu5alVcu 1 pacienta. V podskupin€ 7 neoperovanych nemocnych bylo ve 2
letech ptedchazejicich posledni kontrole, kterd prob€hla nejméné 8 let po zakroku (primeérné
116 mesict), skore Engelovy klasifikace Ib u 1, Ilc u 3, IIla u jednoho a IVb u 2 pacientil.
Nedostatecny efekt 1é¢by nés vedl k indikaci operace u zbyvajicich 7 nemocnych (pramérné
63,5 mésice po iradiaci). Primérna doba sledovani po operaci u nich byla 43,5 mésice. 5
nemocnych bylo Engel 1a, 1 Engel Ilb a 1 Engel Ild.

Casné po zékroku méla frekvence zachvatii u nékterych pacientli tendenci se zvySovat.
Kolateralni otok jsme pozorovali u 9 nemocnych. Vznikal ¢asnéji a byl Casté&jsi u téch, kteti
byli [é€eni vyssi davkou. Ve 3 ptipadech mél expanzivni charakter. U 3
pacientl se objevily ptiznaky nitrolebni hypertenze. Trvalou horni ¢aste¢nou quadrantanopii
jsme zjistili u 2 nemocnych. Po zakroku se také objevily psychotické epizody (u 2 pacientil) a
status epilepticus (také ve 2 ptipadech). Na skupinové irovni jsme nezjistili zhorSeni paméti.

Ve skupiné termolézi jsme déle nezZ 2 roky sledovali 32 nemocnych. Epileptologické
vysledky byly podle Engelovy klasifikace Engel | u 25 (78%), Engel 11 u5 (16%) a Engel IV
u 2 (6%). Zakrok pacienti snaseli dobte. TéZkou permanentni morbiditu jsme nezaznamenali.
Meningitidu jsme diagnostikovali ve 2 pfipadech (4%). U 4 nemocnych jsme zjistili
hematom, ktery byl ve 3 ptfipadech asymptomaticky. U 1 (2 %) pacienta vyzadoval zavedeni
docasné komorové drendze.

Diskuze:

Radiochirurgicka 1é¢ba okrajovou davkou 25, 20 ¢i 18 Gy nevedla v nasi skupiné
pacientl ke kontrole zachvatii. Nasledny mikrochirurgicky vykon je vS§ak mohl zachvatl
zbyvit. Zejména vyssi davky zatfeni byly spojeny s rizikem otoku mozku, nitrolebni
hypertenze a ptrechodného zvySeni frekvence zachvatt.

Perkutanni stereotaktickd radiofrekvencni amygdalohipokampektomie pomoci jedné
trajektorie je naproti tomu minimalné¢ invazivni vykon s nizkou morbiditou a dobrymi
epileptologickymi vysledky. U dobfe vybranych nemocnych s meziotemporalni epilepsii
mize byt metodou volby.

Klic¢ova slova: temporalni epilepsie, epileptochirurgie, radiochirurgie, Leksellliv gama niiz,
stereotakticka chirurgie
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Abstract:
Purpose:

The aim of the study was to evaluate effectiveness and complications of alternative
methods of stereotactic treatment (gamma knife radiosurgery and radiofrequency
amygdalohippocampectomy) in mesial temporal lobe epilepsy due to mesial temporal
sclerosis.

Methods:

Both patient groups underwent a standard preoperative epilepsy evaluation. Both
procedures were planned according to the individual anatomy of each patient.

Between November 1995 and May 1999, 14 patients underwent Leksell Gamma Knife
radiosurgical amygdalohippocampectomy with a marginal dose of 18, 20, or 25 Gy to the
50% isodose following.

Between April 2004 and October 2009 a group of 51 patients was treated using
stereotactic thermo-lesion of the same mesiotemporal structures. Lesions were performed
using a string electrode inserted through the occipital approach with a single trajectory.
Results:

In the radiosurgical group, one patient was classified as Engel Class Ib, three were
Engel Class llc, four were Engel Class Illa, five were Engel Class IVVb and one was Engel
class 1Vc 39 months after treatment. One patient was classified as Engel Class Ib, three were
Engel Class llc, one was Engel Class Illa, and two were Engel Class Vb in a subgroup of
seven patients who were unoperated 2 years prior to the last visit and at least 8 years after
irradiation (average 116 months). The insufficient effect of irradiation led us to perform
epilepsy surgery on another seven patients an average of 63.5 months after radiosurgery. The
average follow-up period was 43.5 months after the operation. Five patients
are seizure-free; one is Engel Class I1b and one is Engel Class Ild. The frequency of seizures
tended to rise after irradiation in some patients. Collateral edema was observed in nine
patients, which started earlier and was more frequent in those irradiated with higher doses. It
had a marked expansive character in three cases and clinical signs of intracranial hypertension
were present in three cases. We found partial upper lateral quadrant anopia as a permanent
side effect in two patients. Repeated psychotic episodes (two patients) and status epilepticus
(two patients) were also seen after treatment. No significant memory changes occurred in the
group as a whole.

In the thermo-lesion group, 32 patients were followed up over at least 2 years, and the
clinical outcomes were evaluated by Engel’s classification; 25 of them (78%) were Engel I,
five (16%) were Engel I1, and two (6%) were Engel 1VV. The procedure was well tolerated by
all patients with no severe permanent morbidity; meningitis was recorded in two patients
(4%), hematoma was detected in four patients, clinically insignificant in three of them, and
one patient required temporary ventricular drainage (2%).

Discussion:

Radiosurgery with 25, 20, or 18-Gy marginal dose levels did not lead to seizure
control in our patient series, although subsequent epilepsy surgery could stop seizures. Higher
doses were associated with the risk of brain edema, intracranial hypertension, and a temporary
increase in seizure frequency.

Percutaneous single trajectory stereotactic radiofrequency amygdalohippocampectomy
is a minimally invasive procedure with low morbidity and good results that can be the method
of choice in selected patients with MTLE.

Key words: temporal lobe epilepsy, epilepsy surgery, radiosurgery, Leksell gamma knife,
stereotactic surgery
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Alternativni zpusoby chirurgické 1é¢by meziotemporalni epilepsie

A.Uvod

V tvodu se zabyvam 2 okruhy otazek: 1. Jaky je soucasny stav epileptochirurgie
meziotemporalni epilepsie (MTLE) a proc¢ hledat nové cesty. 2. Jaké jsou hlavni alternativy

konven¢ni epileptochirurgie.

1. Temporalni resekce

Technika temporalni lobektomie byla vypracovana v 50. letech 20. stoleti prakticky
soucasné n€kolika prikopniky epileptochirurgie (Bailey P. a Gibbs FA., 1951; Penfield W. a
Baldwin M., 1952; Falconer MA., 1955; Morris AA., 1956) a ¢asem se rozsah resekci
zmensSoval (Niemeyer P., 1958; Weiser HG. a Yasargil MG., 1982; Spencer DD., 1991).

Dnes je ziejmé, Ze pro Gspéch je zasadni odstranéni meziotemporalnich struktur (de
Almeida AN. et al., 2008). Chirurgické pfistupy se lisi: 1. pomé&rem mezi rozsahem
neokortikalni a meziotemporalni resekce, 2. rozsahem meziotemporalni resekce, 3. operacnim
ptistupem (Binder DK. a Schramm J., 2008).

Nejcastéji provadéné vykony jsou: 1. standardni ,,dvouttetinova“ (TLR) ¢i predni
Hretinova®“ (AMTR) temporalni resekce nebo 2. selektivni amygdalohippocampektomie
(SAH) v riznych modifikacich (Olivier A., 2000; Yasargil MG., 1993).

1.1 Standardni temporalni resekce

Temporalni resekci 1ze provést v jednom kroku, kdy laterotemporalni a
meziotemporalni struktury jsou resekovany jako jeden vzorek (Falconer MA., 1955), nebo
Castéji ve 3 fazich: 1. neokortikalni resekce, 2. hippocampectomie, 3. amygdalectomie
(Binder DK. a Schramm J., 2008).

Pii temporalnich resekcich je hlava v trojbodové fixaci. Pii TLR (Crandall PH., 1991)
se operuje Vv poloze na zadech s podlozenym ipsilateralnim ramenem s hlavou rotovanou
kontralateraln€ nebo pii omezené hybnosti kréni v poloze na boku. Lateralni povrch
temporalniho laloku je tak pfiblizné horizontalni. Pii AMTR svird zygoma s horizontdlou
uhel 10° a hlava je v mirném zaklonu vertexem k podlaze.

Provede se ,,otaznikova* kozni incize (Dbaly V., 2003) sahajici od horniho okraje
arcus zygomaticus pied tragem, sméfujici nad ucho, nahoru a dopfedu k hranici vlasové.

Kozné-svalovy lalok se odklopi smérem dolli. Provede se temporalni kraniotomie, jejiz horni


http://www.ncbi.nlm.nih.gov/pubmed?term=%22de%20Almeida%20AN%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22de%20Almeida%20AN%22%5BAuthor%5D

okraj saha lehce nad fissura Sylvii. Os sphenoidale se na piednim a dolnim okraji kraniotomie
odstipa nebo odfrézuje az po proc. clinoideus anterior. Tim se zptehledni oblast baze lebni a
temporalniho polu a umozni se vétsi retrakce dury. Pfi pouziti neuronavigace mohou byt
rozsah a tvar kozni incize a velikost kraniotomie mensi.

Pii TLR se v ose g. temporalis medius (MTG) odméti od temporalniho pélu 4,5 cm na
dominantni a 5,5 cm na nedominantni stran¢ (Spencer DD. a Ojemann GA., 1996). Pti AMTR
je rozsah kortikalni resekce mensi, 3-3,5 cm od p6lu (Spencer DD. et al., 1984), podle
nékterych autort jesté mensi (2-2,5 cm na dominantni a 3-4 cm na nedominantni strané)
(Roberti F. et al., 2007). Koaguluje se pia na g. temporalis superior (STG) rovnobézné
s fissura Sylvii (,,horizontalni incize*). Kolmo na jeji zadni okraj se koaguluje pia smérem ke
spoding stfedni jamy lebni (,,vertikalni incize). Subpialné se odpreparuje g. temporalis
superior. Tak je mozno chranit a. cerebri media (MCA) a jeji vétve. N&ktefi autofi doporucuji
STG Settit, kortikotomii provadéji v MTG a pii subpialni preparaci zachovavaji piu v sulcus
temporalis superior (Ojemann GA. et al., 2009). Zadnim okrajem resekce (,,vertikalni incizi*)
se v koronarni roving protina bila hmota temporalniho stonku stale hloubéji smérem ke g.
fusiformis (g. occipitotemporalis lateralis). V hloubce ~ 3 cm se smér resekce zméni, smétuje
ponékud kranialngji a pronikne se do temporalniho rohu postranni komory. Prvni znamkou
toho, Ze se neurochirurg blizi k ventrikularnimu povrchu, je zvySena vaskularizace a mirné
vysSi tuhost. Vlastni ependym je velmi tenky, Sedy a prihledny. Pierusi se bipolarni koagulaci
a ultrazvukovou aspiraci. Neokortikalni tkanovy sloupec se mobilizuje smérem
k temporalnimu pélu. Tato ,,neokortikalni* ¢ast resekce je medialné ohrani¢ena eminentia
collateralis (ktera ukazuje, Ze bazaln¢ je ulozen sulcus collateralis). Hippocampus, uncus a
amygdala zistavaji zatim nedotéeny (Olivier A., 1990).

Pak se pouzije opera¢ni mikroskop a opatrné retraktory. Na spodiné temporalniho rohu
je vidét plexus chorioideus, fissura chorioidea, hlava a pfedni ¢ast t€la hipokampu a
amygdala. Zacatek plexus chorioideus (dolni chorioidalni bod) ukazuje rovinu zacatku téla
hipokampu; caput hippocampi je ulozena napied od né&j. Fimbria hippocampi tvofi medialni
hranici hipokampu a lateralni hranici fissura chorioidea. Vsechny struktury ulozené lateralné
od fissura chorioidea Ize resekovat a vSechny struktury medialni je tfeba ponechat.

En bloc hipokampektomie se provadi ve 4 krocich (Olivier A., 1992): 1. otevieni
fissura chorioidea, 2. ptedni diskonekce (uvolnéni hlavy hipokampu), 3. medialni diskonekce,
4. zadni diskonekce. Lateralni diskonekce jiz byla provedena pti neokortikalni resekci.

Fissura chorioidea se otevie protétim taenia fimbriae, tzn. vrstvy ependymu

ptipojujici plexus chorioideus k fimbrii. Tak zustane plexus chorioideus fixovan k thalamu
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(Nagata S., 1988). V piedni ¢asti oteviené fissura chorioidea se objevi arachnoidea kryjici
cisterna ambiens a pod ni a. cerebri posterior (PCA) a jeji vétve a nékdy v. basalis.

Ptredni diskonekce obnasi uvolnéni hlavy hipokampu jeho oddélenim od recessus
uncalis veptedu a dole a od medialni stény temporalniho rohu. Recessus uncalis a hlava
hipokampu se sleduji medialné k medialni sténé temporalniho rohu napied od spodniho
chorioidalniho bodu. Po uvolnéni pfedni ¢asti predniho temporalniho rohu se pokracuje
s resekci lateralné k eminentia collateralis a medialné k fissura chorioidea. Zde jsou cévy,
které vstupuji do temporalniho laloku pod hlavou hippocampu a kolmo k pribéhu cisterna
ambiens skrz sulcus hippocampi. Je tieba je pterusit, ¢imz se uvolni hlava hipokampu.

Medidlni diskonekce spociva v odlouceni mezidlnich temporalnich struktur od obsahu
cisterna cruralis et ambiens pies jiz otevienou fissura chorioidea. Po rozstépeni taenia
chorioidea se objevi arachnoidea cisternae ambientis. Cévy prichazeji k hippocampu pies
sulcus hippocampi. Je tieba je subpialné pterusit co nejblize k t€lu hippocampu. Sulcus
hippocampi je dilezitym orientaénim bodem, protoze oddé€luje g. dentatus ulozeny nahote od
dole probihajiciho g. parahippocampalis, ktery se otaci okolo a za mesencephalon. Na
thalamické strané fissura chorioidea se objevi prominence zac¢atku pulvinar thalami.
Subpialni resekce eliminuje riziko poranéni cévnich a nervovych struktur v cisternach (napf.
a. chorioidea anterior- AChoA, a. chorioidea posterior lateralis a v. ventricularis inferior).

Poslednim krokem v diskonekci hippocampu je zadni diskonekce, kterda sméfuje
z fissura chorioidea lateralné¢ smérem ke spoding sttedni jamy lebni ¢i k tentoriu. Pfi totalni
hipokampectomii je bodem, ktery oznacuje konec cauda hippocampi misto, kde se
hipokampus setkava s calcar avis, coz je vyvySenina na medialni stén¢ atria postranni
komory. Hipokampus a g. parahippocampalis se odstrani en bloc.

Nasleduje amygdalektomie. Cela temporalni amygdala je lokalizovana v trovni unku.
Pfi subpialni resekci neurochirurg pronika ultrazvukovou aspiraci k uncu z jeho lateralni ¢asti.
Dulezita je syntopie s cévnimi strukturami, které 1ze piehlédnout skrz arachnoideu. V
blizkosti anteromedialniho povrchu unku se nachazi a. carotis interna (ICA) a proximalni
polovina M1 segmentu MCA. Jejich ptehlednost ukazuje, Ze byl odstranén anteromedidlni
povrch uncu a nejpiednéjsi cast amygdaly. N. oculomotorius je v blizkosti spodni ¢asti apexu
uncu. Opét, je-li vidét, byla odstranéna spodni ¢ast apexu uncu. V blizkosti posteromedialniho
povrchu uncu se nachazi dole P2A segment PCA nahote (obtaci crus cerebri) a AChoA dole
(vstupuje do temporalniho rohu skrz fissura chorioidea). Pii ur¢eni horniho rozsahu resekce
amygdaly je uzitecna karoticko-chorioidalni ¢ara (myslena spojnice mezi spodnim

chorioidalnim bodem a karotickou bifurkaci ¢i proximalnim usekem M1) (Tubbs RS et al.,
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2010). Pii jejim piekro¢eni smérem nahoru hrozi prinik do globus pallidus. V této fazi se také
odstrani pfedni ¢ast g. parahippocampalis.

Po odstranéni temporalniho laloku v¢. amygdaly a hipokampu mtze neurochirurg v
resek¢ni dutiné prehlédnout plexus chorioideus a arachnoideu kryjici tractus opticus a
mesencephalon (crus cerebri, lateralni mesencephalicky sulcus, tegmentum mesencepahali),
medialni okraj tentoria, ICA, MCA, PCoA, n. oculomotorius, v. basalis a né¢kdy i n.
trochlearis a a. cerebelli superior. Nasleduje hemostaza a standardni uzavér rany.

Temporalni resekce zarucuji dobry prehled v opera¢nim poli a vétsi neurochirurgickou
jistotu pfi resekci meziotemporalnich struktur, které jsou v intimnim sousedstvi mozkového
kmene. AMTR umozni ve srovnani s TLR resekovat vétsi rozsah hipokampu a odstranuje
mensi ¢ast neokortexu. Pii obou operacich se vSak ¢asto prerusuji predni vlakna optické
radiace (Compston A., 2005) nebo fecové oblasti na temporalnim pélu a bazi (Schwartz T.,
1998).

1.2 Selektivni amygdalohippocampectomie (SAH)

Jako SAH se oznacuje skupina operaci, pfi kterych se resekuji mezialni temporalni
struktury (amygdala, hippocampus, g. parahippocampalis, uncus) s minimalni az Zadnou
resekci temporalniho neokortexu (Olivier A., 1992), ktery ve vétsiné ptipadi neni
epileptogenni. Nejéastéji se voli transkortikalni (Niemeyer P., 1958) nebo transsylvijsky
(Weiser HG. a Yasargil MG., 1982) pfistup.

1.2.1 Transkortikalni SAH

Transkortikalni SAH Ize provést nékolika pristupy (Wheatley BM., 2008)- trans MTG,
trans-STG, trans- sulcus temporalis superior a trans-g. temporalis inferior. Nejuzivanéjsi je
trans-MTG. Operuje se s pouzitim neuronavigace, ktera pomuze identifikovat zadni rozsah
kortikotomie a urcit nejptimé;jsi trajektorii k temporalnimu rohu postranni komory.

Napolohovani pacienta je obdobné jako pii TLR. Provede se linearni nebo mirné
kurvilinearni incize s pocatkem na kofenu processus zygomaticus ptred tragem. Protoze neni
tieba ziskat natolik bazalni piehled jako u TLR, mtze byt kraniotomie mensi a lze pouzit i
,.key-hole* ptistup nad MTG (Dbaly V., 2003).

Pialni povrch MTG se koaguluje a provede se 2-3 cm dlouhd anteroposteriorné
probihajici kortikotomie. Jeji zadni okraj urcuje nejkratsi usecka spojujici MTG s lateralnim
mesencefalickym sulkem (na spojeni tegmentum a tectum mesencephali). Zadni hranici

kortikotomie Ize zvolit i arbitrarné (Olivier A., 1990): na dominantni stran¢ v trovni sulcus
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precentralis, na stran¢ nedominantni v arovni pied sulcus centralis nebo 5 cm od
temporalniho pdlu na dominantni a 6 cm na nedominantni strané. Nékdy takto naplanovanou
kortikotomii kiizi zila spojujici sylvijsky a spodni temporalni Zilni systém (Labbého Zila),
ktera miize byt piekazkou pii ziskani prehledu o mezialnich temporalnich strukturach a jejiz
preruseni nese riziko ven6zniho infarktu. Potom je tfeba posunout kortikotomii vice doptedu.

K subpidlnimu odstranéni kiiry a bilé hmoty MTG se pouziva ultrazvukovy aspirator
S nastavenym nizkym sanim (Olivier A., 2000). Vyhodné je odstranit jen bilou hmotu a Sedou
hmotu na horni a dolni plose kortikotomie ponechat. Snizuje to krvaceni, které je z obnazené
pia mater vétsi. Sterbinovitou transekei bilé hmoty se v anteroposteriornim sméru s pouzitim
neuronavigace pronika k temporalnimu rohu. Tim se zviditelni amygdala a vrchol
temporalniho rohu. Zakladnimi intraventrikularnimi orienta¢nimi body jsou plexus
chorioideus (kryjici fissura chorioidea na hluboké- medialni- hranici komory) a lateralni
ventrikularni sulkus (mezi hippocampem a eminentia collateralis).

Potom se pouziji retraktory. Medialni se umisti lateraln¢ od plexus chorioideus, coz
odhali fimbrii. Medialni retrakce musi byt minimalni vzhledem k riziku poskozeni struktur,
bazélni cisterny). Umisténi retraktoru v Grovni zadniho okraje amygdaly zpisobi jeji protruzi
do nitra komory. Lateralni retraktor je tfeba umistit povrchnéji nez medidlni. Poté Se rozsiti
otevieni komory doptfedu k p6lu temporalniho rohu a dozadu na Groven zadniho okraje
kortikotomie.

S resekci hipokampu se zaéne vstupem do g. parahippocampalis pfes lateralni
ventrikularni sulkus. Skrz n¢j se ultrazvukovou aspiraci pronika a vyprazdiuje se g.
parahippocampalis az na pidlni povrch a po jeho spoding az k okraji tentoria, které je vidét
ptes pia mater. Poté se medialné odstrani subiculum ze sulcus hippocampi, ¢imz se odhali
zbytek parahippocampalniho gyru, ktery se odsaje, dopiedu az k predni entorhinalni oblasti a
g. ambiens, na uroven lateralniho mesencefalického sulku. Ta se pozna podle toho, Ze se zde
parahipokampalni gyrus tim, jak obkruzuje crus cerebri, sta¢i do hloubky operac¢niho pole. I
zde mize pomoci neuronavigace. Kompletnost resekce parahipokampalniho gyru mize byt
pro uspéch operace zasadni (Abosch A. et al, 2002). S resekci se pokracuje dopredu k unku.
Vzadu se hipokampus pfetne na trovni prechodu téla v ocas.

Pak se hipokampus odklopi do dutiny, ktera vznikla resekci parahipokampalniho gyru.
Tim se na jeho medialni hranici (lateralné od plexus chorioideus) odhali fimbrie, ktera se po
celé své délce lateralné od plexus chorioideus oddéli. Fimbria je tenka a je tieba opatrnosti,

aby se neposkodily cévni struktury pod ni. Jakmile je fimbrie odstranéna, pouZije se
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ultrazvukovy aspirator a kolmo k jejimu ptivodnimu prubéhu se pronika k sulcus hippocampi,
k némuz je v této fazi hippocampus fixovan jako k jediné struktute. Provede se koagulace a
disekce hipokampalnich cév v sulcus hippocampi. Lehkym uchopenim hipokampu na obou
koncich jej 1ze (event. za pomoci ultrazvukové aspirace) oddélit. Kompletné en bloc to mutize
byt obtizné.

Nyni je resekovan parahipokampalni gyrus a télo hipokampu a zbyva resekovat
amygdalu, unkus a zbytek hlavy hipokampu. Amygdala se resekuje dopiedu na uroven
horizontalniho M1 segmentu MCA. Opatrnosti je tieba zejména na horni ¢asti resekce, kde
muze byt AChoA vnofena do sulcus rhinalis (Marinkovi¢ S., 1999). Po resekci amygdaly se
postupuje z jiz diive resekovaného g. parahippocampalis k unku, ktera sméfuje pies hranu
tentoria. Nékteti autofi na této urovni resekci konci. Poté se provede subpialni vyprazdnéni
apexu a piedniho segmentu uncu. Na zavér operace lze rozsitit resekci hipokampu a
parahipokampalniho gyru endopialni aspiraci nazad na troven colliculus superior. Po

dokondéeni resekce a hemostaze se uzavie dura.

1.2.2 Transsylvijska SAH

Transsylvijska SAH (Yasargil MG, 1993) umoznuje odstranéni amygdaly, selektivni
dvoutietinovou resekci hipokampu a parahipokampalniho gyru, Setieni temporalniho
neokortexu a relativné i drah bilé hmoty (Morino M. et al., 2009; Yasargil MG. et al., 2010).

Pacient se napolohuje tak, aby processus zygomaticus maxillae byl nejvyssim bodem
hlavy. Tehdy je fissura Sylvii ulozena z pohledu neurochirurga vertikalné. Provede se
kraniotomie sahajici asi 1,5 cm nad fissura Sylvii a polokruhovita durotomie. Dura se odklopi
smérem k orbité. Fissura Sylvii se otevie od karotické bifurkace k bifurkaci MCA a tak
daleko dozadu, jak je to mozné. Tim se odhali ascendentni Gisek M1, limen insulae, ptedni
tietina insularni klry, vétve M2 v¢. temporopoldrni a pfedni temporalni, mezidlni povrch
unku a temporalniho polu. Po rozpreparovani Sylviovy ryhy a odtazeni temporalniho operkula
doli se zptehledni dolni ¢ast insuly a sulcus limitans inferior, jehoZ ptedni polovina
neobsahuje perforujici arterie. 1,5 cm dlouhou incizi temporalniho stonku Vv sulcus limitans
inferior na urovni limen insulae (¢i tésné za nim z divodu Setfeni fasciculus uncinatus),
lateralné od M1 a rovnobézné s M1 doli smérem k unku se zjedna temporalnim stonkem a
stropem pfistup k temporalnimu rohu, ktery se nachazi ~3 cm nazad od temporalniho pélu.
Nejkratsi vzdalenost mezi sulcus limitans inferior a temporalnim rohem je 6.5 = 1.78 mm. Po
otevieni temporalniho rohu jsou viditelné hippocampus, plexus chorioideus a eminentia

collateralis. Do temporalniho rohu se vyklenujici ¢ast amygdaly se odstrani ultrazvukovou
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aspiraci lateralné€ od ¢ary spojujici dolni chorioidalni bod a limen insulae. Sou¢asn¢ se
odstrani piedni ¢ast g. parahippocampalis. Dale se provede vyprazdnéni unku, pticemz
arachnoidea je ponechana intaktni. Plexus chorioideus se odtahne medialng, ¢imz se odhali
fissura chorioidea, ktera se otevie mezi fimbrii a plexus chorioideus. Pronikne se do sulcus
hippocampi, kde se identifikuji, koaguluji a pfetnou drobné cévy. Elevace plexus chorioideus
k thalamu odhali zadni ¢ast cisterna cruralis a cisterna ambiens, pficemz prvni viditelnou
strukturou je v. basalis. Horni ¢ast ambientni cisterny medialn¢ od fissura chorioidea se
nachazi na hornim povrchu parahippocampalniho gyru. G. dentatus a g. parahippocampalis
lezi medialné a kaudalné od fisssura chorioidea a tvoti ¢ast lateralni stény cisterna ambiens.
Tractus opticus je viditelny vepiedu a corpus geniculatum laterale vzadu. Subpialni pfistup
zabezpecCuje, Zze nebudou poskozeny vétsi cévy medialné- AChoA a P2 segment PCA a Cetné
zily ptichazejicich sem od taenia thalami. Poté se temporalni roh postranni komory otevie
vice a zpiehledni se plexus chorioideus a fissura chorioidea ohrani¢ujici medialni hranici
hipokampalni disekce. Diskonekce fimbrie se provede disekci taenia fimbriae a protnutim jeji
zadni ¢asti. Caput hippocampi se subpialné vypreparuje vV rozsahu od své medialni hranice az
k lateralnimu ventrikularnimu sulku. Cévy vystupujici k hippocampu skrz sulcus hippocampi
se koaguluji a pterusi co nejbliZe télu hippocampu. Lateralni diskonekce se provede

Vv anteroposteriornim sméru lateralné od eminetia collateralis smérem k sulcus collateralis.
Konec¢né se hipokampus-parahipokampalni gyrus oddéli na Grovni cauda hippocampi
transverzalnim fezem. Pak mohou byt oddéleny od arachnoidey en bloc. Rezidua cauda
hippocampi a tkané parahipokampalniho gyru se odstrani ultrazvukovou aspiraci na Groven
ctverohrboli. Po hemostaze se provede standardni uzavieni rany.

Ackoli se SAH povazuje ve srovnani s temporalni resekci za vykon méné invazivni,
mohou vSechny jeji modifikace zplsobit trauma v ptistupové ceste (v tempordlnim laloku
nebo ve frontotemporalnim operkulu). Z morfologického pohledu jsou tak vyhody
minimalizace rozsahu resekce spiSe spekulativni (Renowden SA. et al., 1995).

Trans-MTG SAH je vykon relativné technicky nenaro¢ny. Prestoze zplisobi transekci
drah bilé hmoty temporalniho stonku, nejsou funkéni disledky v porovnani s transsylvijskou
SAH horsi (Binder DK. a Schramm J., 2008).
vyzaduje detailni anatomické znalosti a zru¢nost (Yasargil MG. et al., 1985). Muze poskodit
fasciculus uncinatus (coz néktefi autoii povazuji za prednost, protoze ho povazuji za
nevyznamngjs$i cestu Sifeni zachvatu do frontalniho laloku- Plate KH. et al., 1993), fasciculus

occipitofrontalis, commissura anterior a radiatio optica. (Nagata S. a Sasaki T., 2005; Kier
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EL. etal., 2004). | v rukach zkuseného neurochirurga mize Siroké otevieni fissura Sylvii vést
k t¢Zkym vazospasmim (Schaller C. a Zentner J., 1998). latrogenni 1éze v ambientni cisterné

a jejim okoli mohou zpusobit poranéni vaskularni a nervové (Schaller C. et al., 1998).

1.2.3 Lézionektomie

Popsané operace se pouzivaji U MTLE s mezialni temporalni sklerozou (MTS) ¢i jinou
morfologickou 1¢ézi. Pokud je epileptogenni substrat lokalizovéan alespon ¢astecné mimo
meziotemporalni oblasti, 1ze provést rozsahlejsi resekci.

Resekce Setiici meziotemporalni struktury je na misté u 1ézionalni epilepsie
s lokalizaci 1éze mimo tyto oblasti. Napf. v temporopolarnich oblastech Ize provést
temporopolarni resekci s Setfenim morfologicky normalniho hipokampu (Elsharkawy AE. et
al., 2011). Resekci mimo meziotemporani struktury lze (obvykle po invazivni monitoraci)
zvazit u PET pozitivni/MR negativni TLE. Je otazkou, zda l1ze extrameziotemporalni resekce
pouzit u pacientt s kryptogenni TLE, zejména S neporusenymi pamétnimi funkcemi (Mintzer
S. a Sperling MR., 2008).

Pacienti s dualni patologii (tedy s MTS a jinou epileptogenni 1ézi) z resekce
epileptogenni 1éze s ponechanim meziotemporalnich struktur neprofituji a na misté je
odstranéni oboji patologie (Li LM. et al., 1999). U pacientt s tumory (bez sdruzené MTS)
rozhoduje o epileptologickém vysledku zejména makroskopicky radikalni resekce tumoru, i
kdyz ur¢ité pridatné zlepseni mutize ptinést i odstranéni piilehlé epileptogenni tkané (Englot

DJ. et al., 2012).

1.3 Vysledky epileptochirurgie TLE

1.3.1 Epileptologické vysledky

Na vétsing pracovist’ zbavi operace zachvati 60-80 % pacientt (Tellez-Zenteno JF. et
al., 2005; Cohen-Gadol AA. et al., 2006; MciIntosh AM. et al., 2001). U ~20-30 %
nemocnych zachvaty po resekci pretrvavaji (Jeha LE. et al., 2006). U velké ¢asti z nich se
frekvence zachvatl alespon snizi; u ~8-12 % nemocnych se stav nezlepsi. Dlouhodobéjsi
prognoézu urcuje zejména Casny bezzachvatovy pribéh. Podle vétsiny praci jsou vysledky
epileptochirurgické 1€cby stabilni (napt. 81 % nemocnych bez zachvatu po 6 mésicich a 72
% 10 let po operaci) (Cohen-Gadol AA. et al., 2006). Podle jinych autort stupen kontroly
zachvatt ¢asem klesa (napft. 55 % po 2 letech, 47 % po 5 letech, 41 % po 10 letech). Pacienti

S pozdni rekurenci zachvati, zejména pokud je pfitomen vyvoladvajici faktor, maji redlnou
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nadéji na to, ze zachvaty pozdé&ji vymizi (McIntosh AM. et al., 2004). Az 20 % nemocnych,
kteti méli zachvaty v prvnich 2 letech, je 10 let po operaci bez zachvati (Asztely F. et al.,
2007).

Po operaci udava 80 % pacientt lep$i kvalitu Zivota nez pted ni (Mohammed HS. et
al., 2012). K pozitivnim zménam dochazi v prab¢hu 2 pooperacnich let (Spencer SS. et al.,
2007) a jsou dlouhodobé (trvajici i desetileti), zfejmé&jsi u bezzachvatovych pacientti (Lowe
AJ. et al., 2004) s vyssi piedoperacéni kvalitou Zivota (Kanner AM. et al., 2005).

Uspé$nost epileptochirurgie TLE zavisi na typu operace a vybéru pacientil. Vymizeni
zachvati mohou pfinést resekce individualné rizného rozsahu (Jack CR. Jr. et al., 1988;
Kanner AM. et al., 1995). Nejvétsi Sanci maji pacienti po co nejkompletnéjsi resekcei
meziotemporalnich struktur (Nayel MH. et al., 1991; Wyler AR. et al., 1995), podle
nékterych autori obecné po rozsahlejsich resekcich (Awad IA. et al., 1991; Germano IM. et
al., 1994). Ramcové to plati i pies to, Ze jiné prace vztah mezi rozsahem resekce a vymizenim
zachvatt nenachazely (Wolf RL. et al., 1993), a to jak pro hipokampus, amygdalu a neokortex
(Jennum P. et al., 1993). ~20 % zachvati totiz zacina v zadnim hipokampu (Spencer DD. et
al., 1984; Awad IA. et al., 1989) a reoperaci s resekci rezidui inkompletné resekovanych
meziotemporalnich struktur mliZze byt uspésna.

AMTR a SAH maji obdobné epileptologické vysledky (Clusmann H. et al., 2004).
Také vysledky transkortikalni a transsylvijské SAH jsou srovnatelné (Lutz MT. Et al., 2004) .
Neovliviwyje je strana operace (Tanriverdi T. el al., 2010) a zfejmé nezlepSuje peroperacni
vysetiovani ECoG (Son El. et al., 1994). Ale v individualnich pfipadech je nutny rozsah
resekce otazkou (Schramm J., 2008). Ti, u nichz zachvaty nevymizi, by mohli mit prospéch
z vétsi resekcee; ti, kterym operace pomohla, by mohli profitovat z mensi operace. Historicky
totiz ani vykony s Setfenim hippocampu nevykazovaly zcela beznad&jné vysledky- az
polovina pacientd byla bez zachvatu (Feindel W. a Rasmussen T., 1991; Keogan M. et al.,
1992).

Jakykoli nesoulad vysledka ptfedoperacnich vySetfeni a atypie ptipadu zhorSuji
vysledky. Idealnim kandidatem epileptochirurgické 1é¢by je pacient s MRI pritkkazem
jednostranné MTS a odpovidajicim iktalnim video-EEG nalezem (Elsharkawy AE. et al.,
2009). Pacienti s normalni MRI tvofi heterogenni skupinu a pooperacni vysledky se lisi
v rozmezi 20-80 % bez zachvatt (Bell ML. et al., 2009; Immonen A. et al., 2010). Pouzije-li
se histologicka klasifikace, je bez zachvati ~45% nelezionalnich a ~70 % leziondlnich.

Obecné je pravdépodobnost vymizeni zachvatl 2,7x vyssi u lezionalnich piipadi (Tellez-
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Zenteno JF. et al., 2005). U nonlezionalnich epilepsii se také vysledek s ¢asem zhorSuje vice
nezu MTLE/MTS (Fong JS. et al., 2011).

Vyjimkou z tohoto pravidla je ziejm& MRI-/PET+ TLE. Ta se od MTLE/MTS 1isi 1.
vetsim rozsahem hypometabolismu na PET a 2. méné¢ charakteristickym histopatologickym
nalezem, ktery mize byt negativni nebo zahrnovat MTS a FCD (Kuba R. et al., 2011), hlavné
na polu temporalniho laloku (Chabardes S. et al., 2005). Epileptochirurgické vysledky jsou
srovnatelné s MTLE/MTS (Carne RP. et al., 2004).

Nekteré prace prokazuji, Ze negativnimi prediktivnimi faktory pro epileptologicky
uspéch operace jsou Casté sekundarné generalizované zachvaty (Janszky J. et al., 2005) ,
anamnéza encefalitidy (Salanova V. et al., 2005) nebo traumatu (Tezer FI. et al., 2008). Jiné
uvadéji dlouhé trvani epilepsie (Jeong SW. et al., 2005), coz dalsi zpochybnuji (Wieser HG. et
al., 2003). Nekteti autofi zadné negativni prediktivni faktory nenachazeji (Hardy SG. et al.,
2003; Tonini C. et al., 2004) a prokazuji, Ze frekvence zachvatd, trvani epilepsie, pohlavi, vék
zacatku, lateralita epileptogenni zony nejsou odpovédné za neuspéchy (Kilpatrick C. et al.,
1999; Ramos E. et al., 2009).

Existuji 3 mozné pticiny epileptologického netspéchu (Vale FL. Et al., 2012): 1.
neuplna resekce epileptogenni zony (EZ), 2. nespravna lokalizace EZ, 3. vytvoieni nové nebo
demaskovani do té doby okultni EZ. Zachvaty tedy mohou zacinat v 1. inkompletné
resekovanych meziotemporalnich strukturach (Salanova V. et al., 2005, Ramos E. et al.,
2009), 2. okolni nokortikalni tkani (Salanova V. et al., 1996; Janszky J. et al., 2005), 3.
kontralateralnich temporalnich oblastech nebo extratemporalné v loZisku, které bylo
predoperacné pichlédnuto nebo se pooperaéné vyvinulo (Schwartz TH. a Spencer DD., 2001,
Siegel AM. et al., 2004). Nadg¢je na tspéch reoperace je vEtsi u pacientd S Castymi zachvaty
(> 4 za mésic) a s ¢asnou recidivou (do roka po operaci). Naopak nemocni s pozdni rekurenci
fidkych zachvati maji readlnou Sanci na jejich vymizeni po upraveé medikace (Jehi LE. et al.,
2010) nebo i bez ni (tzv. running down fenomén- Ficker DM. et al., 1999). Reoperaci lze
dosahnout vymizeni zachvatl asi u poloviny ptipadii, zejména u téch, u kterych jsou ptitomna
rezidua meziotemporalnich struktur, pii prvni operaci byla provedena malé neokortikalni
resekce a jestlize nedoslo k vytvoreni kontralateralniho epileptiformniho loziska (Schulz R. et
al., 2011; Zachenhofer I. et al., 2011).

Idealem epileptochirurgie je vylécit, tzn. zbavit zachvatii a vysadit medikamentdzni
1é¢bu. To, zda vysazeni medikace provedeme, zavisi krom¢ medicinskych faktord i na
faktorech socialnich (Téllez-Zenteno JF. et al., 2012). Proti hovoii napt. pfani nemocného

fidit motorové vozidlo, perzistence aur, pietrvavajici epileptiformni ndlez na EEG, jakékoli
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zéachvaty po ukonceni hospitalizace, prechirurgicky néalez difizni nebo multifokalni EEG
abnormity. Diivodem pro je zejména piani pacienta a zvazeni medicinskych rizikovych
faktord.

Vysazeni medikace se podle n¢kterych praci zkousi jen u <50 % dospélych
nemocnych. Z nich pfi sledovani 1-5 let recidivovalo 16-36 %, asi stejné ¢asto pfi vysazovani
¢i po tplném vysazeni 1écby (Schmidt D. et al., 2004). Velka vétsina z nich (~ 90 %) zistava
po znovunasazeni antiepileptik (AED) bez zachvatu. Jiné studie uvadéji vyssi procento
pokust o vysazeni, ale také < 50% uspésnost (Lee S-Y. et al., 2008; Rathore C. et al., 2001).
Uspéch je pravdépodobn&jsi u mladsich pacientiy, u kterych epilepsie trvala kratsi dobu.
Naopak opatrnosti je tieba u téch, u kterych nebyla na MRI pritkaznd MTS a tehdy, jestlize je
na poopera¢nim opakovaném EEG (v¢. spankového zaznamu) epileptiformni nalez. Naopak
ptedoperacné patrna MTS a unilateralni epileptiformni nlez jsou pozitivnimi prognostickymi

faktory (Radhakrishnan K. et al., 1997; Mcintosh AM. et al., 2004).

1.3.2 Chirurgické komplikace

Vyskyt chirurgickych komplikaci je v epileptochirurgii MTLE relativné nizky
(Behrens E.et al., 1997, Heller AC. et al., 2009). Méné zavazné komplikace se udavaji
VvV rozmezi 3,6-15,2 %, permanentni morbidita 1-2 % a mortalita vyrazné¢ < 1 % (0,24%-
Chapell R. et al., 2003).

Typickymi ¢asnymi ptechodnymi komplikacemi jsou dysfazie nebo hemiparéza jako
dtsledek otoku mozku nebo kontuze, infarktii v povodi malych cév nebo hemorrhagie
(Tanriverdi T. et al., 2009). Infekce (meningitida v 1,4 % a infekce kozniho laloku v 3,5 %)
nebo trombozy se objevuji ve 2-4 % a vyjimecné zanechéavaji trvalé nasledky. Perzistujici
hemiparéza (vétSinou v disledku infarktu capsula interna pii ischémii v povodi AChoA) se
popisuje v 0,84% (Wieser HG., 2006). Cast&jsi pooperacni morbidita (~ 10 %) je ve vyssim
véku a pfi interni polymorbidité (Schulz R. et al., 2011; McClelland S. 3rd et al., 2011).

Pro srovnani: medikamentdzni 1éCba piinasi u této skupiny pacient 5% Sanci na

vymizeni zachvati a 0,5-1 % ro¢ni imrtnost (Wiebe S. et al., 2001).

1.3.3 Neurooftalmologické komplikace

Temporalni resekce mohou poskodit opticky trakt v temporalnim laloku (Meyerovu
klicku) (Marino R. Jr. a Rasmussen T., 1968). To ma za nasledek defekty zorného pole.
Nejcasteji jde o parcialni vypadky (“pie in the sky”), nejvétsi v sektoru v blizkosti vertikalniho

meridianu. Inferolateralni hranice je horizontalni a obvykle se svazuje smérem k vertikalnimu
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meridianu, vice na oku ipsilateralnimu resekci (van Buren J. a Baldwin M., 1958). To je
dusledkem toho, ze v pfedni porci Meyerovy klicky, ktera je zejména nachylna

k chirurgickému traumatu, probihaji vlakna pro medialni horni kvadrant, zatimco v zadni ¢asti
pro jeho c¢asti lateralni (Hughes TS. et al., 1999). Néktefi autofi prokazuji stranovou asymetrii
Meyerovy kli¢ky s tim, ze defekty zorného pole jsou 3,5x Castéjsi po levostrannych operacich
(Jeelani NU. et al., 2010), jini takovy vztah nepopisuji (Barton JJ. et al., 2005). Kompletni
homonymni hemianopie je vzacna (Hervas-Navidad R. et al., 2002).

Vyskyt poruch zorného pole zavisi na typu operace a metodé hodnoceni (Katz A. et
al., 1989). Pii instrumentalnim vySeteni se uvadi prevalence v rozmezi 52-95 % (Tecoma ES.
etal., 1993, Hughes TS. et al., 1997). Cim vétsi je rozsah neokortikalni resekce, tim v&tsi je
defekt na kontralateralnim oku (Hughes TS. et al., 1999). U AMTR jsou vypadky vétsi po
resekci zahrnujici STG (Nilsson D. et al., 2004). Pti srovnani AMTR a transkortikalni SAH se
zjist'uji obdobné typy defektu, ale jejich rozsah je u SAH mensi (Egan RA. et a., 2000), a to
hlavné v blizkosti horizontalniho meridianu (Mengesha T. et al., 2009).

Rozsah vypadku odrazi individualni anatomii Meyerovy kli¢ky a stejné rozsahy
resekci mohou zapficinit rizné defekty (Taoka T. et al., 2008). N¢kteii autoti provadéji pro
predikci poruchy perimetru diftizni tensorovou traktografii (Yogarajah M.. et al., 2009), ale i
tehdy a dokonce i pii subtemporalnim operac¢nim pftistupu k SAH se udava asi V4
inkompletnich quadrantanopii (Thudium MO. et al., 2010).

Ackoli je defekt objektivizovatelny formalnim vySetfenim perimetru, uvadi se, Ze
vétsSina nemocnych si ho neuvédomuje a je ziidka funkéné vyznamny (Newman SA., 1995),
ale napt. ve Velke Britanii ve 25 % dosahuje takového stupné, Ze je na piekazku fizeni

motorového vozidla.

1.3.4 Kognitivni nezadouci uc¢inky

Po temporalnich resekcich se ¢asto zhorsi nebo nové objevi neuropsychologické
defekty (Milner B., 1972; Jones-Gotman M. et al., 1997). Obavy jsou hlavné z poSkozeni
verbalni paméti (Lee TMC. et al., 2002) po levostrannych a (méné konzistentng) vizualni
paméti (Vaz SA., 2004) po pravostrannych operacich. Naopak se u mensi ¢asti nemocnych
mize objevit zlepseni exekutivnich funkci a paméti (Kim CH. et al., 2007; Baxendale S., et
al., 2008).

Resekce je u MTLE cilena na oblasti, které jsou pro kognici (zejm. pamét’) zasadni
(Shapiro M., 2001; Nadel L. a Hardt O., 2011). Kognitivni zmény mohou byt zptisobeny i

opera¢nim traumatem a v ¢asnych mésicich po operaci maji tendenci k lepSeni. Roli mohou
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hrat i poruchy nalady (Dulay MF. et al., 2006) (viz nize) a pietrvavajici zachvaty, hlavné
status epilepticus (Dietl T. et al., 2004). Naopak u nemocnych, u kterych bylo mozno snizit
nebo dokonce vysadit 1é¢bu, maji kognitivni funkce tendenci k lepseni.

Nékteti autofi uvadéji, Ze na skupinové trovni se kognitivni vykonnost v rozmezi 2 —
10 let po operaci nehorsi (Engman E. et al., 2004; Alpherts WC. et al., 2006). Jini popisuji
progredujici defekt (Bell BD. et al, 2007). Na individualni urovni jsou vysledky riznorodé, se
zlepSenim i zhorSenim pamétnich a intelektovych funkci. Navic subjektivné udavané potize a
objektivné zjistitelné vysledky spolu koreluji jen velmi slabé (Sawrie SM. et al., 1999;
Baxendale S. et al., 2005).
ale mensiho stupné (Clusmann H. et al., 2002; Tanriverdi T. a Olivier A. 2007), jini rozdily
mezi obéma metodami nenachazeji (Jones-Gotman M. et al., 1997). Také prace srovnavajici
transsylvijsky a transkortikalni pfistup kK SAH popisuji obdobné vysledky (Lutz MT. et al.
2004).

1.3.3.1 Inteligence

Celkov¢ intelektové funkce ziistavaji podle vétSiny praci po temporalnich resekcich
stabilni (Rausch R. et al., 2003; Tellez-Zenteno JF. et al., 2005). Néktefi autofi udavaji
signifikantni zlepseni IQ (Mayanagi Y. et al., 2001; Martin P. et al., 2002), hlavné v zavislosti
na vymizeni zachvati (Wachi M. et al., 2001). To se objevuje zejm. u 0sob s vyssi
predoperaéni inteligenci a niz§im vékem v dobé operace, a to mezi 2-6 lety po operaci
(Alpherts WC. et al., 2004). Pooperacni zvyseni IQ muze vsak byt jen disledek test-retest
efektu, ackoli se ho fada praci snazi eliminovat (Leijten FS. et al. 2005; Engman E. et al.,
2006). Jen mensina autord uvadi moznost zhorSovani VIQ po levostrannych resekcich
(Goldstein LH. a Polkey CE., 1993). Inteligen¢ni kvocienty vsak mohou maskovat zmény
jednotlivych domén, napf. verbalniho porozumeéni nebo percepéni organizace (Kim H. et al.,
2003).

1.3.3.2 Pamét’

Pooperacni zmény paméti zaviseji hlavné na stran¢ operace (Sagher O. et al., 2012),
funkc¢nosti (funkéni adekvatnosti) struktur, které maji byt resekovany, a funkéni rezervé
zachovanych ostatnich struktur (Chelune GJ., 1995). Riziko zhorSenim signalizuji (nepfimé)

znamky svédcici pro ipsilateralni funkéni integritu hippocampu nebo jeho kontralateralni
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insuficienci (Baxendale SA., 2008). Svou roli hraje také typ operace, vék, 1Q a napf. i
pohlavi.

Primérné se verbalni pamét’ zhorsi u 44 % pacienti operovanych vlevo a u 20 %
vpravo. ZlepSeni verbalni paméti je méné Casté; u 7 % pacientii operovanych vlevo a 14 %
vpravo. Riziko zhorSeni vizualni paméti je obdobné pro levo- 1 pravostranné operace, 23 %
vpravo, 21 % vlevo. Ke zlepSeni vizualni paméti dojde u 15 % operovanych vlevo a 10 %
vpravo (Sherman EM. et al., 2011).

Nékteré prace (Alpherts WC. et al., 2006) prokazuji, Ze po levostrannych resekcich
dochézi k pokracujicimu horSeni akvizice a konsolidace verbalni paméti po dobu 2 let. Po
pravostrannych resekcich se pamét’ mize bezprostiedné zlepsit, pii dlouhodobém sledovani
ale toto zlepSeni vymizi. Podle nékterych autort k dalsimu horSeni verbalni paméti po 2 letech
po operaci jiz nedochazi. Podle jinych (Rausch R. et al., 2003) operace akceleruje zhorSovani
verbalni paméti zpsobené starnutim. Ackoli se verbalni pamét’ objektivné horsi relativné
Casto, jen malo pacientii to registruje a asi polovina z objektivné zhorSenych udava jeji lepSeni
(Martin R. et al., 2006). Také se pamétni defekt jen v mensiné ptipadt funkéné (napf.

v oblasti zaméstnani) projevuje (Hamberger MJ. a Drake EB., 2006).

U pacientli s preoperacné vyssi pamétni vykonnosti (coZ je pravdépodobné&jsi u téch s
normalnim MRI a histopatologickym néalezem) dochazi k vétSimu pooperacnimu tbytku
paméti (Helmstaedter C. et al., 2011). Pacienti s vyraznou MTS, a tedy vétSinou s jiz
poskozenou paméti, nemaji operaci moc co ztratit (Baxendale S. et al., 2006), i kdyZz ani to
neplati bez vyjimek (Martin RC. et al., 2002).

Nekteré prace prokazuji, Ze SAH mlZe vést k menSim pamétnim zménam nez AMTR
(Dupont S. et al., 2001; Helmstaedter C. et al., 2004), jiné to nepotvrzuji (Jones-Gotman M. et
al., 1997). Pokusy o zmenseni rozsahu resekce hippocampu nemusi byt vychodiskem,
protoze: 1. Je prokdzano, ze zbytky ponechaného hippocampu se v pribehu nékolika
poopera¢nich mésicti zmensuji, coz nakonec stejn¢ vede ke zhorSeni paméti (Baxendale SA.,
et al., 2000). 2. Alespon za cast defekti paméti je odpovédné kolateralni poSkozeni
zZ operacniho pristupu (Helmstaedter C. et al., 2008).

Vyssi veék (Wolf RL. et al., 1993) v dob¢ operace a/nebo delsi trvani epilepsie
(Helmstaedter C. et al., 1997) byvaji spojeny s horsimi pamétnimi vysledky. Z operace vSak
nemocné absolutné nediskvalifikuji. Vek v dob¢ operace vice ovliviiuje koroveé
reprezentované uceni nez konsolidaci a vybaveni (Helmstaedter C. et al., 1998). K opatrnosti

vede spiSe obava z CastéjSich komplikaci nez pon¢kud horsi epileptologicky vysledek
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(McLachlan et al., 1992) a horSeni paméti (Grivas A. et al., 2006). Naopak u nemocnych s
vys$$im piedoperacni 1Q dochazi k mensimu poopera¢nimu pamétnimu bytku (

Davies KG et al., 1998).
Roli v poopera¢nim vyvoji pamétnich funkci maze hrat i pohlavi. Zeny s levostrannou

MTLE maji pre- i postoperacné lepsi verbalni uc¢eni (Berenbaum SA. et al., 1997). Po
levostrannych resekcich se horsi dlouhodoba verbalni pamét’ vice u muzi. Zeny
s levostrannou TLE podévaji preoperacné Spatné vykony v nonverbalni paméti, ale po operaci

se postupné béhem 2 letech zlepSuji (Bjernaes H. et al., 2005).

1.3.4 Ret

Po levostrannych temporalnich resekcich se pozoruje zhorSeni fecovych funkei
(Seidenberg M. et al., 1998). Jde zejména 0 potize s hledanim slov a pojmenovanim, které
trva tydny (Saykin AJ. et al., 1995), mésice (Bell BD. et al., 2000) i déle (Langfitt JT. a
Rausch R., 1996) po operaci. Po roce perzistuji u jednoho ze ¢tyt pacientd operovanych na
fecové dominantni strang.

ZhorSeni pojmenovani se objevuje u 34 % pacientd po levostrannych operacich,
zlepseni jen ve 4 %. Verbalni fluence se zhorSuje u 10 % a zlepSuje u 27 % operovanych
vlevo a zhorSuje u 21 % a zlepSuje u 16 % operovanych vpravo (Wong SW. et al., 2009).

Stejné jako u paméti urCuje tyto defekty vzajemné pisobeni 1éze a strany operace
(Springer JA. et al., 1999), funkéniho stavu a véku. Stabilni vysledky se po operaci zjistuji u
pacientd s Casnymi rizikovymi faktory (febrilni zachvaty, trauma <5 let) (Stafiniak P. et al.,
1990) a zacatkem epilepsie (<12 let) (Bell B. et al., 2002) a histologicky verifikovanou MTS
(Davies KG. et al., 1998). V ptipadé ¢asného inzultu dochazi k vyrazné reorganizaci fe¢ovych
funkci jiz pted operaci (Carpentier A. et al., 2001; Maccotta L. et al., 2007), nékdy k jejich
ipsilateralnimu interlobarnimu (Miiller R-A. et al., 1998) nebo dokonce interhemisferalnimu
(Liegeois F. et al., 2004) pfesunu.

Poopera¢nim narusenim fe¢ovych funkci jsou naopak ohrozeni nemocni bez ¢asného
inzultu a s pozdejsim zacatkem zachvatd (Hermann BP. et al., 1999). Pozdé&ji vznikla 1éze
totiz vede K piesunu fe¢ovych funkci v ramci temporalniho laloku (Devinsky O. et al., 2000),
Casto do blizkosti 1éze (Duchowny M. et al., 1996) nebo do ptednich oblasti, které jsou
obvykle pfi rutinnich resekénich vykonech odstranény (Schwartz TH. et al., 1998). Dale jsou
rizikovi nemocni s vyss§i verbalni inteligenci a zachovanou funkéni integritou fe€ovych oblasti

(Hajek M. et al., 1998), zejména pokud jsou operovani ve vyssim véku (Helmstaedter C. et
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al., 2002), protoze restituce feGovych funkci je zavisla na mozkové plasticité, ktera se s vékem

zhorsuje (Chugani HT. et al., 1996).

1.3.5 Psychologické a psychiatrické poruchy

Uvadi se, ze psychiatrickou poruchu ma asi %2 pacienti bezprostiedné pied operaci a
az ve % ve vzdalengjsi anamnéze (Koch-Weser M. et al., 1988; Naylor AS. et al., 1994). Po
operaci se muze preexistujici porucha zhorsit nebo se de novo objevit (Kulaksizoglu IB. et al.,
2004). Pozitivni anamnéza nepiedstavuje absolutni kontraindikaci resek¢niho vykonu (Foong
J. a Flugel D., 2007). Psychiatrické poruchy ale mohou komplikovat pooperaé¢ni priabéh
(Taylor DC., 1987), zejména b&hem pil roku po operaci u nemocnych, u kterych pietrvavaji
zachvaty (Victoro VJ. et al., 1994). Naopak vymizeni zachvati se poklada za nejsilngjsi
prognosticky faktor pozitivniho psychiatrického a psychosocialniho vysledku (Taylor DC.,
1987).

Nejcastéjsi jsou poruchy nalady (Blumer D. et al., 1995), hlavné deprese, ktera byva
pfechodna, vznika v prvnich 3 mésicich po operaci (Ring HA. et al., 1998), trva obvykle 6
mésict (Wrench JM. et al., 2011) a vyskytuje se nezavisle na strané operace. I zde je
pozitivnim prediktivnim faktorem epileptologicky uspéch operace (Reuber M. et al., 2004).
Antidepresiva jsou u¢inna (Blumer D. et al., 1998).

Pfi poruchach nalady jde ¢asto o smés symptomu (Glosser G. et al., 2000), které do
jasné psychiatrické diagndzy nezapadaji a skladaji se z ryst deprese, tizkostnosti, drazdivosti,
s kratkymi cykly (napf. do 48 hod.), tedy spliiyjici kritéria interiktalni dysforické poruchy
(alesponi 3 ptiznaky z depresivity, anergie, drazdivosti, bolesti, nespavosti, strachu, uzkosti a
euforické nalady).

Preexistujici chronické psychdzy se po operaci bud’to neméni (Jensen I. a Larsen JK.,
1979) nebo se v dlouhodobém horizontu lepsi (Walker AE. a Blumer D., 1984). Epizodicka
psychdza se mize po uspésné operaci zlepsit (Matsuura M., 2000). S incidenci okolo 1 % se
mohou objevit i de novo psychézy (Callender JS. a Fenton GW., 1997). Také ty obvykle
vznikaji v prvnich 6 mésicich. Mohou se ale objevit i roky po operaci, ¢astéji u nemocnych
S jiz preoperacné zjiStovanou poruchou osobnosti (schizotypélni ¢i kompenzovanou
schizoidni) (Glosser G. et al., 2000).

Na skupinové urovni se psychologické problémy po operaci nezhorsuji (Engman E. a
Malmgren K., 2012). V ¢asném poopera¢nim obdobi vznikaji poruchy ptizptisobeni (Wilson
SJ. etal., 2005). Az 2/3 nemocnych bez zachvatu maji obtize se zvladanim nové role- tzv.

bifemeno normality ( Wilson SJ. et al., 2001). Dlouhodobé¢ $patny psychosocialni vyvoj
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predikuje ptedoperacni psychopatologie (Whitman S. et al. 1984) nebo oboustranné IED
(Anhoury S. et al., 2000) a snad pravostranna MTS (Nees H. et al., 2001).

2. Alternativni zptisoby lé¢by TLE

Duvodem Kk hledani alternativ chirurgické 1é¢by TLE je tedy, Ze: 1. neni G¢inna u

vSech pacientl a 2. je spojena s nebezpecim nezddoucich uc¢inkd.

Lze je rozdélit na: 1. mén¢ obvyklé modifikace SAH a dyskonekéni operace, 2.

stimula¢ni vykony, 3. destrukéni vykony jinou metodikou a 4. nedestruk¢ni metody 1écby.

Jejich shrnuti ptinasi Tabulka 1:

Tabulka 1: Déleni alternativ konvenéni epileptochirurgické 1écby

Neurochirurgické Modifikace SAH

»Spodni*“- subtemporalni

Diskonekce

PNS
CNS

Stimulaéni

Jiné abla¢ni Radiochirurgie

Stereotaktické termoléze

Neabla¢ni Transplantace
Genova terapie
Modulaéni Lokalni aplikace

protizachvatovych latek

Chlazeni

,Medialni*“- transsylvijska
transcisternalni

»Zadni“: sttedoCarovy transtentorialni a
supratentorialni, posterolateralni
,,PTedni‘*- subfrontalni

Temporalni lobotomie

Mnohocetné hippocampalni transekce
VNS a jiné periferni nervy

Ncl. anteriores thalami, ncl.

subthalamicus, hippocampus...

Radiofrekvencni
Laser
Ultrazvuk

Kryochirurgie
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Netermalni fyzikalni

2.1 Méné obvyklé modifikace SAH

Standardni metody SAH vyuzivaji k pfistupu k meziotemporalnim oblastem cesty
,lateralni* (trans-MTG a modifikace) nebo ,,horni (transsylvijskou). Jde o pfistupy
transkortikalni a jejich vybér se obvykle zaklada vice na zkuSenostech neurochirurga nez na
jejich vyhodach a nevyhodach (Cohen-Gadol AA. et al., 2003). Na malych sestavach pacientt
byly vyzkouseny i vSechny dalsi cesty: 1. ,,zvnittku®- transsylvijska transcisternalni, 2.
,,spodni‘‘- subtemporalni, 3. ,,zadni*- sttedoc¢arova transtentorialni, supratentoridlni a

posterolateralni zahrnujici resekci 0s petrosum i 4. ,,pfedni*“- subfrontalni.

3.1.1 Transsylvijska transcisternalni SAH

Operuje se (Vajkoczy P. et al., 1998) ptes frontotemporalni kraniotomii a durotomii
nad fissura Sylvii. Pronikne se ke karotické a chiasmatické cisterné, jejichZ protétim se
vypusti likvor. Temporalni pol se lehce odtahne laterdlné a otevie se arachonoidea
interpedunkularni cisterny. V té chvili je vidét A1 segment ACA, ICA, n. opticus a n.
oculomotorius. Preparaci ve sfenoidalnim kompartmentu Sylviovy ryhy (Gibo H. et al., 1981)
se obnazi M1 a proximalni M2 segment MCA. Identifikuje se n. oculomotorius ktery je
prekryt arachnoideou, ktera piedstavuje lateralni duplikaturu Liliequistovy membrany.
Arachnoidea se odstrani, a tim se nerv obnazi v celém svém cisternalnim pribéhu od zacatku
Vv interpedunkularni cisterné mezi PCA a SCA ke svému proniknuti durou do sinus
cavernosus. Je tieba se vyhnout jeho mechanickému drazdéni. Pak se otevie ambientni
cisterna a objevi se proximalni ¢ast P1 segmentu PCA. Pohled operacniho mikroskopu se
zméni z anteroinferiorniho na posteroinferiorni a ziska se piehled o mezialnich temporalnich
kortikalnich orienta¢nich bodech (sulcus rhinalis, g. parahippocampalis) a pfedstava o
projekci oblasti, které je tfeba resekovat, na mezialni povrch mozku. Arachnoidea po obvodu
budouci resekce se koaguluje a gyrus (v¢. unku, perirhinalni a entorhinalni oblasti, amygdaly
a predniho hippocampu) se en bloc resekuji na Groven stfedniho mesencephala. Rozsah
resekce lateraln€ saha k lateralni sténé€ temporalniho rohu. Medidlni okraj mezialnich

temporalnich struktur je zahrnut do resekce.

2.1.2 Subtemporalni SAH
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Subtemporalnim piistupem (MacDonald JD. et al., 1998) Ize hippocampus a amygdalu
odstranit pies g. fusiformis nebo g. parahippocampalis (preferen¢n¢). Operuje se (Park TS. et
al., 1996) s hlavou rotovanou kontralateraln¢ a uklonénou ~30° k podlaze. Stupen retrakce se
snizuje derivaci moku lumbalni drenazi, podanim manitolu a hyperventilaci. Provede se
kraniotomie sahajici od sutura sphenofrontalis vepiedu nad proc. mastoideus vzadu. Os
sphenoidale se odstipe ¢i odfrézuje spodiné stiedni jamy lebni. Retraktor se umisti
subtemporalné pod piedni unkus a odsaje se mok z ambientni cisterny. Po retrakci jsou
viditelné g. fusiformis, g. parahippocampalis, tentorium a ambientni cisterna. V ni se
identifikuje n. oculomotorius, ktery poskytuje anatomicky orienta¢ni bod pro inicialni incize
ve stfedni tfetiné unku (10-15 mm od bodu, ve kterém n. oculomotorius piekracuje na své
cest¢ k sinus cavernosus hranu tentoria). Unkus se vyprazdnuje ultrazvukovym odsavanim
smérem kolmym na jeho spodni povrch. Tak se pronikne do temporalniho rohu, ve kterém
jsou vidét amygdala a hlava hipokampu. Vstup do temporalniho rohu se rozsiti incizi
parahipokampalniho gyru 3-4 cm od unku. Lehkou elevaci téla hipokampu a plexus
chorioideus se odhali fissura chorioidea a taenie chorioidea. Ultrazvukovou aspiraci se odd¢li
hlava hipokampu od amygdaly. Poté se supbpialné vyprazdni parahipokampalni gyrus. Tim se
vytvoii prostor, kam se v pozdéjsi fazi disekce miize hipokampus lateralné odklopit. Pfedni 2
cm téla se transverzalné oddéli a takto zkraceny hipokampus se odlouci od arachnoidey
pokryvajici ambientni cisternu. Hipokampalni arterie vychazejici z AChoA a PCA se tésné u
hipokampu koaguluji a pterusi. To umozni en bloc resekci. Poté se odsaje hlava hipokampu a
amygdala. Resekce sahd doptedu na uroven horizontalniho tseku M1 z MCA.

Stupen retrakce miiZe sniZit retrolabyrintovy presigmoidni transpetrosni ptistup (Hori
T. et al., 1999). Operuje se z incize tvaru obraceného pismene U okolo ucha. Jeji zadni ¢ast
saha k vlasové hranici za processus mastoideus. Tak se odhali sinus transversus a sigmoideus.
Provede se kosmeticka mastoidektomie, pii které se z proc. mastoideus odstrani povrchni
kortikalis. Takovou kraniotomii se ziska vice prostoru nez pii konvenéni subtemporani SAH.
Subtemporalni dura se inciduje lateraln¢ az k sinus petrosus superior. Retrolabyrintovy navrt
neposkozuje dilezité struktury v¢. sinus petrosus superior, labyrint a pfemostujici zily. Baze
temporalniho laloku se mirné elevuje a arachnoidea kryjici cisterna ambiens se protne a
vypusti se dostatek moku. Poté se mikroskop presméruje dopiedu, takze hledi na g. fusiformis,
ktery lezi lateraln€ od okraje tentoria. Trakci na Labbého Zilu a v. temporalis inferior se
zabrani incizi dury kryjici zadni temporalni lalok. Temporalni lalok a lalok dury lze pak
elevovat retraktorem a temporalni roh identifikovat ultrazvukem. Provede se kortikotomie

Setfici event. pfemost'ujici Zily a subpialné se resekuje g. fusiformis. Bila hmota v okoli sulcus
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collateralis se odsava smérem nahoru, az se narazi na edendym temporalniho rohu, ktery se
otevie na svém polarnim konci. Identifikuje se hipokampus, ktery se separuje od svého okoli.
Cévy vedouci k nému skrz sulcus hippocampi se koaguluji a prerusi a té€lo se odstrani en bloc.
Nasledné se odsaje unkus, hlava hipokampu, g. parahippocampalis a amygdala. V resek¢ni
dutiné 1ze pozorovat bifurkaci ICA, AChoA, PCoA, tractus opticus, n. oculomotorius, PCA,
v. basalis a povrch mesencephala. Pokud je tfeba resekovat zadni porci hippocampu, miize to
neurochirurg provést z piistupu od piedni strany pacientova ucha, coz umozni lepsi piehled o

zadnich ¢astech temporalniho rohu. Nasleduje bézné uzavieni rany.

2.1.3 Supracerebelarni transtentorialni SAH

Jde o technicky naro¢ny vykon (Jittapiromsak P. et al., 2009). Operuje se (Tiire U. et
al., 2012) v polosedé s mirnym piedklonem hlavy. Vzhledem K riziku vzduchové embolie pii
event. poranéni sinus transversus nebo occipitalis se preoperacné vylouci pravolevy srde¢ni
zkrat. Peroperacné se snima transesofagealni echokardiografie a prichodnost sinus
transversus se kontroluje ultrazvukem. Linearni paramedialni kozni incize probiha stifedem
myslené ¢ary mezi proc. mastoideus a protuberantia occipitalis externa (délka je ~12 cm).
Provede se kraniotomie sahajici 1/3 nad a 2/3 pod sinus transversus. Dura a sinus transversus
se odlou¢i od kosti. To umozni odtazeni sinus transversus nahoru. Provadéji se 2 durotomie.
Prvni je umisténa na dolnim okraji kraniotomie a Slouzi kK vypousténi moku z cisterna magna.
Druha je kurvilinearni, umisténa 15 mm pod sinus transversus, ve své stiedni ¢asti s nim
rovnobézna a na koncich vedena smérem nahoru. Po durotomii se objevuji adhese villi
arachnoidales mezi posterosuperiorni plochou mozecku a durou, které je tfeba prerusit. Dura
se ulozi nad sinus transversus. Horni povrch moze¢ku se oddéli od tentoria.
V supracerebelarnim prostoru se identifikuji zily, které je tfeba zachovat. S disekci se
pokracuje smérem doptedu k zadnimu okraji cisterna quadrigemina a cisterna ambiens.
Arachnoidea se otevira od cisterna quadrigemina az na lateralni plochu cisterna ambiens.
Provadi se koagulace a incize tentoria od incisura tentorii ke stfedu horni hrany pyramidy.
Identifikuje se a. cerebelli superior, n. trochlearis, glandula pinealis, v. magna Galeni, v.
basalis Rosenthali a colliculus inferior. Zaroven jsou viditelné meziotemporalni struktury-
hipokampus a g. fusiformis, u pacientti s MTS i unkus a n. oculomotorius. Colliculus inferior
ohranicuje zadni, sulcus collateralis lateralni, fissura chorioidea medialni okraj resekce g.
parahippocampalis. Provede se incize kolma na dlouho osu g. parahippocampalis v tirovni
colliculus inferior a jeho subpialni disekce v¢. subicula a pokracuje se s ni medialné na

uroven uncu. Hippocampalni a uncalni arterie se identifikuji, koaguluji a pterusi. Se subpialni
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disekci se pokracuje lateralné k sulcus collateralis a dopiedu k vrcholu temporalniho rohu. To
umozni odstranit télo a vétSinu hlavy hippocampu en bloc. Poté se resekuje zbytek hlavy
hipokampu, unkus a amygdala. Subpialnim pfistupem pii resekci unku a opatrnou
ultrazvukovou aspiraci se eliminuje riziko poranéni tractus opticus a AChoA. Lze
prehlédnout cisterna cruralis a odstup AChoA z ICA. V dalsi fazi se pouziva neuroendoskop,
protoze ptedni a spodni ¢asti g. parahippocampalis nejsou v operaénim mikroskopu dobie
vidét, nebot’ jsou skryty za hranou pyramidy. K jejich aspiraci se pouziva zahnuta aspira¢ni
trubice. Po dokonceni resekce a hemostéaze je prehledna ICA, AChoA, PCoA, n.
oculomotorius, n. trochlearis, strop temporalniho rohu, plexus chorioideus, cauda nuclei

caudati a segmenty P2 a P3 z PCA.

2.1.4 Supraorbitalni subfrontalni SAH
Tato operace byla navrzena pro resekci tésn€ subpialné lokalizovanych 1ézi horniho
mezialniho kvadrantu pfedniho temporalniho laloku (Reisch R. et al., 2009). Recentné byla

tato cesta popsana i pro SAH z minisupraorbitalni kraniotomie (Figueiredo EG. et al., 2010).

2.2 Diskonekéni vykony

Vzhledem k rizikim resekénich vykonli na meziotemporalnich strukturach se hledaji
jejich neresekéni alternativy (Cohen-Gadol AA. et al., 2003). Lakavou mozZnosti jsou
diskonekéni vykony, mezi néz patii mnohocetné hippocampalni transekce (MHT) a

temporalni diskonekce.

2.2.1 MHT

Princip MHT je obdobny jako u mnohocetnych subpialnich transekci (MST), které
vychdzeji z toho, ze zékladni funkéni koroveé jednotky jsou uspotfadany vertikalné, zatimco
epilepticka aktivita se §ifi horizontalné. Piedpoklada se, Ze k tomu, aby zachvatova aktivita
vedla ke klinickym projeviim, je nutny nébor kritické masy neuront. Vertikdlnimi incizemi
kiiry je mozno prerusit horizontalni synapticka spojeni, coz zabrani propagaci zachvatu a Setii
vertikalni kolumny, které zabezpecuji funkci (Morrell F. et al., 1989).

Vétsina vlaken hipokampalnich okruhii (perforantni draha z entorhinalni ktiry do g.
dentatus a CA3, Schafferovy kolateraly z CA3 do CA1 a drahy z CA1 do subikula a
entorhinalni kiry) je organizovana kolmo na dlouhou osu hipokampu (Amaral D. a Lavenex
P., 1991). Epilepticka aktivita se zde propaguje longitudinalné (antero-posteriorn¢) (Umeoka
SC. etal., 2012). MHT pferusuji epileptogenni hipokampalni okruhy soubézné s dlouhou
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osou hipokampu a na tuto osu kolmé funkéné vyznamné okruhy a ve fimbrii probihajici
vlakna Setii (Shimizu H. et al., 2006).

Pii operaci se ptes MTG pted Labbého zilou (Sunaga S. et al., 2011) nebo
transsylvijsky (Shimizu H. et al., 2006) pronikne do ptedni ¢asti temporalniho rohu postranni
komory. Skalpelem se vytvoti na dlouhou osu hipokampu kolmé, 4-5 mm od sebe vzdalené
narezy alveu. Jimi se zavede kauteriza¢ni klicka a mechanicky (tedy ne kauterizaci) se pod
alveem provadgji transekce celou tloustkou hipokampu. Klicka mtze dobie pronikat Sedou
hmotou, ale je natolik tupd, Ze nemtiZze protfiznout alveus. To piedstavuje protekci proti
poranéni cév a nervi, které se nachazeji medialné od hipokampu. Vepiedu je rozsah MHT
ur¢en amygdalo-hipokampalnim pfechodem, vzadu se provadéji az ke kolikulim. Fimbria se
ponechava intaktni. Podle EEG nélezu je mozno doplnit resekci amygdaly. Po ukonceni
intraventrikularni faze se dopliuji MST parahipokampalniho gyru, event. temporalniho
neokortexu. Entorhinalni ktira se ponechava intaktni. Efekt se mtize kontrolovat ECoG a v
oblastech s vyskytem epileptiformni abnormity se MHT opakuji nebo se provadi resekce.
Operaci lze kombinovat s neokortikalnimi resekcemi.

Ve skupiné 21 ptipadii (12 levostrannych), u kterych byly provedeny MHT bylo 17
nemocnych sledovano déle nez rok. 14 (82 %) bylo bez zachvatu, 2 (12 %) mélo fidké
zachvaty a 1 (6%) se signifikantné zlepsil. U 7 z 8 pacientil, ktefi byli neuropsychologicky
vySetteni, se verbalni pamét’ nezhorsila. U 1 zhorSeného nemocného se 6 mésicli po operaci
vratila na pfedoperacni uroven (Shimizu H. et al., 2006). Pokud bychom pfistoupili na
analogii s MST (Spencer SS. et al., 2002), Ize se obavat rizika pozdnich relapst (u MST jich
bylo 18,6 %) (Orbach D. et al., 2001).

2.2.2 Temporalni lobotomie

Operace byla navrzena pro 1é¢bu TLE se zacatkem zachvatl v mezidlnich i lateralnich
temporalnich strukturach, spojenou s t€Zkou regionalni nebo hemisferalni atrofii (Smith JR. et
al., 2004). Tito pacienti jsou v disledku velké postresekéni dutiny ohrozeni vyvojem
subduralniho hematomu.

Lobotomie zahrnuje horni a zadni diskonekci, z nichz kazda ma medialni a lateralni
komponentu. Pti horni lateralni diskonekcei se subpialni aspiraci odstrani ktira STG a horni
temporopolarni oblasti. Tato resekce usnadnuje pozdé€jsi medialni ¢ast horni diskonekce. Na
fecové dominantni stran€ se zadni lateralni diskonekce provadi 3-3,5 cm od temporalniho
pélu v STG a MTG a 5 cm od polu v ITG. Na feCové nedominantni stran¢ je to 5 cm od

temporalniho polu. Tim se ziskd vstup do temporalniho rohu. Pfi zadni medialni diskonekci se
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lateromedialnim smérem pierusi temporalni stonek, hipokampus, fimbria-fornix, g.
parahippocampalis et fusiformis na urovni trigona. Poté se lateralni sténa jiz pted tim
otevien¢ho temporalniho rohu plné otevie zezadu doptedu. Laterdlni ¢ast temporalniho laloku
se retrahuje dold, coz odhali amygdalu. Aspiraci se odstrani jeji horni a zadni ¢ast a parcialné
predni unkus. S touto subpialni aspiraci se pokracuje dopfedu a vzhtiru do oblasti jiz diive
odstranéné piedni temporalni polarni kiiry.

Ve skupin¢ 10 operovanych se udavaji dobré vysledky (70 % Engel I, 10 % Engel II,
20 % Engel IV). 1 nemocny m¢l naruSenou plynulost feci a defekt verbalni paméti. U ¢asti
operovanych na fecové dominantni stran¢ byly zjistény subklinické defekty. V jiné skuping 47
pacientl byl popsan vysledek Engel I v 85 % (58 % Engel Ia) (Chabardes S. et al., 2008).
Pooperacné vznikla v 1 ptipad¢ lehka hemiparéza a u 1 nemocného hemianopie. Quadrantovy
vypadek zorného pole byl pfitomen u poloviny pacientii. Verbalni pamét’ se zhorsila u 13 %
nemocnych operovanych na feCové dominantni strané. MRI prokézalo ve 2 ptipadech
asymptomatickou ischémii thalamu resp. pallida. U 2 nemocnych doslo k dilataci
temporalniho rohu.

Neni-li temporalni diskonekce uplna, zhorsuji se epileptologické vysledky (Bailey P. a
Gibbs F., 1951). Nicméng je-li resekce mezialnich temporalnich struktur technicky obtizna
(napf. nachazi-li se podstatna ¢ast hipokampu infratentorialng), 1ze uvazovat o jeho zadni

diskonekci (Ng WH. et al., 2010).

2.3 Neurostimulace

Pti neurostimulaci jsou elektrické pulzy aplikovany na nervovou tkan nebo do jeji
blizkosti s cilem dosahnout symptomatického nebo kurativniho efektu. Atraktivni je flexibilita
stimulac¢nich parametrl (vystupni proud, frekvence, Sitka pulzu, reZim stfidani ,,on* a ,,off*
fazi) a reverzibilita. VétSina studii pouziva cyklickou pfedprogramovanou (open-loop)
stimulaci (Andrade DM. et al. 2006), vyjimecna je kontinualni stimulace (Velasco AL. et al.,
2000). Objevuji se snahy o spojeni stimulatoru s detektorem/prediktorem zachvatu
(pracujicim na principu filtrace EEG zaznamu, detekce vysokofrekvencnich oscilaci a hrot,
preiktalni EKG zmén- Kerem DH. a Geva AB., 2005, ¢i pokrocilejsich matematickych
modeli- Gotman J., 1999) v ,,closed loop* ¢i ,,responzivni stimulaci (Osorio I. et al., 2005;
Sun FT. et al., 2007). Rozeznavame stimulaci periferniho (PNS) a centralniho (CNS)

nervového systému.

2.3.1 Stimulace PNS
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Implantace stimulatoru bloudivého nervu (VNS) (Ben-Menachem E., 2002) se u
farmakorezistentni MTLE indikuje, neni-li resekéni 1écba mozna (napt. u bitemporalnich
epilepii- Alsaadi TM. et al., 2001) nebo byla-li neuspésna (Koutroumanidis M. et al., 2003).

Operace obnasi ulozeni stimuldtoru do infraklavikularni podkozni kapsy, preparaci
bloudivého nervu na krku, tunelizaci vodice od stimulatoru k n. vagus a ovinuti stimulacnich
elektrod okolo nervu. Stimula¢ni parametry 1ze ménit a stimulator je mozno pfilozenim
zevniho magnetu spustit. Stimuluje se obvykle vlevo, kde nerv obsahuje hlavné aferentni
vlakna, a proto jsou vzacné kardiorespira¢ni nezadouci ucinky. Ve specifickych ptipadech
muze byt VNS implantovan i vpravo (Navas M. et al., 2010).

Mechanizmus ucinku VNS neni jasny. Uvazuje se zejména o: 1. Ovlivnéni nucleus
tractus solitarii a locus coeruleus, o nichz je znamo, ze moduluji zachvaty. 2. Pisobeni na
neurotransmisi a vyvolavani dlouhodobych zmény krevniho pritoku a ziejmeé i exprese genti
v dal$ich oblastech dulezitych pro vznik a $iteni epileptického vyboje (napi. thalamus,
medialni temporalni lalok) (Krahl SE. et al., 1998).

Podil respondérti (dojde ke snizeni frekvence zachvat o > 50 %) je 35% - 45%
(DeGiorgio CM. et al., 2000) a s trvanim 1é¢by se mirné zvysuje (Morris G. a Pallagi J.,1998).
Jejich identifikace pred implantaci je prakticky nemozna (Janszky J. et al., 2005). VNS je
mén¢ efektivni po resekénim vykonu a u TLE ve srovnani s FLE (Burakgazi AZ. et al., 2011).
Je otazka, zda by pro jejich testovani byla pfinosem stimulace ramus auricularis n. vagi, ktera
se zatim experimentalné pouziva pii 1é¢bé ischemické choroby srde¢ni (Zamotrinsky AV. et
al., 2001). Jen asi 3 % pacientl je zcela zbaveno zachvatl a témét vSichni dale uzivaji AED.

Vedlejsi ucinky jsou tidké (Privitera MD. et al., 2002). Vyskytuji se zejména v ,,on
fazi (kaSel, chrapot a lokalni parestézie) (Morris GL. a Mueller WM., 1999). Pii testovani
béhem implantace se mohou objevit bradykardie nebo asystolie (Tatum WO. et al., 1999).
Obvyklé jsou pozitivni psychotropni (Park MC. et al., 2007) a behavioralni (Ghacibeh GA. et
al., 2006) uc¢inky. Vzacné jsou psychiatrické poruchy (napf. dysforie, zachvaty vzteku),
obvykle u nemocnych, ktefi jimi trpé€li jiz pied implantaci (Blumer D. et al., 2001).

Prislibem jsou jiné stimulac¢ni vykony na PNS. N. trigeminus ma ¢ast spoji obdobnych
jako n. vagus (ncl. tractus solitarii, locus coeruleus) (Magdaleno-Madrigal VM. et al., 2002).
Drazdéni jeho koznich vétvi je neinvazivni a Ize ho aplikovat oboustranng. Pilotni studie
popisuje podil respondéri 57% a pramérné snizeni frekvence zachvatu o 44 % (DeGiorgio
CM. et al., 2006) . Na animalnich modelech MTLE byly popsany pfiznivé efekty ¢ichové
stimulace (Ebert U. a Loscher W., 2000). Vzhledem k anatomickym spojim ¢ichového

systému a temporalniho laloku se ocekava efekt zejména u MTLE (Li X. et al., 2010).
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V animalnich experimentech byl zkouman i efekt stimulace n. glossopharyngeus a

proveditelnost implantace byla ovéfena ve studii na kadaverech (Tubbs RS. et al., 2002).

2.3.2 Stimulace CNS

Pii mozkové stimulaci lze stimulovat intracerebralni struktury (deep brain stimulation-
DBS) nebo mozkovou kiru. Cilem je bud’ potlacit vznik epileptickych vyboju (stimulaci EZ)
(Schulze-Bonhage A., 2009) nebo zabranit jejich Sifeni (Kahane P. a Depaulis A., 2010). Pro
1é€bu MTLE je vyhodna stimulace struktur Papezova okruhu a oblasti s nim spojenych.
Elektrody se zavadéji zvyklou stereotaktickou technikou a jsou spojeny s podkozné
implantovanym generatorem pulzt (Pereira EA. et al., 2007).

Ani mechanizmus u¢inku DBS neni znam (Ellis TL. a Stevens A., 2008). Caste¢né
muze jit o disledek mikroléze vzniklé pti inzerci elektrody (Osorio I. et al., 2007), o
reverzibilni funkéni 1€zi v dasledku Gc¢inku elektrického proudu na hyperexcitabilni tkan
(Theodore WH. a Fisher RS., 2004), o zvySeni zachvatového prahu stimulaci uzlové struktury
(Mirski MA et al., 1997) nebo elektrickym proudem navozenou inaktivaci bun¢k a preruseni
sité¢ (MclIntyre CC. et al., 2004). Protoze vSak antikonvulzivni efekt trva i po preruseni
stimulace a u¢innost 1éCby se Casem zvysuje, uvazuje se o tloze dlouhodobé synaptické
deprese (Dudek SM, Bear MF., 1993) a zvyseni exprese nékterych genti (napft. glutamat
dekarboxylazy, Ca®*/calmodulin-zavislé protein kinazy IT) (Liang F. et al., 1996).

Vzhledem ke svym spojim je ncl. anterior thalami lakavy cil. Multicentricka Studie
(Fisher R. et al., 2010) popisuje 1é¢bu 110 pacientd jeho oboustrannou stimulaci. Po 1 roce
byl median redukce frekvence zachvatt 41 %, ve 2 letech 56%. V ¢asné fazi mohlo dojit ke
zhorSeni frekvence zachvatl. NejcastéjSimi vedlejSimi u€inky byly deprese a zhorSeni
paméti, které byly lehké az stiedn€ vyrazné a Casem se upravily. U 9 pacientl bylo tieba
provést repozici elektrody, u 10 pacientll doslo k zanétlivym komplikacim (6x v kapse, 4x
Vv pribéhu elektrody, 1x v misté navrtu). 5 z nich vyzadovalo kompletni nebo ¢aste¢nou
explantaci. Autofi zachytili 6 asymptomatickych intrakranialnich hemorrhagii; Zadna z nich
nevyzadovala intervenci.

Také stimulace ncl. subthalamicus byla v malych klinickych sestavach G¢inna
(Chabardes S. et al., 2002; Handforth A. et al., 2006). Dosud publikované malé studie
zabyvajici se stimulaci hippocampu (Velasco AL. et al., 2007; Boon P. et al., 2007) prokazuji
relativné dosti Casta zlepSeni (vymizeni zachvati az v 1/3) (Boéx C. et al., 2011). Zkusenosti
jinych autort jsou méné povzbudivé (Tellez-Zenteno JF. et al., 2006). Dalsimi strukturami, u

kterych byla DBS pouzita, byly zadni hypothalamus (Franzini A. et al., 2008), tractus
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mamillothalamicus (Khan S. et al., 2009), caput ncl. caudati (Chkhenkeli SA. et al., 2004).
Spise anekdoticka sdéleni jsou o DBS corpus callosum (bez efektu) a locus coeruleus (se

zlepSenim frekvence zachvatt).

2.4 Destrukce EZ nechirurgickymi prostiedky
Za ¢ast nezddoucich vedlejSich ucinki epileptochirurgie je zodpovédné kolateralni

poranéni v misté piistupu k cilovym strukturam. Je tedy tfeba hledat cesty, jak se mu vyhnout.

2.4.1 Radiochirurgie

Radiochirurgie (RS) je definovéana jako trojrozmérna stereotakticka iradiace
intrakranialnich cili velkou davkou zafeni s rychlym spadem v okoli (Larson DA. a Gutin
PH., 1990). Pfesnosti dosahuje pouzitim stereotaktického ramu (ktery definuje trojrozmérny
systém) a neurozobrazovaciho vySetieni (definuje cilovou strukturu). RS lze provadét
fotonovym zaienim (u Leksellova gama noze- LGK ¢i linearniho urychlovaée- LINAC) nebo
nabitymi ¢asticemi (protony, ionty helia- nutnost synchrocyklotronu) (Romanelli P. a Anschel
D., 2006).

LGK se skladéa z 201 malych zdroji 0Co, které jsou umistény uvniti polokulového
prostoru. Kazdy zdroj vysila tizky kolimovany paprsek gama zareni (Leksell L., 1951).
Paprsky se protinaji v cilové strukture (Walton L. et al., 1987). LINAC ma pouze jeden zdroj
zafeni, ktery se pohybuje po sérii obloukt a vysila paprsek, ktery je po celou dobu zaméfen na
cilovou strukturu. Pro 1é¢bu nesférickych objemt se kombinuje nékolik sférickych 1ézi a
nékteré zdroje se zaslepuji (v LGK) nebo ¢asti oblouku vynechavaji (u LINAC) (Luxton G. et
al., 1993).

Antikonvulzivni efekt ionizujiciho zafeni byl pozorovan po ozafeni celého mozku
rentgenovym zafenim (12-25 % pacientii bez zachvatu- Tracy SG., 1905), pfi radioterapii
tumord (Chalifoux R. a Elisevich K., 1995), pti 1é¢b¢ epilepsie brachyterapii (s implantaci
®yttria do amygdaly a hipokampu- zastaveno pro hemiparézy pii okluzi AChoA- Talairach J.
a Szikla G., 1965) nebo stereotaktickou radioterapii kobaltovym ozatova¢em (36 % z 11
pacientl bez zachvatu- Barcia Salorio JL. et al., 1985). RS pfinesla pozitivni vysledky u
symptomatickych epilepsii pii 1é¢bé vaskularnich malformaci (Lindquist C. et al., 1991,
Kurita H. et al., 2001) (vysledky nebyly zavislé na obliteraci AVM- Steiner L. et al., 1992),
tumora (vyssi davky byly u¢innéjsi- Schréttner O. et al., 1998) a hypothalamickych
hamartomt (Régis J. et al., 2006). Netspéchy byly naopak u kavernomu (Karlsson B. et al.,
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1998; Shih YH. a Pan DH., 2005). Vysledky kalosotomie pomoci LGK je obtizné posoudit
(Pendl G. etal., 1999; Eder HG. et al., 2006).

Experimentalni data prokazovala, ze RS mize mit pro- i antikonvulzivni G¢inek
Vv zavislosti na davce a casovém odstupu od 1é¢by (Sun B. et al., 1998; Jenrow KA. et. al.,
2001). Vyssi (nekrotické) davky mély vétsi antikonvulzivni G¢inek. Zaroven vznikaly doklady
protiepileptického efektu subnekrotickych davek (Mori Y. et al., 2000). Usuzovalo se, ze
vyvolavaji napf. neuronalni plastické zmény a bunéénou migraci (Régis J. et al., 2002) nebo
zmény koncentraci excitaénich aminokyselin pii zachovani GABA-ergni transmise (Regis J.
et al., 1996). Animalni experimenty vSak lze vzhledem i odlisnému chovani zvifecich mozku
na lidskou epileptologii obtizn¢ aplikovat (Maesawa S. et al., 2000).

U ziejmé prvniho nemocného 1é¢eného pomoci RS (LINAC) z Cisté epileptologické
indikace se frekvence zachvatli od 2. mésice zmensila a od 7. mésice zachvaty vymizely
(Heikkinen ER. et al., 1992). Dalsi zpravy o pouziti stereotaktické radioterapie a LINAC byly
mén¢ piiznivé. U 12 pacienti 1é¢enych stereotaktickou radioterapii (skupiny 21 Gy [7x3 Gy]
a 30 Gy [15x 2 Gy]) byla primérna redukce frekvence zachvati 18 mésict po 1é¢be 37 % (9-
77 %) a zadny nebyl bez zachvat (Grabenbauer GG. et al., 2003). Lécba pomoci LINAC (12
Gy na 85% izodo6ze) u 7 pacientti s TLE ptinesla redukci frekvence zachvati 50% u 2, 30% u
1, beze zmény u 2 a vice nez 100% zhorSeni u 2. Ptes nizkou davku se u 2 nemocnych
objevily tranzitorni a u 2 trvalé komplikace (1x afazie a lehka hemiparéza, 1x ataxie a
kognitivni zhorseni) (Liang S. et al., 2010). Epileptologicky neuspéch byl i dalsi pacient
lé¢eny LINAC, jehoz nasledna operace zbavila zachvati (Cmelak AJ. et al., 2001). Ani
pocatecni pokusy o 1ébu nonlezionalni epilepsie pomoci LGK nebyly uspésné (Alexander E.
etal., 1993).

Ptelomova je prace popisujici 16-mésicni sledovani prvniho pacienta 1é¢eného
stereotaktickou amygdalohipokampektomii z Cisté epileptologické indikace pomoci LGK,
ktery byl od zakroku zcela bez zachvati (Régis J et al., 1995). Od té doby byla publikovana
fada praci zabyvajicich se RS u MTLE, ve kterych se podil bezzachvatovych pacientl
pohybuje mezi 0 % a 81 %. Proberme nejdiive prace optimistické a poté pesimistické.

Stejna skupina postupné referuje o 7 pacientech sledovanych 24-61 mésicii, z nichz
vsichni kromé jednoho byli bez zachvati (Régis J. et al., 1999), o0 15 nemocnych s dobou
sledovani > 1 rok jen s jednim ptipadem, u kterého zachvaty neustaly (jako vedlejsi Géinek
zminén 1 asymptomaticky defekt zorného pole- Régis J. et al., 1999) a 0 25 pacientech
sledovanych > 2 roky (81 % bez zachvatu a 2 zlepSeni- Régis J. et al., 2000). Zachvaty

regredovaly postupné (aury s medianem 10,5 mésice [9-22], zachvaty s medianem 10,5
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mésice [6-21], u 2 pacientl zachvaty vymizely ihned). MRI zmény se objevily za median 11
meésici (7-22). Jako vedlejsi ¢inek udavaji 3 asymptomatické defekty zorného pole a u 3
pacientu cefaleu, ve 2 ptipadech S nutnosti kortikoidni 1é¢by. V multicentrické prospektivni
studii iniciované stejnymi autory Se popisuje 21 pacienti 1é¢enych 24 = 1 Gy (Régis J. et al.,
2004). Vysledky byly hodnocené za >2 roky u 20 nemocnych (1 pacient zemfel na infarkt
myokardu). 65% (13/20) bylo bez zachvati. U 5 nemocnych byly pfitomny tranzitorni
vedlejsi ucinky (deprese, bolest hlavy, nauzea, zvraceni a porucha stability). U 9 byl zjistén
defekt zorného pole. Pacienti se neuropsychologicky nezhorsili a jejich kvalita zivota se
vyraznég zlepsila. V dalsi préci stejna skupina popisuje zkuSenosti s 15 pacienty lécenymi
okrajovou davkou 24 Gy (8 vlevo) a sledovanymi > 5 rokt (pramérné 8) (Bartolomei F. et al.,
2008). 60 % (9/16) bylo Engel | (4/16 Engel la, 6/16 Ib). K vymizeni zachvati doslo za 12
mésict (£3), coz odpovidalo dobé vzniku radiologickych zmén (12 mésicii + 4) a mohlo byt
predchazeno zvysenim frekvence aur nebo zachvatt (6/15 pacienttt). 60 % mélo cefaleu a
bylo lé¢eno kortikoterapii. U vSech bezzachvatovych pacientli se pti pokusu o vysazeni 1éCby
objevil relaps (10/15 aury/CPS) a po znovunasazeni medikace zachvaty vymizely. Autofi
povazuji RS za efektivni a bezpe¢nou metodu, jejiz dlouhodobé vysledky jsou srovnatelné
s konven¢ni epileptochirurgii (Bartolomei F. et al. 2008). V piehledné praci ze stejného
pracovisté jsou za poslednich 15 let zminovany zkusenosti S RS u 134 pacienttl, z toho 53
S MTLE, Ié¢enych pomoci LGK pro TLE (Régis J. et al., 2008). Autofi zduraznuji, ze RS je
efektivni jen u pfesné€ diagnostikovanych pacientti, u kterych se pouZzije adekvatni 1é¢ebny
protokol. Neuspéchy a nezadouci ucinky jsou podle nich disledkem nedodrzeni téchto zasad.
Dlouhodobou bezpecnost a u€innost pokladaji za srovnatelnou s chirurgickou resekcei; vyhodu
spatiuji v Setfeni verbalni paméti u nemocnych operovanych na dominantni strang.

Studie z jiného pracoviste, ale se stejnymi spoluautory, sledovala 15 pacientti (z nichz
8 [48 %] bylo invazivné vysetfovanych) 1éCenych 18-24 Gy (21.1 £ 2 Gy) na 50% izodoze >
2 roky (60+22.3 mésict) (Rheims S. et al., 2008). 46,7% bylo zbaveno zatézujicich zachvatt
po 19.75+20.62 mésicich. 10 uzavteli jako MTLE, u 5 byla EZ rozséahlejsi. Bez zatézujicich
zachvatt bylo 6 z 10 (60%) pacientd s MTLE a jen 1 z 5 (20%) s prikazem Sirsi
epileptogenni zony. Z toho autofi vyvozuji, ze za epileptologické netuspéchy je odpoveédna
rozséahlej$i EZ. Ve skutecnosti zcela bez zachvatl byl jen 1 pacient (ostatni bezzachvatovi
byli Engel 1b). 9-18 mésict po zakroku se u 8 nemocnych zvysila frekvence aur nebo
zachvatu a u 8 pacientt se objevila bolest hlavy; 4 z nich byli 1é¢eni kortikoidy.

Jiné pracovisté popisuje v piedbéznych vysledcich 85% pacientl bez zachvatu (Yang

I. a Barbaro NM., 2007) a iniciuje multicentrickou prospektivni studii pacienti
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randomizovanych na 20 Gy (17 pacientti) a 24 Gy (13 pacientti) (Barbaro NM. et al., 2009).
Po 36 mésicich bylo 67 % bez zachvatt (10/13= 76,9 % lécenych vysokou; 10/17= 58,8 %
nizkou davkou). Verbalni pamét’ se zhorsila u 15 % (4/26) a zlepsilau 12 % (3/26) (vice
zlepSeni bylo u pacientt, kteti byli zbaveni zachvati (Quigg M. et al., 2011). Ackoli 1é¢ebny
protokol byl standardizovany, byly MRI zmény velmi rizné, a zménami na difizné vazenych
obrazech a MR spektroskopii ukazovaly na neuronalni smrt a vaskularni poskozeni (Chang
EF. et al., 2010). Vedlejsi ucinky (bolesti hlavy s nutnosti kortikoidni 1é¢by, defekty zorného
pole) byly stejné u obou skupin.

A nyni méné¢ ptiznivé zpravy. Patii sem prace sledujici 5 pacientti IéCenych okrajovou
davkou 20 Gy (Srikijvilaikul T. et al., 2004). Zadny z nich nebyl zbaven zachvatii. 2 nemocni
zemieli (1 mésic a 1 rok po 1é¢bé, ziejmé v disledku zachvati). U 3 zbylych byla provedena
AMTR a vsichni byli bez zachvatd. Pitva byla provedena u prvniho pacienta, ktery zemiel 1
mésic po 1écbe. Byla nalezena MTS, ale Zadné postiradiacni zmény. U dalSich 3 nemocnych
byly v resekatech ptitomny chronické lymfocytarni a makrofagové perivaskularni infiltraty,
vaskularni skleréza, edém s nekrézou, u 1/3 i mikroglialni proliferace a mikrokalcifikace
(Prayson RA. a Yoder BJ., 2007). Jina skupina inspirovana uspéchem 1é¢by 1 pacienta
okrajovou davkou 18 Gy (Kurita H. et al., 2001) byla netspésna u dalsich dvou nemocnych;
oba jsou po operaci bez zachvati (Kawai K. et al., 2001). Ani jeden ze 3 pacientt v dalsi
studii nebyl epileptologicky zlepsen. Byly u nich zjisténé obdobné neuropsychologické zmény
jako po AMTR (McDonald CR. et al., 2004). V dalsi praci sledujici 23 pacienti 8-32 mésict
bylo 43,48 % bez zachvati, sniZeni frekvence zachvati o > 50 % u 91,3 % (Yang WD. et al.,
2005). Jini autofi popisuji 8 pacientti IéCenych okrajovou davkou 25 Gy (Hoggard C. et al.,
2008). Frekvence zachvatu se snizovala béhem prvniho roku. U 2 pacienti doslo k jejimu
pfechodnému zhorSeni, 1 z nich prodé€lal epilepticky status. P018-24 mésicich zachvaty
ptetrvavaly. U 3 nemocnych vSak pfi del$im sledovani vymizely. SR byla také pouzita k 1écbé
rezidua meziotemporalnich struktur po temporalni resekci (Yen DJ. et al., 2009). Dosahlo se
redukce zachvatt o 28,0-66,7%. U 3 z 5 pacienti byla tato redukce >50%, zadny vSak nebyl
bez zachvatl. Izde se na MRI zjistovaly postiradiacni zmény, které vsak nevyzadovaly
kortikoterapii. 1 pacient byl reoperovan a je po operaci bez zachvatii. U vS§ech nemocnych
bylo neuropsychologické zlepseni a zlepseni kvality Zivota.

Objevuji se také zpravy o vaznych pozdnich nésledcich RS pro MTLE. Je popsana
pacientka, ktera byla 1é¢ena okrajovou davkou 20 Gy (Finet P. et al., 2010). Nezbavila se

zachvati a za 6 let u ni vzniknul syndrom nitrolebni hypertenze v disledku hemorrhagické

wrwe
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nutnosti urgentni operace. Histologické vysetieni prokazovalo 1éze Sedé i bilé hmoty s t€Zkou
gliozou, hemorrhagickymi oblastmi, hyalindzou cév a neovaskularizaci. Dals$i tézkou pozdni
komplikaci ptedstavuje ptipad pacientky, u které 2 roky po 1é€b¢ ptestaly zachvaty a
medikace byla vysazena. Za 4 roky se objevila radionekréza vedouci ke slepoté (Ganz JC. a
Reda WA., 2011). Jina prace pojednava o 7 pacientech (Usami K. et al., 2012). 2 byli 1é¢eni
okrajovou davkou 18 Gy, zbyvajici ddvkou 25 Gy. Lécba vysokou davkou vedla k vymizeni
zachvatii u 2 a podstatnému zlepSeni u 2 nemocnych. 1 pacient se ztratil ze sledovani, 2
nemocni byli operovani 5 al0 let po zakroku pro symptomatickou radia¢ni nekrézu. Ta se
objevila i u dal$iho pacienta, nevyzadovala operaci a ptetrvavala jesté 10 let po zakroku. 1
nemocny se v disledku zachvatu utopil 1 rok po RS. To, Ze SR miiZe epilepsii i zhorsit,
dokazuje prace, ktera popisuje 2 pacienty, u kterych radiochirurgie okrajovou davkou 24 Gy
nevedla k vymizeni zachvatti (Rheims S. et al., 2001). Byla u nich provedena invazivni studie,
kter4 u obou odhalila v [é€ené oblasti subkontinuélni spiking a asymptomatické
elektrografické zachvaty. Oba nemocni jsou po AMTR bez zachvatu. Histologické vySetteni
prokazalo postiradia¢ni zmény. Objevila se také zprava o rozvoji MTS a farmakorezistentni

epilepsie po ozafeni AVM (Husain AM. et al., 2001).

2.4.2 Fokusovany ultrazvuk

Podobné¢ jako u RS, tedy bez nutnosti kraniotomie, lze vytvaret 1éze mozku
ultrazvukem (UZ). UZ je mechanicka energie. Propaguje jako vibra¢ni vlna (20 kHz- 20
MHz) rychlosti, kterd zavisi na sloZzeni média (ve vzduchu 600 ms ', v mekkych tkénich
~1,550 ms ', v tuku 1,480 ms ", v kosti 1,800-3,700 ms'). Oscilace jsou spojeny s tlakovou
vlnou, jejiZ energie je tkani absorbovana za tvorby tepla. Primarni efekt fokusovaného
rozmérech fadu pouzité vinové délky (Hunt JW., 1987). Vyvoj teploty je funkci mnoha
proménnych, zejména vedeni a rozptylu tepla, které zavisi na sloZeni tkdné€ a difuznich a
perfuznich dé&jich, které se mohou s teplotou ménit (napt. koagulaci a zménou prokrveni).
Proto je tfeba monitorovat a kontrolovat teplotu v redlném case. To Ize provést pomoci na
teplote zavislého zobrazeni posunu rezonanc¢ni frekvence protonti (proton resonance
frequency shift) (Kuroda K. et al., 1998), kde subtrakce faze v kazdém voxelu od bazalniho
zobrazeni je v urcitém rozmezi teplot (sahajicim za prah koagulace) imérna zvySeni teploty
V ném.

V homogennim prosttedi 1ze vysoké ptesnosti fokusace dosdhnout snadno. V

nehomogennim prostiedi je fokusace vzhledem k mnohocetnym odraziim obtizna. Lze to feSit
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pouzitim mnohocetnych zdrojt, jejichz amplitudu a fazi 1ze ménit. V oblasti zajmu jsou faze
UZ vin identické, a tedy vznika teplo, mimo ni rizné, coz vede k interferenci a atenuaci
tlakové viny. Zahtata tkdn ma prah; nad nim podlehne nekrdze, pod nim se reparuje (Hynynen
K. et al., 2006). To kontrastuje s RS, kde kumulativni davka v okolni zdravé tkani piedstavuje
limitujici faktor.

FUS se pouziva pfi 1écbé deloznich fibroidii a karcinomu prostaty s ispéchy blizkymi
klasické radioterapii (Chaussy C. et al., 2005). V neurochirurgii je jeho pouziti limitovano
obtizemi spojenymi s neinvazivnim fokusovanim a rizikem zahtati lebky a okolnich struktur
(Malcolm AL. a ter Haar GR., 1996). Ale i zde ptedstavuje MRI navigovany FUS slibnou
technologii a je testovan v preklinickych studiich a na malych skupinach pacientl, napf.

s mozkovymi tumory nebo chronickou bolesti (Jolesz FA. et al., 2005; Ram Z. et al., 2006;
Bystritsky A. et al., 2011).

2.4.3 Stereotaktické metody

Stereotactické operace je minimalné invazivni vykon vyuzivajici trojrozmérného
soufadnicového systému k lokalizaci a zasahu na intrakranialnich cilech (biopsii, ablaci, 1ézi,
injekci, stimulaci, implantaci). Jeji nevyhodou je nutnost trepanace a riziko po$kozeni tkani v
punkénim kanalu.

Lokalni destrukce tkané 1ze dosahnout napf. termolézi v¢. radiofrekvencéni (Anzai Y.

et al., 1995), laserovou ablaci (Bettag M. et al., 1991) a kryoablaci (Maroon JC. et al., 1992).

2.4.3.1 Stereotaktické termoléze

Stereotaktické zakroky u MTLE maji bohatou historii. Inicialné bylo cilem zlepSeni
poruch chovani u epileptickych pacientii a zabrana §ifeni epileptické aktivity (Umbach W.,
1971%). Provadéla se ipsilateralni fornikotomie k zastaveni $ifeni epileptického vyboje do
hypothalamu a pferuseni commissura anterior jako prevence kontralateralniho $ifeni
(Umbach W., 1971°). U nékterych nemocnych se provadély opakované zékroky, napf. v prvni
fazi fornikotomie a v pfipadé nedostatecného efektu dalsi operace napt. na amygdale, thalamu
a Forelové poli H (Pendl G. et al., 1990). Po psychiatricky motivovanych zakrocich na
amygdale se ukazalo, ze priznive ovlivnily i zachvaty (Schwab RS. et al., 1965; Bouchard G.,
1971). Casto se koagulovalo vice cilii, nékdy i oboustranné (Marossero F. et al., 1980), nékdy
se stejnymi elektrodami vySetfovalo i koagulovalo (Nashold BS. Jr. et al., 1973). Tehde;jsi
vysledky lze obtizn¢ posoudit, protoze vybér pacienti a hodnoceni vysledkt nebyly
standardizovany (Wolf P., 1991). Po 1ézich v amygdale a hippocampu se popisovala 50%
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redukce frekvence zachvatt (Bouvier G. et al., 1980) a zlepSeni témé&f u % nemocnych (i kdyz
zcela bez zachvatt bylo jen néco malo pies 10 %) (Bouchard G., 1976; Mempel E. et al.,
1980).

Koncept stereotaktické 1€ze amygdalo-hipokampalniho komplexu byl vypracovan pied
vice nez pulstoletim (Talairach J et al., 1958; Talairach J et al., 1974). Pivodné se 1éze
vytvarely brachyterapii (Talairach J. a Szikla G., 1965).

V Ceskoslovesku se se stereotaktickou 1é¢bou epilepsie ziskaly velké zkugenosti.
Leckdy se indikovala u pacientt nepfilis vhodnych pro resekéni vykon, a proto i vysledky
nebyly pfili§ povzbudivé (napt. 24,5 % ,,vylécenych nebo vyrazné zlepSenych®) (Ciganek L.
etal., 1976).

Stereotaktickou amygdalohipokampektomii okcipitalnim piistupem v jedné trajektorii
v dlouhé ose hipokampu s pouZitim strunové elektrody vypracoval doc. Vladyka (Vladyka V.,
1978), ktery popsal skupinu 38 pacientl [éCenych 18-22 segmentalnimi koagulacemi, pomoci
nichz vytvarel splyvavé 1éze o praiméru 10 mm a délky 25-30 mm. U 22 pacientd, jejichz
doba sledovani byla > 2 roky zjistil vymizeni zachvati v 50 %, vyznamné zlepSeni u 32 % a
zadny efekt u 18 %. Tyto vysledky byly srovnatelné s AMTR nebo dokonce mirné lepsi- na
stejném prcovisti bylo bylo tehdy po AMTR bez zachvatl 52,3 %, vyrazné zlepSeno 19,1 % a
nezménéno 28,6 % pacientl. Komplikacemi bylo 1 krvaceni, 2 abscesy, 1 hemiparéza a 1
homonymni hemianopie. Pfi absenci modernich neurozobrazovacich vySetieni a
limitovanych elektrofyziologickych vySetfovacich moZznostech to 1ze povaZovat za velky
uspéch. Stereotaktické 1écba navic méla vyhodu v tom, Ze pfi jejim netispéchu bylo moZno
provést resekéni vykon.

Po ptechodném sniZeni zajmu o stereotaktickou 1é¢bu MTLE pfineslo novy impulz
zavedeni modernich neurozobrazovacich metod. Prace popisujici zkuSenosti se 6 pacienty po
stereotaktické SAH udavala vymizeni zachvatti nebo jejich vyraznou redukci s minimalni
morbiditou (Kratimenos GP. et al., 1992; Kitchen ND. et al., 1993). Jini autofi popisuji
vysledky u 7 nemocnych 1é¢enych stereotaktickou SAH a 2 pacientu s kalozotomii (Patil AA.
et al., 1995). U 6 nemocnych autofi navic provedli MST. Pfi medianu sledovani 19 mésict
bylo 5 (56 %) pacientil bez zachvatt, 3 (33 %) mélo vice nez 90% redukcia 1 (11 %) vice nez
50 % redukci frekvence zachvatt. U 1 nemocného po MST se objevila tranzitorni hemiparéza.
V jiné praci se popisuji se zkuSenostmi s radiofrekvenc¢ni 1ézi amygdaly a ptedniho
hippocampu u 14 pacientt s jednostrannou MTLE/MTS (Blume WT. et al., 1997). Ocelové
koagulac¢ni elektrody zavad¢li z lateralniho piistupu z ndvrtu nad MTG. Provedené 1éze byly

9x splyvajici a 5x diskrétni. Pfed, béhem a 48 hodin po zakroku bylo monitorovano skalpové
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a invazivni EEG. Frekvence spikingu se béhem a po operaci nezménila a nekorelovala

s epileptologickym vysledkem (u 13 nemocnych doslo po zékroku k vyznamnému snizeni
frekvence zachvatll). Stejna skupina referovala o 22 stereotaktickych radiofrekvencnich
amygdalohippocampotomiich (s Setfenim parahippocampalniho gyru) u 19 pacientd (Parrent
AG. a Blume WT., 1999). Autofi vytvaieli 1. diskrétni (4-11, primérné 6,4) a 2. splyvajici
(12-54, praimérné 26) léze. V prvni skuping 1éze postihovaly 13-21 (primérné 16,8) mm, ve
druhé 15-34 (pramérné 21,5) mm hippocampu. V prvni skupin€ zaznamenali ispéch u 20 %,
ve druhé 60 % (2 byli bez zachvati). Neuspéch pficitaji autofi Setfeni parahippocampalniho

gyru.

2.4.3.2 Laser

Generator laserového zafeni je tvofen aktivnim prostiedim, rezonatorem a zdrojem
energie (Pelant 1., 2010). Zdroj (napt. vybojka) dodava do aktivniho média energii, ktera
excituje jeho elektrony do vyssi energetické hladiny. Je-1i excitovana vétSina elektrontl,
vznika tzv. inverze populace. Pii opétném piestupu elektronu na nizsi energetickou hladinu
dojde k vyzareni energie ve form¢ fotont, které interaguji s dal§imi elektrony inverzni
populace, ¢imz spoustéji tzv. stimulovanou emisi fotond se stejnou frekvenci a fazi. Diky
umisténi aktivni ¢asti laseru do rezondtoru (tvofeného napt. zrcadly) dochazi k odrazu fotonti
a jeho opétovnému priichodu prostiedim. To déale podporuje stimulovanou emisi, a tim
dochazi k exponencialnimu zesilovani toku fotont. Vysledny svételny paprsek pak opousti
télo laseru prichodem skrze polopropustné zrcadlo.

ZlepSeni techniky vlaknité optiky vytvofilo z laseru neurochirurgicky nastroj
(Temelkuran B. et al., 2002). Laserem indukovana tepelna 1écba (laser-induced thermal
therapy- LITT) pisobi na tkan teplem vznikajicim pii absorpci energie fotont v tkani (tzv.
fototermalni mechanismus). Riznou kombinaci expozi¢ni doby a plo$né hustoty vykonu Ize
docilit tkanovych efektl jako napt. koagulace, karbonizace a odpateni. Tak Ize destruovat
normalni i patologickou tkan (napf. nadory) a zaroven kauterizovat drobné cévy (Malone HR.
etal, 2011; Winkler PA., 2011).

Pti LITT se sonda zavadi stereotakticky s MRI navigaci. Obsahuje aplikétor s
vlaknitou optikou (duta vlakna) a chladici zafizeni. Prostfednictvim dutych vlaken se energie
koncentruje a kolimuje. Lze jimi ptivadét plyn k ¢isténi resekéni dutiny a odvadéni kouie
(Laws ER. Jr., 2011). Pfi jednom zakroku je mozno posunem vlaknité optiky uvniti sondy
vytvofit nékolik piekryvajicich se 1ézi (Carpentier A. et al., 2008). LITT je kompatibilni

s MR, takze 1ze provést magneticko-rezonanéni tepelné zobrazeni (viz vySe u FUS a
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Leonardi MA. a Lumenta CB., 2002; Valerio JE. et al., 2009). Vyhoda LITT je v piesnosti
tvarovani léze, Setfeni okolni tkané a hemostaze (Powers SK., 1992).

LITT se pouziva pii 1é€bé jaternich metastaz (Dick EA. et al., 2003) a karcinomu
ledvin (Dick EA. et al., 2002). V neurochirurgii ji lze 1é¢it tumory mozku (Stellar S. a Polanyi
TG., 1992) (napf. mozkové metastazy a rekurentni gliomy) (Reimer P. et al., 1998;
Schwarzmaier HJ. et al., 2005). Byly publikovany zkusenosti se skupinou 18 pacientii s TLE,
u kterych byla provedena SAH pomoci CO; laseru. U vsech doslo k redukci frekvence
zachvatu, ale také ke vzniku kvadrantového vypadu zorného pole a u 2 nemocnych
operovanych vlevo i K tranzitorni fatické poruse (Kelly PJ. et al., 1987). Nov¢ji jsou
publikovany spise komercné zamétena sdéleni z Texas Children’s Hospital v Houstonu o

pouziti laseru u 5 leziondlnich pediatrickych pacientt (r. 2001).

3.4.3.3 Kryochirurgie

Béhem zmrazeni dochazi k destrukei tkané tvorbou ledovych krystalti (vedouci
k nedostatku vody v bunkach), béhem rozmrazovani 1ézi mikrocirkulace (s vaskularni stazou,
ktera vede k ischémii) (Baust JG. a Gage AA., 2005). Cim hlubsi je zmrazeni a &im pomalejsi
rozmrazovani (vede k rekrystalizaci a zvétSeni osmotického poskozeni), tim je destruktivni
efekt veétsi (Gage AA. et al., 1985). Nasleduje-li po pomalém rozmrazovani dal$i mrazeni,
vzniknou vétsi ledove krystaly (Whittaker DK., 1975). Proto se zejména v onkologické
kryochirurgii uzivalo rychlé mrazeni (bunééna smrt vznika pii -40 a -50 °C- Neel HB. et al.,
1971), pomalé rozmrazovani (vaskularné podminéné smrt pii -20°C az -30°C) a opakovani
cykli mrazeni-rozmrazovani (Cahan WG., 1965). Rozmrazovani vede k otoku; krvaceni se
vSak vyskytuje zfidka (Hoffmann NE. a Bischof JC., 2002). Pti hojeni se objevuji infiltraty
leukocytli a mezodermalnich bunék, kapilarni angiogeneze a penetrace fibroblastli do 1éze
(Tacke J. et al., 2001). Hojeni vyZaduje vice nez 2 tydny a vyusti ve vznik pseudocysty
(Walder HA. et al., 1970) . Stejné jako u jinych termolézi neexistuje parametr, podle kterého
by bylo moZno naplanovat objem 1éze (Rabin Y., 2008), a proto 1 zde by bylo tfeba pouzit
teplotni zobrazeni pomoci MRI (Tacke J. et al., 2001).

Kryochirurgie se pouzivala i ve funkéni neurochirurgii (Walder HA., 1975), napt. pii
thalamotomiich. Ve velké skupiné kryothalamotomii pro parkinsonismus (2868 pacientil) byla
1,5% mortalita a 4,6% zavazna morbidita (Stellar S. a Cooper IS., 1968). V 60. letech se
provadély i stereotaktické kryochirurgické amygdalotomie (Chitanondh H. a Laksanavicharn

U., 1970) a dalsi operace s primarn¢ epileptochirgickym zamérem (Mazars Y. et al, 1963).
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Ptes pokrok v neurozobrazovacich metodach existuje mnoho nevyieSenych otazek a

metoda byla prakticky opusténa.

2.4.4. Transplantace a genova terapie

Epilepsii Ize chapat jako zvySenou excitaci/snizenou inhibici v dasledku poruch
neurondlnich okruhd, inhibi¢ni a/nebo excitacni synaptické transmise, funkce iontovych
kanalti, bunécného obsahu proteint (napf. neurosteroidl, neuropeptidll) a/nebo exprese genti
tyto dulezité proteiny kodujicich (iontové kanaly, trofické faktory) (Naegele JR. et al., 2010).

Transplantacni 1é¢ba ma potencial opravy narusenych multisynaptickych okruhii
(Loscher W. et al., 2008). Protoze je zapojeni bun¢k transplantatu obtizné predvidatelné a
prostredi s opakovanou hyperexcitabilitou v EZ mtze negativné ovlivnit jeho piezivani, je

mozné, ze genova terapie se ukaze jako vyhodné&jsi (O'Connor WM. et al., 1997).

2.4.4.1 Transplantace

Dosp€lé neurony se nedé€li a moznosti neurogeneze a sebeopravy jsou v CNS omezené
(Bjorklund A. a Lindvall O., 2000). Transplantace se u MTLE nabizi, protoze je u ni ubytek
bunék regionalné (Parent JM. a Lowenstein DH, 1997) a druhové (de Lanerolle NC. et al.,
1989) specificky. V cilové oblasti jsou pfitomny neuronalni kmenové bunky (NSC); prostiedi
by tedy mohlo byt pro pfezivani a synaptickou integrace transplantatu ptiznivé (Lim DA. et
al., 2007).

ZkuSenosti s 1é¢bou jinych onemocnéni nebyly optimalni (Olanow CW. et al., 2003;
Gallina P. et al., 2010). Zlepseni byla pfechodna a nezadouci ucinky zavazné (Hagell P. et al.,
2002), zahrnujici reakci na Stép, tumorigenicitu, mezidruhovy pienos virti a dokonce
epileptogenicitu transplantatu (Carpentino JE. et al., 2008; Buzsaki G. et al., 1989).

Synapticka integrace transplantatu nemusi byt pro antikonvulzivni G¢inek nezbytna
(Van Dycke A. et al., 2011). NaruSenou rovnovahu excitace-inhibice mohou upravit buiky
vylucujici antikonvulzivni latky (napt. GABA, adenosin). V experimentech byly
transplantovany napf. tkan fetalniho striata do pars reticulata substantiae nigrae (Bengzon J.
et al., 1993; Loscher W. et al., 1998) nebo plisobenim onkogenu imortalizované modifikované
bunécné linie (neurony, glie) upravené pro expresi glutamatdekarboxylazy (GAD) (Gernert
M. et al., 2002; Castillo CG. et al., 2006). To vedlo k lokalnimu zvySeni hladiny GABA a
zachvatového prahu (Thompson KW., 2005), zabraiovalo puc¢eni mechovych vlaken,
snizovalo pocet zachvatl a potlacovalo zachvaty vyvolanou buné¢nou smrt (Thompson KW.

et al., 2004). Také adenosin je endogenni antikonvulzivum, jehoz ptisobeni snizuje inaktivace
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adenosin kinazou. Jeho systémovému podani brani vedlejsi G¢inky (Li T. et al., 2008).
Transplantace neurondlnich progenitorti, které neexprimuji adenosin kindzu je schopno
potlacit spontanni zachvaty (Mujtaba T. et al., 1999; O’Shea KS., 2001). Déle se zkousely
transplantace noradrenergnich (napi. z locus coeruleus) nebo cholinergnich (ze septalni
oblasti) neuront které vSak mély pozitivni vliv jen na epileptogenezi; na jiz rozvinutou MTLE
nepisobily (Raedt R. et al., 2007). Zaniklé neurony lze nahradit transplantaci hipokampalnich
prekursorovych bunék z fetalniho mozku (Shetty AK. a Turner DA., 1997). Je-li to provedeno
kratce po inicialnim inzultu a jsou-li buniky preparovany neurotrofnimi faktory a inhibitory
kaspaz, Ize dosahnout pfezivani bunék a redukce frekvence a trvani zachvata (Hattiangady B.
et al., 2006).

Vétsi nadéji na uspech skytaji strategie, pti nichz se bunky transplantatu zapoji do
poskozenych okruhtl, diferencuji se ve zralé neurony, exprimuji vhodné transmitery a
neuropeptidy a maji pfislusné elektrofyziologické vlastnosti (Maisano X. et al., 2009). Nabizi
se transplantace embryonalnich kmenovych bunék (ESC), které 1ze mnozit a diferencovat in
vitro (Shetty AK. a Hattiangady B., 2007), a funk¢éné rovnocennych pluripotentnich bunék,
které lze tvofit ze somatickych bunék transdukci kombinace transkrip¢nich faktord (Thomson
JA. etal., 1998) (tzv. indukované pluripotentni kmenové burky- Takahashi K. et al., 2007).
Tyto buiiky se po transplantaci diferencuji ve smés excita¢nich neurond, inhibi¢nich
interneuront, gliovych a nezralych bun¢k (Chu G., 2003), které jsou potencialné tumorigenni
(Fukuda H. et al., 2006).

Cestou muize byt transplantace bun¢k medialni gangliové eminence (MGE) (Alvarez-
Dolado M. et al., 2006). MGE je tranzientni struktura bazalniho telencefala embryonalniho
mozku, ze které pochazeji z velké ¢asti inhibi¢ni hipokampalni interneurony (Pleasure SJ. et
al., 2000). Jeji bunky lze kultivovat in vitro (Alvarez-Dolado M. et al., 2006). Po transplantaci
do dospélého mozku migruji na relativné dlouhou vzdélenost (Wichterle H. et al., 1999) a
diferencuji se v GABA-ergni interneurony (Baraban SC. et al., 2009). Dobie se integruji do
epileptogenniho hipokampalniho okruhu, kde mohou exprimovat neurotrofni faktory
(Hattiangady B. et al., 2007).

Objev neurogeneze v dospélém g. dentatus z neuronalnich progenitori (NSC) zejm.

Vv subgranularni zéné (hranicici s hilem) a jejiho poklesu po opakovanych zachvatech
(Hattiangady B. et al., 2004) spolu s jeji ptedpokladanou roli v kognitivnim ubytku u MTLE a
vzniku komorbidit (napt. deprese- Sahay A. et al., 2007) vede k tvaham o moZzném
kurativnim G¢inku stimulace neurogeneze prostiednictvim extraceluldrnich

prolifera¢nich/diferencia¢nich faktort (Hagg T., 2005), napi. podavanych intraventrikularné
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(Lichtenwalner RJ. et al., 2001). NSC kultivované ze zralého hipokampu (Gage FH. et al,
1995) a subventrikularni zony (Richardson RM. et al., 2005) mohou po transplantaci do
hipokampu migrovat, diferencovat se v granularni bunky g. dentatus a dlouhodbé¢ prezivat
(Olstorn H. et al., 2007). Protoze hematoencefalicka bariéra je pti chronické epilepsii
porusena, je mozné, Ze bude mozno neurotrofni faktory podavat 1 syst¢émove. Mozna se Casem
ukaze, ze je efektivnéjsi je suplementovat transplantaci neneuronalnich buné€k, napf. bunék
kostni dien¢ (Costa-Ferro ZS. et al., 2011).

Nekteré transplantacni strategie zfejmeé budou schopné potlacit zachvaty zvySenou
inhibici, ale nebudou uc¢inné pii 1écbé poruch kognice a nalady (napft. proto, Ze posiluji
GABA-ergni inhibici, ale nenahrazuji zaniklé pyramidové bunky CA1/CA3 ¢i neposiluji
neurogenezi) (Waldau B. et al., 2010). Proto bude tieba zkoumat i kombinace transplantace
S jinymi 1é¢ebnymi zasahy (Shetty AK., 2011), napt. systémovou aplikaci faktori
potencujicich hipokampalni neurogenezi (neurotrofni faktory, antidepresiva, antioxidanty,
potravni dopliiky, nizkomolekularni latky), inkorporaci a integraci bunék do epileptogennich
okruht.

Ptes chuda preklinickd data byla u 3 farmakorezistentnich pacientti provedena
xenotransplantace veptovych fetalnich GABA-ergnich mesencephalickych bun¢k do
epileptickych hippocampt (Schachter SC. et al., 1998) s povzbudivymi vysledky (Edge AS.,

2000). Studie byla z obavy z mezidruhového ptenosu veptrovych retroviri zastavena.

2.4.4.2 Genova terapie

Genova terapie vyuziva DNA k suplementaci nebo zméné genti za ucelem ovlivnéni
chorob (Friedmann T. a Roblin R., 1972). V nejcastéjsi varianté se dysfunkéni gen nahradi
pomoci DNA kodujici funkéni gen, ktery se vloZi na ndhodné misto hostitelského genomu
(McCown TJ., 2010). Dale je mozno (napt. [endo]nukledzami), odstépit abnormni gen nebo
pouzit DNA kodujici terapeuticky protein (Urnov FD. et al., 2010). Je-li znama patogenni
sekvence genu, je mozno syntetizovat fetézec nukleové kyseliny, ktery se vaze na jim
produkovanou mRNA nebo jeji exon a inaktivuje ji (antisense therapy) (Gilbert W., 1978;
Morcos PA., 2007).

K tomu, aby se gen dostal do cilové buriky, se nejcastéji pouzivaji rekombinantni viry.
V nich je virova DNA odstranéna (gutless vectors). Viry mohou byt také syntetizovany
(synthetic viral vectors) (Rochlitz CF., 2001). Virové vektory se vazi na hostitelskou buriku a

uvolni do ni geneticky materidl (tzv. transfekce), ktery je exprimovan. Existuji i jiné metody
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transfekce; o jejich pouziti v humanni medicing se ale neuvazuje (Scherer F. et al., 2002; Vida
P., 2006).

Od 90. let probihaji klinické pokusy (nyni celosvétove asi 1.700), vétSinou u
onemocnéni zapii¢inénych mutaci jednoho genu a nadoru (http:/wiley.com), ale i u
neurologickych chorob (Tuszynski MH. et al., 2005; Fiandaca M. et al., 2008; McPhee SW. et
al., 2006; Worgall S. et al., 2008). Postupné¢ se fesi problémy kratkodobosti uéinku 1écby
(Sangro B. a Prieto J., 2010), toxické, imunitni (Acsadi G. et al., 1991) a zanétlivé (Walther
W. a Stein U., 2000) reakce a rizika reaktivace viru, tumorigeneze (Cavazzana-Calvo M.,
2004) a naruseni funkce injikované struktury (Sorensen AT. et al., 2009).

Na rozdil od genetickych onemocnéni neni u farmakorezistentni MTLE defekt
specifického genu piitomen. Pokusy o experimentalni 1é¢bu spocivaji v genetické manipulaci
excitaci a inhibici v limbickych strukturach (Vezzani A., 2004). Pouzivaji se neurotropni
rekombinantni viry adenoviry (rAAV), které vykazuji tropismus pro ur€ité neuronalni typy ¢i
oblasti mozku (Taymans JM. et al., 2007). Také pouzitim riznych promotért 1ze omezit
expresi na urc¢itou podskupinu neurond v oblasti za¢atku zachvatu (Cao H. et al., 2008) a na
specifickych neuronélnich drahach (Richichi C. et al, 2004). Material se injikuje
stereotakticky (Ruitenberg MJ. et al., 2002). Lze také vyuzit lokalizovanou poruchu
hematoencefalické bariéry po zadchvatech nebo chimérické virové kapsidy, které bariérou
prostupuji, a tedy mohou transdukovat bunky po intraven6znim podani (Gray SJ., 2010).

Slibnymi transgeny jsou latky s endogennim antikonvulzivnim ptisobenim (Baraban
(McCown T1J., 2006), mozna somatostatin (Mikkelsen JD. a Woldbye DP., 2006) a adenosin
(Boison D. et al., 2002). Provade¢;ji se i pokusy s manipulaci exprese neurotrofnich faktort (ke
zvyseni neurogeneze z endogennich NSC) (Simonato M. a Zucchini S., 2010), heat-shock
proteint (Yenari MA. et al., 2005) a mechanizmy farmakorezistence (multidrug transportnich
molekul a receptorti (Beck H. , 2007). Cilem genové terapie by mohly byt pfimo inhibi¢ni
GABA-ergni (Liu W. et al., 2005; Raol YH. et al., 2006) a excitacni glutamatergni (During
MJ. et al., 2000; Haberman R. et al., 2002) transmise.

2.4.5 Modula¢ni 1é¢ba
Podstatou téchto snah je ovlivnit zachvatové lozisko a vyhnout se systémovému

pusobeni a vlivu na neepileptickou tkan. Dotknu se jen nékolika moZnych strategii.

2.4.5.1 Lokalni aplikace protizachvatovych litek
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Antiepileptika (AED) lze aplikovat do intersticialniho prostoru mozku. Lze tak pouzit
i latky, které nejsou pro peroralni terapii vhodné (napt. nedifuzibilni peptidy, které brani
uvolnéni excitacnich transmitertt) (Rogawski MA., 2009). Rezervoarem pro jejich pomalé
uvolnovani mohou byt lipozémy nebo nanocastice (Fisher RS. a Ho J., 2002). Lze téz
systémove podat neticinny pekurzor AED, ktery se stane ¢innym interakci s lokalné

injikovanymi latkami (Fisher RS. a Chen DK., 2006).

2.4.5.2 Chlazeni

Lokalni chlazeni mozku potlacuje epileptiformni vyboje (Karkar KM. et al., 2002) a
zachvaty (Karlov VA., 2003). Jde o pre- i postsynaptické pusobeni, jehoZ mechanizmus neni
jasny. UvaZzuje se o snizeném vydeji transmitert (Eilers H. a Bickler PE., 1996), zméné
kinetiky napé&tové tizenych kanali (Traynelis SF. a Dingledine R., 1988), zpomaleni
katabolickych procest (Yang XF. et al., 2005), reverzibilni blokadé synchronie
epileptogennich neuronovych siti (Javedan SP. et al., 2002). Casové omezené fokalni chlazeni
mozku neni spojeno s funkénimi (Imoto H. et al., 2006) ani histologickymi (Yang XF. et al.,
2006) dasledky. Vhodna teplota mozku pro potlaceni zachvati je v experimentu 20-25 °C.
Prostorovy rozsah chlazeni je maly a i dlouhé a vyrazné chlazeni (napf. 2 hod. na 4 °C)
nevyvolava ztratu neuront (Yang XF. a Rothman SM., 2001). Antikonvulzivni u¢inek
hypotermie se soucasn¢ s barbituratovym komatem lécebn€ pouziva pii 1€€b¢ refrakternich
epileptickych statti (Orlowski JP. et al., 1984) (napf. s pouzitim endovaskularniho chladiciho
systému- Corry JJ. et al., 2008).

Zkusenosti jsou 1 s lokalni aplikaci (napf. ledového Ringerova roztoku) pti zdchvatech
vyvolanych peroperacni elektrostimulaci (Sartorius CJ. a Berger MS., 1998). Byla provedena
také pilotni studie s neinvazivnim chlazenim hlavy a krku s vyznamnym snizenim frekvence
zachvatil (Bagi¢ A. et al., 2008). V Ceskoslovensku byli pacienti v celkové anestézii
ochlazeni studenym vzduchem a byl u nich z bifrontalnich navrti vyplachovan
subarachnoidalni prostor nebo komory ledovym fyziologickym roztokem (teplota mozku byla
az 24 °C). U 11 z 15 nemocnych sledovanych >1 rok se snizila frekvence zachvati (4 byli
bez zachvatil) (Sourek K. a Travniéek V., 1970).

Dnes lze vyuzit termoelektrickd zatizeni, zaloZend na faktu, Ze na spojeni 2 riiznych
vodicu vzniké pro prichodu elektrického proudu teplotni gradient. V Peltierove chipu jsou
spojeny polovodice N- a P-typu elektricky v sérii a teplotné paralelné. Mize vytvaret teplotni
rozdily az 70 °C. V animdlnich experimentech byl Peltierv chip spojen v uzaviené klicce

s detektorem zachvatt a podatilo se vyrazné zkratit jejich trvani (Yang XF. et al., 2002).
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Zatizeni nyni méfi nékolik malo mm a ma potencial dal$i miniaturizace s vyuzitim
nanotechnologii (Hou KC. et al., 2001). Problémem je rychlost chlazeni, protoze tepelna
difuzivita mozku je vzhledem k vysokému obsahu tuku nizka. Pfi nizkych rychlostech

chlazeni muze efektivita klesat vzhledem k Sifeni zachvatu (Osorio I. et al., 2009).

2.4.5.3 Netermalni pisobeni UZ

Ultrazvuk o nizké intenzité¢ mize piisobit také netermalnim mechanizmem, kterym
mize zvySovat nebo snizovat aktivitu neuronu (Ades HW. a Fry WJ., 1958). Pusobi na
elastické lipidové dvojvrstvy bunéénych membran a na transmembranové proteiny, ¢imz
muze ménit propustnost membran. Ma tedy potencial distancné ovliviiovat neuronalni okruhy
(Tyler WJ., 2011). V animalnim experimentu byl schopen potlacit zachvatovou aktivitu
(Tufail Y. et al., 2011). To dava ur¢itou nadéji, Ze by mohl byt v budoucnu vyuzit pro

neinvazivni neuromodulaéni 1é¢bu (Gavrilov LR. et al., 1996).

3. Shrnuti uvodu

Epileptochirurgie farmakorezistentni MTLE je standardnim zptisobem jeji 1é€by. Pies
jeji efektivitu vSak nejde o metodu prostou neuspéechil a rizik.

Pt1 operacich neurochirurg pronika k cilovym meziotemporalnim strukturdm
neepileptogenni mozkovou kiirou, kterou resekuje, a drahami bilé hmoty, které destruuje.
Operuje Vv tésné blizkosti cévnich struktur s rizikem jejich poskozeni. Cim selektivngjsi je
operacni vykon, tim je operacni koridor uzsi. To s sebou nese riziko ptidatného trakéniho
poranéni nervovych struktur (az s projevy wallerianské degenerace- Renowden SA. et al.,
1995). Nartsta také riziko cévnich spazmii. Protoze neni jasné, kde zachvaty zacinaji
(Bertram EH., 2009), je dale otazkou, které struktury je tfeba v konkrétnim ptipadé€ odstranit
Vv z&jmu optimalniho epileptologického vysledku a které je mozno Setfit pro minimalizaci
fukénich nezadoucich uéinkt. Rada nemocnych by mohla profitovat z omezenéjsich resekci.

Epileptochirurgie TLE je dale spojena s ne nepodstatnym rizikem netspéchu
(Abosch A. et al., 2002; Aull-Watschinger S. et al., 2008). V tad¢ ptipada také operace
odstrani jen Cast epileptogenni sité, jejiz farmakoresponzivni zbytek ziistdva schopny
generovat zachvaty (Siegel AM. et al., 1990; Behrens E. et al., 1997). Vykon tedy nemusi byt
kurativni v pravém slova smyslu. Zde by naopak ¢ast pacientii mohla mit prospéch
Z rozsahlejsi resekce.

Hlavnim faktorem, ktery inspiruje hledani alternativnich zptisobt 1écby, jsou vsak

nezadouci Gcinky (Jack CR. Jr. et al., 1988), zejména obava z pooperac¢niho zhorseni kognice
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a vzniku defekti zorného pole. Cestu by mohla piedstavovat minimalizace neokortikalni
resekce a kolateralniho poskozeni. Zda je perspektiva v Setfeni nékterych meziotemporalnich
struktur (napf. bazolateralnich jader amygdaly- Ojemann JG. a Kelley WM., 2002 nebo
entorhinalni kary- Paglioli E. et al., 2006), je otazka. VétSina praci totiz nenachazi zlepSeni
pamétnich vysledku pii mensich meziotemporalnich resekcich (Schramm J., 2008).

Jako vyhody transsylvijské transcisternalni SAH se uvadéji zlepsena anatomicka
orientace, lepsi expozice meziotemporalnich oblasti, Setfeni extrameziotemporalnich struktur
a ziskalni dostate¢nych vzorkd pro histologické vySetieni (Lee JY. et al., 2001, Vajkoczy P. et
al., 1998). Nelze se vsak domnivat, ze riziko kolateralniho poSkozeni je ve srovnani
s transsylvijskou SAH mensi. Funkéni vysledky publikovany nebyly.

Potencialni vyhodou subtemporalniho pfistupu je Setieni bazolateralni kury a drah bilé
hmoty. Problémem je vsak retrakce temporalniho laloku a nebezpe¢i poranéni ITG, g.
fusiformis a Labbého zily (Heros RC., 1982), a tedy riziko poskozeni pravé téch struktur,
které mély byt Setfeny. Zastanci této metody (Park TS. et al., 1996) uvadéji, Ze maximum
retrakce je na uncu, kde event. poranéni nevadi, protoZe bude stejn¢ resekovan. Na malém
souboru bylo popsano zlepseni neuropsychologickych funkci (pamétni vykonnosti- Hori T. et
al., 2007) a metabolizmu mozku (Takaya S. et al., 2009). Epileptologické vysledky jsou
srovnatelné s jinymi SAH. Retrolabyrintovy pfistup poskytuje oproti subtemporalni SAH
medialné a bazaln€ o 1 cm vice manévrovaciho prostoru. VyZaduje vSak zbyte¢nou resekci g.
fusiformis.

Ackoli supracerebelarni transtentoridlni ptistup vypada zna¢né krkolomné, jde o
operaci, ktera Setfi extrameziotemporalni struktury a autofi referuji o dobrych
epileptologickych vysledcich u 6 pacientti. Také subfrontalni pfistup potencidlné Setii vlakna
optické radiace a temporalniho stonku a temporalni neocortex.

I u nekonvencnich operacnich pfistupti pfetrvava riziko kolateralniho poSkozeni
nervove tkdné i1 cévnich struktur. Pocet operovanych ptipadi neni dostateény k seriéznimu
zvazeni jejich nedostatkll a prednosti.

Také diskonekéni vykony byly provedeny jen na malych sestavach nemocnych a jejich
ucinnost 1ze obtizné posoudit. Pfidatnou nevyhodu ptedstavuje fakt, Ze pti nich chybi
histologicka verifikace.

Neurostimulace je dosud metoda paliativni, vhodna u nemocnych, u kterych resekéni
vykon neni indikovan. DBS je invazivnéjsi. Nese s sebou rizika neurochirurgicka (CMP 1-3

%, umrti 0.1%, infekce 3 %, eroze klize), neurologicka (netcinnost, zhorSeni zachvatii <1%) a
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technicka (pferuseni vodice, nutnost explantace, periodické vymény generatoru) (Pereira EA.
etal., 2007).

Pted event. zacatkem seridznich klinickych studii transplantacni 1éCby je tieba na
zvitecich modelech prokazat schopnost dlouhodobého ptezivani transplantati, jejich funkcni
integraci a antikonvulzivni pisobeni bez zavaznych vedlejsich G¢inka.

Kapitola o genové terapii muze znit klinickému epileptologovi futuristicky, ale neni
tomu tak. Genova terapie je jiz dosti blizko praktickému pouziti. Ve svétle pozitivnich
animalnich experimentalnich dat byl navrzen klinicky pokus s rAAV-NPY u TLE (Riban V.
et al., 2009).

Pred pokusem 0 zavedeni implantabilniho chladiciho systému (napft. pro chlazeni
hippocampu) do humanni 1é¢ebné praxe by bylo tfeba vyfesit mnoho koncepénich i
technickych otdzek. Neni jasné, na jakou teplotu je tieba ochladit lidsky mozek a zda je
mozno nalézt teplotu, ktera bude mit antikonvulzivni G¢inek a zaroven nepovede ke ztraté

funkce (Bakken HE. et al., 2003).

B. Hypotéza

Z dosud teceného vyplyva, ze bezprostiedné proveditelné jsou stereotaktické a
radia¢né neurochirurgické cesty k destrukci EZ. Moznosti vyuziti ostatnich alternativ jsou
véci diskuze s neurochirurgy (zejm. MHT a uziti laseru) a pracovniky zakladniho vyzkumu
(zejm. transplantacni a genova terapie).

Intuitivné se 1ze domnivat, Ze pro epileptologicky vysledek neni rozhodujici, jakou
metodu destrukce tkdné EZ zvolime. U alternativ by mohly byt v porovnani s mikrochirurgii
invazivita vykonu, stupen destrukce cilové struktury a kolateralni poskozeni mensi. Pak by se
dal ptedpokladat:

1. stejny epileptologicky vysledek,

2. méng¢ epileptochirurgickych rizik a

3. lepsi vysledek funkéni.

Testovani téchto hypotéz na skupindch nasich pacientti Ié€enych RS a stereotaktickou

termolézi je zdkladni mySlenkou této prace.

C. Material a metodika
Vzhledem k rozsahu nasSich praci o RS a stereotaktickych termolézich, které jsou

uvedeny v priloze, nechci zdvojovat jejich obsah (napt. kopirovanim grafu, tabulek a
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obrazkii), ale jen poskytnout zakladni fakta tak, aby bylo ziejmé, o co se opiraji diskuze a
zavery této prace.

ZkuSenosti s obéma metodami jsme ziskavali v rdmci naSeho epileptochirurgického
programu, ve kterém jsme do zaii 2011 provedli 319 operaci. Resekénich vykont bylo 228,
Z toho na temporalnim laloku 195 a extratemporalné 33. V 91 ptipadech jsme implantovali
VNS. Na temporalnim laloku jsme provedli resekce u 177 pacientd. Podle Engelovy skaly
jsme je po jediném ¢i poslednim vykonu klasifikovali jako | v 65% (115 pacientu), 11 v 17%
(30), 1 v 4,5% (8) a IV v 13,5% (24). Nemocnych s extratemporalni resekci bylo 30 a
Engelovo skore u nich bylo 1 u30% (9), 11 u 13% (4), 111 u 21% (6) a IV u 36% (11). 36
pacientt prodélalo 2 a vice resekci. Nejcastéji jsme indikovalo rozsiteni ptivodni resekce. 7 z
nich podstoupilo SAH po netspésném RS vykonu. Vysledky u téchto 36 pacientt byly | u
69% (25), 11 u 6% (2), 111 u11% (4) a IV u 14% (5). U 9 nemocnych byl po netispésném
resekénim vykonu implantovan VNS a naopak 3 nemocni s VNS byli indikovani k
resekénimu vykonu (Mareckova L. et al., 2011). Tyto vysledky jsou zcela srovnatelné se

zahrani¢nimi zkuSenostmi (Engel J. Jr. et al., 2003; T¢llez-Zenteno JF. et al., 2005)

1. Soubor radiochirurgicky lé¢enych pacienti a jeho vysledky
K zavedeni RS v 1é€bé MTLE nas vedly pozitivni zahrani¢ni zkuSenosti S prvnim
lécenym pacientem (Régis J. et al., 1995). Z tohoto zdroje jsme pievzali diagnosticky a

1écebny protokol, ktery jsme s nartistajicimi zkuSenostmi modifikovali.

1.1 Material a metodika

RS jsme pro MTLE provadeéli mezi listopadem 1995 a kvétnem 1999 (Vojtéch Z. et
al., 2009- viz priloha 1). Dlouhodobé zkusenosti mame se skupinou 14 pacientt (8 Zen),
v dobé zakroku s primérmym vékem 33,4 roku. Casné rizikové faktory jsme zjistili u vétsiny
nemocnych. Primérny vék v dobé zacatku epilepsie byl 10,9 roku (2,5-38). Vsichni méli
komplexni parcialni zachvaty (CPS). Aury (jednoduché parcialni zachvaty- SPS) se
objevovaly samostatné nebo na zacatku CPS u 6 pacientli. U 4 nemocnych se vyskytovaly
obcasné sekundarni generalizace. V dobé¢ 1éby bylo primérné trvani epilepsie 23,2 roku (9-
46).

U vsech jsme provedli rutinni prechirurgické vySetfeni (neurologické,
neuropsychologické, perimetr, EEG, skalpové video-EEG, MRI a Waduv test). Neurologické
vySetieni odhalilo drobnou hemisferalni symptomatologii u 5 pacientll. Primérné 1Q ve

skupin¢ bylo 87,4 (75-102) a MQ 83,6 (53-110). Defekty zorného pole nebyly pfitomny.
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Video-EEG prokazalo komorbiditu psychogennimi neepileptickymi zachvaty (PNES) u 1
nemocné. Sfenoidalni elektrody jsme pouzili u 2 a foramen ovale elektrody u 7 pacientt. U
vSech nemocnych zahrnoval MRI protokol T1-vazené 3D, T2- a FLAIR-vazené Sikmé
koronarni sekvence (Kuzniecky RI. a Jackson GD., 1995). Neinvazivnim prokolem jsme
diagnostikovali MTLE u vSech nemocnych s vyjimkou jednoho, u kterého jsme doplnili
invazivni studii, ktera potvrdila MTLE.

SR byla cilen4 na amygdalu (s Setfenim jeji medidlni a horni ¢4sti), hlavu a piedni
polovinu téla hipokampu a piedni ¢ast g. parahippocampalis. Davka na 50% izodoze byla 25
Gyu 6,20 Gyu2 a 18 Gy u 6 pacienti. V celém souboru pacientl byl ozateny objem 6.764
mm?, ve skuping 1é¢enych 18-20 pramémé 6.388 mm? (5.200- 8.900), u pacientil, ktefi dostali
25 Gy, primérné 7.267 mm® (6.600-7.700).

1.2 Vysledky

Pacienty jsme po vykonu sledovali klinicky, neuropsychologicky a MRI (koronarni
Sikmé T2 a nativni a postkontrastni T1- vaZzené sekvence). Frekvence CPS se 4-10 mésict po
zakroku zvySovala a poté asi do 2 let snizovala. Castost aur se zpo¢atku chovala obdobng;
mezi 12. a 19. mésicem se vSak zase zvySovala a poté sniZzovala. Celkové byla frekvence CPS
a aur na konci sledovaciho obdobi prakticky stejna jako pied zakrokem. Vysledky jsme v celé
skuping hodnotili za 39 mésici po vykonu, protoze tehdy byl prvni pacient mikrochirurgicky
operovan. Celkové bylo Engelovo skore Ibu 1, llcu 3, Illau 4, IVbu5alVcu 1l
nemocného. U 7 pacientt, kteti nebyli operovani, byly vysledky Engel Ibu 1, llcu 3, lllau 1
a IVb u 2. U zbyvajicich 7 nemocnych nas nedostateény nebo chybéjici efekt RS (I1la u 3,
VIbu3alVcul) vedl kindikaci SAH (primérné 63,5 mésicti po RS). Pfi relativné dlouhém
sledovani (praimérné 43,5 mésice po operaci) byly vysledky operovanych Engel lau 4, llb u 1
a 1ld z 1 nemocného. 1 pacientka nebyla v dobé publikace ¢lanku sledovana dostate¢nou
dobu. Pfi delsim sledovani je Engel Ia. PNES, které¢ u ni byly pfitomny jiZ pfed operact, se po
vykonu jesté jednou objevily v kumulaci. To vedlo k rehospitalizaci a video-EEG monitoraci.
Po vysvétleni podstaty onemocnéni vymizely i PNES. Ve skupiné neoperovanych pacientt se
vysledky ¢asem ponékud zlepsily a pii posledni kontrole byly Engel Ibu 1, 1ICu 3, Illaula
IVDb u 2 pacient.

Neuropsychologické sledovani bylo alespon ¢astecné mozné u 12 pacientt (1 pacient
odmitl vySetieni pfed zdkrokem a 1 po zakroku). Psychosocidlni problematiku bylo mozZné
posoudit u 11 pacientt (dal$i nemocny odmitl tuto ¢ast vySetteni). Primérné zmény 1Q byly -

1,1 bodu (+9 az -9 bodu), pro VIQ -1,2 (+7 a2 -8), pro PIQ -1,2 (+6 az -13). Primérné zmény
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MQ byly 0.3 (+24 az -29). Zadna z téchto zmén nebyla na skupinové arovni statisticky
vyznamna. U 4 pacienti v§ak doslo po zakroku k vyrazné zméné MQ (> SD); u 2 ke zlepsSeni
(0 +24 a + 22 bodu, oba IéCeni vpravo), u 2 ke zhorseni (-20 a -29 bodd, oba lé¢eni vlevo).
Subjektivné vnimana pamét'ova vykonnost jevila po zakroku tendenci k lepseni (pro
zapominani 104,9 vs. 96,5 a pro zapamatovani 74,4 vs. 65,3- niz§i hodnoty zde znamenaji
lepseni). Zejm. na vrcholu radiotoxické reakce jsme u fady nemocnych pozorovali dysfatické
a dysmnestické projevy, coz u nich ¢asto pozdéji vedlo k tomu, ze nabizenou
mikrochirurgickou operaci odmitli. Podle testovych vysledki byl jednou metodou zjistén
pozitivni trend psychosocialniho vysledku, jenz vSak nebyl potvrzen metodami jinymi.
Poméry zaméstnanosti byly neptiznivé: pred zakrokem byl pomér zaméstnani/invalidni
dichod/matefska dovolena/nezameéstnani 6/3/2/2 a po zakroku 3/10/0/0 (Preiss J. et al., 2003,
viz priloha 2).

U 9 nemocnych byl pfitomen kolateralni otok, ktery se objevoval ¢asnéji a byl
vyraznéjsi u pacientti 1é¢enych vyssi davkou. Ve 3 ptipadech mél vyrazny expanzivni
charakter a projevoval se pfiznaky nitrolebni hypertenze. Tito pacienti byli 1éCeni
kortikoterapii (3-6 mésicit). 2 z nich museli byt hospitalizovani. U 1 nemocného byly
ptiznaky mirngj$i a hospitalizace nebyla nutna, zfejmé v disledku preexistujici hypotrofie
temporalniho laloku. Po 1é¢b¢ byla u 2 pacienti zjiSténa quadrantanopie, 2 nemocni prodélali
opakované psychotické epizody a u 2 se objevil status epilepticus.

U 6 pacientil 1é¢enych okrajovou davkou 25 Gy byla provedena MR spektroskopie.
Okolo 1 roku po 1é¢bé se zjist'oval zvySeny signal lipidi. Po odeznéni otoku se snizil signal
N-acetyl aspartatu v 1éCeném amygdalo-hipokampalnim komplexu a zvysil kontralateralné
(Hajek M. et al., 2003). U operovanych nemocnych neurochirurg nachazel atroficky a
Jjizevnaté zménénou tkan amygdalo-hipokampélniho komplexu a chorioidalniho plexu.
Neuropatologické vySetieni diagnostikovalo nekrotické zmény a anizomorfni gliézu. Material
byl poni¢en ultrazvukovou aspiraci. Neurochirurg vsak neudaval béhem operaci podstatnéjsi

potize; preparace byla spiSe snazsi (dr. Dbaly, osobni sdé€leni).

1.3 Diskuze
Dlouhodobé¢ jsme sledovali druhou nejvétsi skupinu pacientt 1é¢enych RS pro MTLE
ve svétovém pisemnictvi (Vojtéch Z. et al., 2009). Z tohoto sledovani 1ze vyvodit nasledujici
Zavery:
1. Na skupinové urovni sice doslo za 2 roky po 1écbé k nesignifikantnimu poklesu

frekvence zachvatl. Po 39 mésicich sledovani vSak byla frekvence zachvatl prakticky
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stejné jako pied 1é6¢bou. Zadny z pacientii nebyl zcela bez zachvati. Naopak nasledna
operace je zachvatt zbavila v podilu, ktery je obvykly u mikrochirurgie.
Epileptologické vysledky RS jsou tedy horsi nez mikrochirurgické. Pozitivni efekt
nasledné operace na stejnych strukturach, které byly pred tim ozéteny, ukazuje, ze
diagn6za MTLE byla stanovena spravn¢. Dlouhy interval mezi RS a operaci a
vysledky u neoperovanych nemocnych vylucuji, Ze by k vymizeni zachvati mohlo
dojit v delsim casovém horizontu.

frekvence zachvatl. U nékterych pacientl se miZe objevit epilepticky status. U €asti
nemocnych mize vzniknout syndrom nitrolebni hypertenze, vyzadujici dlouhodobou
1é¢bu. I po RS se objevuji u jednotlivych pacientt kognitivni zmény, byt’ na skupinové
urovni nejsou statisticky vyznamné. Stejné tak mohou vzniknout defekty zorného pole
pracovisté zucastnilo mezinarodni multicentrické studie, v niz byla pfedoperacni
diagnostika a parametry 1éCby striktné sledovany, lze proti nasim vysledktim také
obtizn¢ argumentovat insuficienci diagnosticko-1é¢ebného protokolu.

3. Event. ptiznivy efekt RS je odloZeny do doby, kdy se v cilové tkdni objevuji atrofické
zmény. Nelze tedy hovofit o neabla¢ni nebo modulaéni terapii.

Od zavedeni této metody se V literatuie na toto téma objevuji 3 typy praci:

1. V souhrnnych ¢lancich autord, ktefi vesmés ptimé zkuSenosti s RS v této indikaci
nemaji, je metoda ¢asto zmifiovana jako perspektivni (Bazil CW. a McKhann G.,
2001; Ryvlin P., 2003; Guénot M., 2004; Abou-Khalil BW., 2004; Romanelli P. a
Anschel DJ., 2006; House PA. et al., 2007). Jiné prace uzaviraji, ze o pouziti RS u
MTLE neexistuje dostatek dat (Choi H. et al., 2008; Spencer SS., 2008) a konstatuji,
ze RS pro MTLE nedosahla $irsi popularity (Schwartz TH., 2010). Autory, ktefi maji
zkuSenosti s RS jinymi prostfedky (LINAC), ptekvapuje podil pacientti, u kterych je
nutnd kortikoterapie pro klinicky manifestni nitrolebni hypertenzi a podil hemianopii,
ktery neodpovida deklarované minimalni invazivit¢ vykonu (Grabenbauer GG. et al.,
2005).

2. Autofi, ktefi s RS pomoci LGK u MTLE osobni zkusenosti maji, poukazuji na jeji
nizkou téinnost a rizika (Srikijvilaikul T. et al., 2004; Kawai K. et al., 2001; Hoggard
C.etal., 2008; Yen DJ. et al., 2009). Jejich vysledky se vcelku shoduji s nasimi.
Objevuji se zpravy o zavaznych pozdnich komplikacich 1écby (Finet P. et al., 2010;
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Ganz JC. a Reda WA., 2011; Usami K. et al., 2012). Ty jsme nastésti v naS§em souboru
nezaznamenali.

3. Rada praci prokazuje v porovnani s nasimi zkugenostmi daleko lepsi vysledky
epileptologické i funkéni (Régis J. et al., 1999 % Régis J. et al., 1999°; Régis J. et al.,
2000; Régis J. et al., 2004; Bartolomei F. et al., 2008; Régis J. et al., 2008; Yang I. a
Barbaro NM., 2007; Rheims S. et al., 2008; Barbaro NM. et al., 2009; Quigg M. et al.,
2011) a RS povazuji za neinvazivni lé¢ebnou metodu slibujici niz§i morbiditu (Quigg
M. a Barbaro NM., 2008). Naznacuji, ze by mohla v budoucnu nahradit
mikrochirurgii (Régis J. et al., 2002). Dtivodem této diskrepance mohou byt rozdily
V hodnoceni vysledki. Revidovali jsme vysledky 6 nasich nemocnych, kteti byli
zatazeni do multicentrické studie (Régis J. et al., 2004), ktera hodnotila vysledek 24
mésich po 1é€bé. Protoze Engelova klasifikace hodnoti efekt operace nejméné po 24
mésicich a protoze RS obvykle nezbavi nemocné zachvati ihned, je zjevné, ze
po takto kratkém obdobi efekt 1é¢by hodnotit nelze. V uvedené praci neni systém
hodnoceni explicitné uveden. Uspé&snost naseho centra viak byla vy¢islena na 33 %.
Takze 2 nasi pacienti by mé&li byt bez zachvatt. Opravdu jsme nasli 2 pacienty, ktefi se
tomu blizili. Prvni nemél zachvaty 6 mésict pred zavérecnym hodnocenim, druhy
mezi 13. a 18. mésicem po zakroku, pak ale recidivoval. Podle nasich kritérii bychom
ani jednoho z nich neklasifikovali jako Gspéch. Jiné nemocné, které by bylo mozné
pokladat za bezzachvatové, jsme nenasli. V jediné srovnatelné praci s dlouhodobym
sledovanim (Bartolomei et al., 2008) je zptsob hodnoceni popsan piesné:
bezzachvatovy interval pti posledni kontrole musi byt alespont 6-mé&sicni. V této
skupiné bylo Engel la 27 % (4 z 15) 1é¢enych. Protoze vsak vsichni pfi pokusu o
vysazeni AED recidivovali, pokladame za adekvatné&jsi je zafadit do tiidy Id. Pak ve
tiidé Ia nezustava zadny (Engel J. Jr., 1987).

Samoziejmé nelze zpochybinovat nalezy jinych autorti bez detailni znalosti toho, jak k nim
dospéli. K opatrnosti v hodnoceni povzbuzujicich vysledki by vSak mohlo vést nékolik
skute¢nosti:

1. Zprava o prvnim léceném pacientovi popisuje po zdkroku okamzité vymizeni zachvatl

(Régis J. et al., 1995). To je efekt, ktery je v RS neobvykly. Doba sledovani byla
v dob¢ publikace nedostate¢na (16 meésicti).
2. Pozitivni vysledky se uvadéji prakticky jen ze dvou centrer (Marseille resp. Lyon a

Charlottesville resp. San Francisco). Jsou sice zminovana i dalsi pracovisté (Madrid,
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San Diego), ve kterych byli dajné pacienti 1é¢eni se srovnatelnymi efekty (Régis J. et
al., 2007). Ty vsak publikovany nebyly.

3. Zpusob prezentace vysledku je n€kdy zvlastni az usmévny (Bartolomei F. et al., 2008).
V ¢lanku zabyvajicim se dlouhodobym sledovanim pacientti po RS pro MTLE se
muzeme docist v odstavci ,,vysledky*: ,, The 15 patients included 9 men and 8§ women.
At the time of GK procedure 8 were treated on the left side and 7 were treated on the
right.* A o 2 véty dale: ,, At the last follow-up, 9 of 16 patients (60 %) were considered
seizure free. “ Tyto nesrovnalosti pronikly i do abstraktu, takze neni jasné, kolika
pacienty se ¢lanek zabyva.

4. Interpretace vysledkl svédc¢i o entuziasmu autorti. Lécba je oznacovana za neablacni
(Régis J. a Roberts DW., 1999) ¢i dokonce modulaéni (Régis J. et al., 2002), pficemz je
i Z prezentovanych MRI snimku ziejmé, Ze je destruktivni a Ze radiotoxicky efekt saha
daleko za hranice meziotemporalnich struktur- Régis J. et al., 1999). Po netaspéchu
studie, jejimuz planovani a provedeni byl hlavni protagonista metody osobné pfitomen,
bylo jasné, ze podil tspéchu klesa s redukci davky zafeni (Srikijvilaikul T. et al.,
2004). Nizsi davka oddaluje zacatek a snizuje zavaznost radiotoxickych zmén (Régis J.
a Levivier MM., 2003). Jejich vétsi zavaznost vSak predikuje pfiznivy epileptologicky
vysledek (Chang EF. et al., 2010). Ptedpoklada se strma kiivka, ktera oddéluje
neuspésnou 1é¢bu od radiotoxického efektu (Quigg M. Barbaro NM., 2008). Ta je vSak
individualni a i relativné nizka davka mize vyvolat tézké zmény (Chang EF. et al.,
2010). Piesto obhajci metody v nékterych sdélenich nadale pokladaji RS za
neuromodulaéni 1écbu (Régis J. et al., 2002; Régis J. et al., 2010).

5. O nécem muze svédcit 1 ur€ité poleveni obhajcti metody v publikaéni aktivite. Prace,
ktera bez detailnéjsiho popisu uvadi zkusenosti s 53 pacienty 1é¢enymi pomoci LGK
pro MTLE, je jiz 4 roky stara (Régis J. et al., 2008). V dobg, kdy se planuji
multicentrické studie, by byly dlouhodobé zkuSenosti s takto velkym souborem
obzvlasté cenné.

6. Odpor k jakékoli kritice je ze strany obhajcti metody nevécny az neslusny. Napf.
tvrzeni, Ze kritizovani nenasli v anglicky psané literatute recenzovany ¢lanek svého
kritika (Grabenbauer GG. et al., 2005), kromé¢ projevu, ktery pronesl pfi prilezitosti

odchodu svého profesora do diichodu, je mirn€ feceno nespolecenskeé.

2. Soubor nemocnych lééenych stereotaktickou termolézi
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Ackoli ma stereotakticka 1é¢ba MTLE pfes tii desetileti dlouho tradici (Vladyka V.,
1978), v moderni literatufe je o ni malo zprav (Blume WT. et al., 1997; Parrent AG. a Blume
WT., 1999). Na nasem pracovisti jsme stereotaktickou SAH (SSAH) zacali znovu pouzivat
v r. 2004 (Kalina M. et al., 2007; Liscak R. et al., 2010, Malikova H. et al., 2011- pFilohy 3-
5). Jeji metodika byla popsana diive (Vladyka V., 1978). Hlavni inovaci

predstavovalo vyuziti soucasné neurozobrazovaci a planovaci techniky.

2.1 Material a metodika

Zpracovali jsme naSe zkusenosti se souborem 51 nemocnych (23 Zen) 1é¢enych mezi
dubnem 2004 a fijnem 2009. Median véku byl 36 let (18-75). Pacienti byli vySetfovani
standardnim prechirurgickym protokolem (neurologické a neuropsychologické vySetient,
MRI, FDG-PET, video-EEG a Waduv test). U 6 nemocnych byla neinvazivni faze
nekonkluzivni. U téchto pacienti jsme provedli invazivni video-EEG studii. Obvykle jsme
pouzili symetricky z okcipitalnich navrtii zavedené hloubkové amygdalo-hipokampalni
elektrody a subduralni elektrody umisténych nad temporalni neokortex. U 50 pacienti byla
SSAH prvnim ablativnim vykonem; 1 nemocny podstoupil diive parcidlni mikrochirurgickou
SAH. 36 vykont bylo levostrannych a 15 pravostrannych.

Pouzivali jsme Leksellav stereotakticky systém. Koordina¢ni ram jsme piipevnili na
pacientovu hlavu a s nim jsme provedli MRI (T2-vazené koronarni fezy a postkontrastni 3D
akvizice ke znazornéni kortikalnich cév). Poté jsme naplanovali jednu trajektorii prochazejici
hlavou hipokampu s cilem v amygdale. Planovaci software umoznioval piizptisobeni 1éze
individualni, pomoci MRI zobrazené anatomii. Pozornost jsme vénovali tomu, aby se
trajektorie vyhybala ependymu a kortikdlnim cévam.

Vlastni termoléze jsme u vSech pacienti provadéli v polosedé v mistni anestézii a
lehké sedaci. Tésné pied vykonem jsme podévali bolus antibiotik. V misté trepanace
v okcipitalni oblasti jsme oholili vlasy a provedli perkutanni trepanaci o praméru 4 mm.
Durou jsme pronikli pomoci koagula¢niho hrotu sondy. SSAH jsme provadéli strunovou
elektrodou o zevnim priméru 1,8 mm s 10 mm dlouhym flexibilnim aktivnim koncem, kterou
jsme stereotakticky zavedli do amygdaly. Aktivni konec jsme vysunuli 8 mm lateralné od
dlouhé osy sondy a zahtali na 75°C (u 15 pacientti) nebo na 88°C (u 36) po dobu 60 s. Teplota
zavisela na tloust'ce aktivniho konce (pouzili jsme 2 rizné typy sondy- Neuro N50, Fischer-
Leibinger, Némecko). Poté jsme aktivni konec zasunuli do sondy, kterou jsme podle
operac¢niho planu otocili 0 45°, aktivni konec jsme opét vysunuli a ve stejné etazi jsme

stejnym zpusobem provedli dalsi 1ézi. V jedné etazi jsme obvykle vytvaieli 2-4 1éze. Po
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dokonceni 1ézi v jedné etazi jsme sondu posunuli o 5 mm do dalsi etaze, kde jsme stejnym
zpusobem vytvaieli dalsi 1éze. Termoléze jsme provadéli v 7-10 etazich (median 8), ¢imz
jsme vytvareli splyvajici 1ézi v délce 30-45 mm (median 35). Pocet 1ézi ve vSech pozicich
sondy byl 16-38 (median 25). Vlastni vykon trval obvykle hodinu, od fixace ramu do jeho
sejmuti asi 3 hodiny. VSechny zékroky provad¢l jeden neurochirurg (doc. MUDr. Liscak,
CSc.). Poté jsme nemocné sledovali na standardnim oddé€leni a pied propusténim jsme
provedli MRI verifikaci ulozeni a velikosti 1éze. V§echny pacienty jsme propustili 2-13 dni

(mediéan 6) po vykonu.

2.2 Vysledky

Vysledky mame k dispozici pro rtizné rozsahlé soubory pacientt. To je dasledek
jednak toho, Ze nékteré prace hodnoti jen na naSem pracovisté diagnostikované a sledované
nemocné, jednak toho, Ze sledovaci obdobi se v riiznych naSich pracich lisi.

Epileptologicky vysledek jsme hodnotili v podskupinach vybranych z celé skupiny 51
nemocnych, u kterych bylo sledovaci obdobi > 2 letech (median 31 mésicti). Po 2 letech bylo
u 32 pacienti skore podle Engela 1 u 78 % (25 pacienti), ITu 16 % (5) a IV u 6 % (2). Po 3
letech byl u 18 nemocnych vysledek Tu 72 % (13), T1u 22 % (4) aIV u 6 % (1). Po 4 letech
bylo hodnoceno 11 pacientt a vysledky byly I v 91 % (10) a IV v 9 % (1). U 1 nemocného
byl pro nedostate¢ny efekt zakrok po 13 mésicich opakovan a 2 roky poté je bez zachvatu. U
dalsich 2 pacientii jsme pro nedostatecny efekt (Engel 1VVa) indikovali AMTR bez zmény
epileptologického vysledku. 1 nemocny, ktery byl po zdkroku zcela bez zachvatt, spachal 22
meésict po ném sebevrazdu.

Casné komplikace jsme hodnotili na celé skuping 51 nemocnych. Po SSAH jsme
nezaznamenali mortalitu ani permanentni tézkou morbiditu. Zadné komplikace nemélo 21 (41
%) pacientl. 19 (37 %) nemocnych si stézovalo na lehkou bolest hlavy, ktera pti bézné
analgetické 1é€bé behem 1-3 dni odeznéla. U 11 pacientt (21 %) se vyvinul horni
meningealni syndrom, ktery pfi symptomatické 1é¢beé do 5 dnli odeznél. U prvnich 2 pacientil
(4 %) jsme diagnostikovali meningitidu vyzadujici antibiotickou 1écbu. U 1 z nich byla
asepticka, u druhého hnisava. Tento nemocny mél vrozenou koagulopatii a po zakroku jsme u
n¢j diagnostikovali plicni embolii, ze které se zotavil bez nasledkil. Po této komplikaci jsme
zacali podavat na zacatku zakroku bolus antibiotik a u dalSich pacientl k ni nedochazelo.
Maly hematom v trajektorii sondy do priméru 1 cm jsme zjistili u 4 nemocnych.

U jednoho pacienta byl spojen s malym subduralnim hematomem (tloustky do 5 mm). U

jiného nemocného bylo krvaceni spojeno s malym hemocefalem okcipitalniho rohu postranni
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komory, ktery tieti den po vykonu po pohybu hlavou zapfi¢inil akutni obstrukéni
hydrocefalus vyzadujici urgentni komorovou drenaz. Ta byla odstranéna po 4 dnech. U 3
dalsich pacientl bylo krvaceni asymptomatické, zjisténé na rutinni poopera¢ni MRI, a
nevyzadovalo 1écbu. U 2 nemocnych byl intracerebralné zjistén drobny tlomek hrotu
strunové elektrody, ktery byl asymptomaticky, znemoznoval v§ak dalsi MRI sledovani. Jde o
disledek opakovaného pouziti koagulacnich elektrod. Pravdépodobnost odlomeni vzrista po
vytvoreni 150 1ézi. V nasi skupiné k nému dochazelo pti pouziti stejné sondy u patého
pacienta. Jako bezpecné se tedy jevi pouziti sondy nejvyse u 3 nemocnych. Optimalni je
sondu pouZit jako jednorazovou pomicku. U jednoho pacienta byla zjisténa homonymni horni
quadrantanopie; ostatni nemocni defekt zorného pole neméli.

Casné po zakroku provedend MRI prokazovala koagulaéni 1ézi zahrnujici amygdalu,
hipokampus a parahipokampalni gyrus. M¢la heterogenni signal na T1- i T2-vazZenych
obrazech a obsahovala hemorrhagicka loziska. Postkontrastné se zobrazoval periferni kruhovy
enhancement a maly vazogenni otok s poruchou funkce hematoencefalické bariéry. Velikost
1ézi byla 48,3+£5,6 mm v dlouhé a 20,5+3,6 mm v kratké ose. Béhem roku se vytvoftila
podlouhla postnekroticka pseudocysta obklopena atrofickou tkani s glibzou a vazogenni otok i
enhancement vymizely. Primérna velikost pseudocysty byla 32,2+3,4 mm v dlouhé a 9,5+2,5
mm V kratké ose. Béhem druhého roku sledovani se neménila.

Na skuping¢ 18 pacientd (8 Zen) ve véku 39,5+3,1 roku, 4 operovanych vpravo jsme
volumometricky standardnim zptsobem (Cook MJ. et al., 1992; Watson C. et al., 1997)

s pouzitim definovanych anatomickych hranic (MacMaster FP. a Kusumakar V., 2004.)
porovnali objemy hipokampu a amygdaly pted a 1 rok po zakroku (Malikova H. et al., 2009-
piiloha 6). U pravostrannych pacientt byl pred vykonem objem hipokampu 1,90+0,59 cm®
(median 1,84 cm®) a amygdaly 1,77+0,20 cm® (median 1,80 cm®). Rok po operaci byl
rezidualni objem hipokampu 0,93+0,37 cm® (median 1,07 cm®) a amygdaly 0,91+0,33 cm®
(median 0,94 cm®). Po pravostranné operaci se tedy zmensily objemy hipokampu o 48+29% a
amygdaly 0 49+16%. Objemy levostranného hipokampu a amygdaly se po pravostrannych
zakrocich nezménily. U 14 levostrannych pacientt byl pted operaci objem 1é¢eného
hipokampu 2,05+0,72 cm® (median 1,96 cm®) a amygdaly 2,03+0,47 cm® (median 1,94 cm®).
Rok po zakroku se zmensil objem hipokampu na 0,90+0,50 cm® (median 0,71 cm?®, tedy o
56+16%) a objem amygdaly na 1,06+0,54 cm® (median 0,86 cm®, tedy 0 49+19%). Objemy
pravostranného hipokampu a amygdaly se nezménily. >50% redukce objemu hipokampu byla
u 72% a amygdaly u 61% pacientt.. >50% redukce objemu obou struktur byla u 50% (9)

nemocnych. V celé skupiné se po zakroku zmensil objem hipokampu 0 54+19% a amygdaly o
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49+18%. 2 roky po vykonu bylo 82 % pacientl ve tfidé Engel 1. V&tsi destrukce amygdaly a
hipokampu byla spojena s lepsim epileptologickym vysledkem. V podskupiné, ve které se
objem hipokampu nebo amygdaly zmensil o > 50 %, bylo Engelovo skore | u 77 % resp. 82
% lécenych (Ia u 69% resp. 73%). U 9 nemocnych, u kterych se zmensil o0 > 50 % objem
obou struktur, byl Engel la u 89% (8 pacientti) a Ilb u 11 % (1). 2 roky po zakroku bylo
zastoupeni pacientil ve tiidé Engel I stejné, ale skore Ia kleslo na 67 %. Nemocni, u kterych
nedoslo k redukci objemu obou struktur 0 > 50 %, byli 1 a 2 roky po vykonu v tfidé I v 67 %
resp. 56 %.

V dalsi préci jsme se vénovali otazce, zda je epileptologicky vysledek u SSAH zavisly
na rozsahu redukce perirhinalni (PRC) nebo entorhinalni (EC) ktiry (Malikova H. et al., 2011-
priloha 7). Na skupiné€ 26 nemocnych jsme provedli volumometrii PRC a EC pted a rok po
vykonu a korelovali vysledky s Engelovym skére. Objem se zmensSil 0 46 = 17% u PRC a o
56 +£20% u EC. 2 roky po vykonu bylo Engelovo skore I u 73 % (19 pacienttr), 11 u 19 % (5)
alV u8% (2). Nenalezli jsme korelaci mezi stupném redukce objemu PRC ani EC a
epileptologickym vysledkem.

Protoze je zfejmé, ze ne vzdy se shoduje naplanovany rozsah resekce s vysledky
pooperac¢nich MRI kontrol (Schramm J., 2008), porovnali jsme stupné redukce objemu
amygdaly a hipokampu po SSAH s AMTR na skupiné 33 pacienti s MTLE (Malikova H. et
al., 2010- priloha 8). 23 nemocnych (10 zen, pramérny vék 39,7 +£12,4 roku) podstoupilo
SSAH, 5 z nich vpravo. Objem se zmensil u hippocampu o0 58,0% u amygdaly 0 55.2%. 3
roky po operaci bylo Engelovo skore 1 u 74%, Il u 22% a 111 u 4%. U 10 pacientt (3 Zeny,
prumérny veék 36,6 + 12,5 roku) 1é¢enych AMTR (3 vpravo) bylo odstranéno 83,5%
hipokampu a 53,1% amygdaly. 2 roky po operaci bylo Engelovo skore Tu 50 %, 2 u 30 %, III
ul0%alVul0 %.

Kognitivni vysledky SSAH jsme zpracovali ve 2 ¢lancich. V prvnim (Vojtéch Z. et al.,
2012- priloha 9) jsme popsali skupinu 31 nemocnych, u kterych jsme neuropsychologickym
vySetienim (Wechsler Adult Intelligence Scale-Revised a Wechsler Memory Scale-Revised)
provedenym pied SSAH a rok po ni na skupinové tirovni zjistili zvyseni 1Q, VIQ resp. PIQ o
4, 3 resp. 4 body (p< 0,05). Na individualni urovni se 1Q, VIQ resp. PIQ signifikantné zlepsilo
us (17.2%), 4 (13.8%) resp. 4 (13.3%) pacientl. Na skupinové urovni jsme nezjistili Zadné
signifikantni zmény ve vysetfeni paméti se zménami celkového, verbalniho a vizualniho MQ
1, 3 resp. 0 bodl. Na individualni Grovni se signifikantné zlepsil celkovy MQ u 3 (10,3 %) a
verbalni MQ u 1 (3,4 %). U 1 nemocného (3,3 %) se signifikantné zhorsil vizualni MQ.



53

Ve druhé¢ studii (Malikova H. et al., 2012- priloha 10) jsme na skupin¢ 35 pacientti
porovnavali neuropsychologické vysledky s MRI volumometrii rezidualniho hipokampu.
SSAH redukovala objem hipokampu o (58+17%) vlevo a o (54+27%) vpravo. Stejné jako
V prvnim ¢lanku se IQ po zakroku zvysilo. V celé skupiné se signifikantné zlepsil verbalni
MQ a sémantickd dlouhodoba pamét’. U nemocnych 1écenych vpravo doslo ke zlepseni
verbalni paméti, odloZzeného vybaveni a sémantické dlouhodobé paméti. U pacientl po
levostranném zakroku jsme zmény paméti nepozorovali. Zjistili jsme trend ke zlepSeni
vizualni paméti u pacientii operovanych na fecové dominatni stran¢ v zavislosti na vétsi

redukci objemu hipokampu.

2.3 Diskuze

SSAH jsme zacali znovu pouzivat proto, abychom se vyhnuli poskozeni neokortexu a
drah bilé hmoty. Postupné se ukézalo, Ze i1 1éze cilovych meziotemporalnich struktur jsou
Setrnéj$i. Publikovali jsme zkuSenosti s nejrozsahlej$im souborem pacientti s MTLE 1é¢enym
stereotaktickymi termolézemi (Lisc¢ak et al., 2010).

Nase vysledky lze obtizné porovnavat s literaturou. Jediné prace pouzivajici podobny
postup jsou k dispozici z London, Ontario (Blume WT. et al., 1997; Parrent AG. a Blume
WT., 1999). Jejich epileptologicky efekt byl v§ak horsi nez vysledky mikrochirurgie i nase
stereotaktické zkusSenosti (jen 10 % pacientti bylo bez zachvatu). Dtvodem této diskrepance
je pouzita metoda. NaSe modifikace SSAH umoziluje vytvoteni splyvajici 1éze, jejiz hranice
jsou tvarované podle individualnich anatomickych poméri. Pfedozadni rozmér 1éze, ktera
krom¢ amygdaly a hipokampu postihuje také parahipokampalni gyrus, je vétsi nez ve
srovnavané praci. V ni navic nebyla provedena volumometrie, nelze tedy porovnavat ani
morfologické vysledky. Jedna trajektorie z okcipitalniho pfistupu je sice delsi, méla by vsak
komplikaci je ale v obou pracech srovnatelna (Parrent AG. a Blume WT., 1999; Lis¢ak R. et
al., 2010).

Dalsi ptistup ke stereotaktické 16cbé epilepsie je vytvaieni termolézi diagnostickymi
elektrodami podle konkrétnich elektrofyziologickych vysledkt. To vsak znemoznuje jejich
tvarovani, a proto Se tento postup povazuje za paliativni (Catenoix H. et al., 2008).

Vyhodou transokcipitalniho pfistupu je, Zze destruuje hipokampus v dlouhé ose.
Orientace 1€ézi je na tuto osu kolma. To mozna dava vykonu relativni selektivitu spocivajici
Vv preruseni preferencné epileptogennich okruht probihajici v dlouhé ose hipokampu (Kondo
H. et al., 2008, 2009).
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SSAH destruuje meziotemporalni struktury (amygdalu, hipokampus, PRC, EC) jen
parcialné (Malikova et al., 2009, 2010). Vzhledem k transokcipitalnimu pfistupu je cilena
hlavné na hlavu a ptedni ¢ast téla hipokampu. Zadni ¢ast téla a ocas hippocampu Setii, coz
muze byt podkladem lepSich pamétnich vysledka (Bonelli SB. et al., 2010). Studie, ktera
porovnavala epileptologické efekty malé (25mm) a velké (35mm) resekce hipokampu, sice
nachazela obdobné epileptologické a neuropsychologické vysledky (Helmstaedter C. et al.
2011). V porovnani s mikrochirurgii je vSak redukce objemu meziotemporalnich struktur po
SSAH daleko mensi (Malikova H. et al., 2010; Schramm J., 2008) a neokortikalni struktury
Setii zcela. V jinych pracech nachazené dalsi svraStovani rezidudlniho hipokampu (Baxendale
SA. et al., 2000; Mueller CA. et I., 2009) jsme nenalezli.

Nase studie prokazuji srovnatelné epileptologické vysledky s mikrochirurgii a
podporuji ndzor, Ze preruSeni spoju v epileptogenni siti mize byt pro odstranéni zachvatii
dostacujici, 1 kdyZ neni cilova struktura kompletné anatomicky zni¢ena. Nemiizeme vSak
odhadnout, zda SSAH bude moci pii dlouhodobém sledovani konkurovat stabilnim
vysledktim mikrochirurgie (Tellez-Zenteno JF et al., 2005). Z nasich pozorovani nelze
predikovat, jak se bude chovat atroficka a glioticky zménéna tkan v okoli pseudocysty. Zda se
vSak rozumné zacit 1écbu méné€ invazivnim zékrokem a v piipad¢ netispéchu pokracovat
rozsahlej$im vykonem.

Meziotemporalni stuktury, které jsou pii vSech typech chirurgickych zakroku pro
farmakorezistentni MTLE destruovany, jsou kli¢ové pro pamét’ (Frankland PW. a Bontempi
B., 2005). Obava z naruseni pamétovych funkci muze byt faktorem, ktery u nékterych
nemocnych vede k odmitnuti operace (zejména je-1i morfologicky nalez normalni, pamétove
funkce nejsou postiZzeny a planuje se operace na feCové dominantni stran¢) (Baxendale S. et
al., 2007). Nekteré studie vsak prokazaly, ze uspésny epileptochirurgicky vykon muze i na
dominantni stran¢ zastavit kognitivni horSeni a vzacné mirné zlepsit verbalni pamét’ (Paglioli
E. et al., 2006; Baxendale S. et al., 2008). Tato $ance je ponékud vétsi po SAH nez po AMTR
(Schramm J., 2008). Cast kognitivniho defektu po SAH se piigita kolateralnimu poskozeni
(Helmstaedter C. et al., 2004).

Na skupinové urovni jsme po SSAH zjistili lehké zlepSeni intelektovych a nezménéné
pamétové funkce. V oblasti intelektu a paméti bylo vice zlepSenych nez zhorSenych pacientt.
Pficina lepSeni intelektovych funkci neni jasna. Nalez je vSak v souladu s fadou dalSich praci
(napf. Morino M. et al., 2006). Muze jit o disledek vymizeni zachvati, a tedy celkové lepSiho

pacientova stavu, nebo test-retest efektu (Engman E. et al., 2006). Ten jsme se vSak snazili
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eliminovat uzitim statistickych metod- reliable change indices) (Jacobson NS. a Truax P.,
1991; Evans C. et al., 1998).

K vysvétleni zhorSeni paméti po epileptochirurgickych operacich byly navrzeny 2
modely (Chelune GJ. et al., 1991): 1. Teorie hipokampalni rezervy piedpoklada, ze
kontralateralni hipokampus ma potencial podporovat po operaci pamétové funkce. 2. Model
funk¢ni adekvatnosti postuluje, Ze pro pooperacni pamétovou vykonnost je rozhodujici
predoperacni funkce ipsilateralniho (resekovaného) hipokampu. Studie fMRI vsak prokazuji,
ze v pamétovych funkcich je angazovano mnoho dalSich struktur (napi. parahipokampalni
gyrus a neokortex) (Dupont S. et al., 2000).

Na skupinové trovni jsme nenasli horSeni paméti a zadny pacient se nezhorsil ve
verbalni paméti, a to i pfes to, ze vétsina z nich byla operovana na feCové dominantni strané.
To je vysledek, ktery je u mikrochirurgie neobvykly. VétSina praci totiz na skupinové trovni
prokazuje po levostrannych vykonech horseni verbalni paméti (Schramm J., 2008). Pii
korelaci neuropsychologickych vysledkt a redukce objemu hipokampu jsme zjistili trend
k lepSeni vizualni paméti (Lee TM. et al., 2002) pti vétsi objemové redukci levého hipokampu
(Malikové H. et al., 2012). To muze byt disledkem eliminace epileptické aktivity (Novelly
RA. et al., 1984), normalizace hypometabolismu (Rausch R. et al., 1994) nebo pooperac¢niho
zlepSeni neuronalni plasticity (Helmstaedter C. a Elger CE., 1998). Ob¢ pozorovani
podporuji hypotézu funk¢ni adekvatnosti.

Na individudlni urovni doslo k celkovému zhorSeni paméti u pacientky operované na
dominantni strang, s nadprimérnymi ptedopera¢nimi pamétovymi vykony a bez prikazu
1éze. I SSAH tedy miize byt rizikova pti kumulaci negativnich prognostickych faktort.

Lze tedy uzavfit, ze jen parcidlni destrukce cilovych meziotemporalnich struktur
nemusi V porovnani s mikrochirurgii znamenat horsi epileptologicky vysledek a mliZze pfinést
lepsi vysledek neurokognitivni, zejména u pacientil s plnou konkordanci prechirurgickych dat
(shodné¢ jednostranné IED, video-EEG zacatek zachvatu s korespondujici semiologii, MTS na

MRI, temporalni hypometabolizmus na PET a lateralizované neuropsychologické oslabeni).

D. Zavéry

Z rozboru vlastniho materialu i publikovanych metaanalyz plyne, ze
farmakorezistentni MTLE je nejcastéjsi chirurgicky feSenou epilepsii. Vysledky operaci jsou
u ni lepsi nez u loziskovych epilepsii jinych lokalizaci. Mikrochirurgie vSak neni spéSna

vzdy a neni prosta rizik a nezadoucich uc¢inku. Jako jeji alternativy ptichdzeji v ivahu metody

vvvvvv
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Z nasich dosavadnich zkuSenosti vyplyva, ze:
1. Radiochirurgické l1é¢ba:
a) Ma v porovnani s mikrochirurgii horsi dlouhodobé epileptologické vysledky.
b) Event. pozitivni efekt je ¢asové odlozeny a v ¢asné fazi po vykonu jsou pacienti
ohrozZeni radiotoxickou reakci se zvysSenim frekvence zachvatl a vznikem
nitrolebni hypertenze.
c) Stejn¢ jako u mikrochirurgie se mohou vyskytnout trvalé nezadouci uc¢inky
(napft. kognitivni a neurooftalmologické).
2. Stereotaktické radiofrekvencni termoléze:
a) Maji kratkodobé epileptologické vysledky srovnatelné s mikrochirurgii.
b) Lécbu pacienti snaseji dobie; komplikace jsou lehké a reverzibilni.
C) Ziejmé proto, ze nedochazi ke kompletni destrukci cilovych struktur, jsou
nezadouci vedlejsi u¢inky (napf. kognitivni) méné vyjadiené. Vzhledem
k minimalizaci kolateralniho poSkozeni jsou méné¢ Casté i jiné komplikace
(napf. neurooftalmologické).

Slabinou této prace je absence obrazki a peroperaénich fotografii v avodu. Budu se to
snazit napravit v dalsi praci na tomto tématu. Nedostatkem nasich publikovanych praci jsou
malé pocty lécenych pacientll. V ptipadé RS jsme detailnéji nezpracovali kognitivni ucinky
1écby. U SSAH je zase kratka doba sledovani. V naSem materialu dale chybi pfimé srovnani
epileptologickych a kognitivnich vysledkii mikrochirurgie a SSAH. Prace na tomto tématu
V soucasnosti probihaji.

U obou lécebnych metod by byly vhodné multicentrické studie na velkych skupinach
pacientll, v ptipad¢ RS ovSem s védomim velkého rizika netuspéchu a zavaznych nezadoucich
ucinkd.

Dale se prace zabyva jen strategiemi zaméfenymi na minimalizaci destrukce
selektivitou. Zde miize pomoci sofistikovangjsi diagnostika. I k této problematice se chci

pozd¢ji vratit.
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SUMMARY

Purpose: To determine the efficacy of gamma
knife radiosurgery in the treatment of mesial
temporal lobe epilepsy due to mesial temporal
sclerosis.

Methods: Between November 1995 and May 1999,
14 patients underwent radiosurgical ento-
rhinoamygdalohippocampectomy with a marginal
dose of 18, 20, or 25 Gy to the 50% isodose follow-
ing a standard preoperative epilepsy evaluation.
Results: One patient was classified as Engel Class
Ib, three were Engel Class llc, one was Engel Class
Illa, and two were Engel Class IVb in a subgroup of
seven patients who were unoperated 2 years prior
to the last visit and at least 8 years after irradiation
(average 116 months). The insufficient effect of
irradiation led us to perform epilepsy surgery on
another seven patients an average of 63.5 months
after radiosurgery. The average follow-up period
was 43.5 months after the operation. Four patients
are seizure-free; one is Engel Class IIb and one is
Engel Class Ild. One patient cannot be classified

due to the short period of follow-up. The frequency
of seizures tended to rise after irradiation in some
patients. Collateral edema was observed in nine
patients, which started earlier and was more fre-
quent in those irradiated with higher doses. Ithad a
marked expansive character in three cases and
clinical signs of intracranial hypertension were
present in three cases. We found partial upper lat-
eral quadrant anopia as a permanent side effect in
two patients. Repeated psychotic episodes (two
patients) and status epilepticus (two patients)
were also seen after treatment. No significant
memory changes occurred in the group as a whole.
Discussion: Radiosurgery with 25, 20, or 18-Gy
marginal dose levels did not lead to seizure control
in our patient series, although subsequent epilepsy
surgery could stop seizures. Higher doses were
associated with the risk of brain edema, intracra-
nial hypertension, and a temporary increase in
seizure frequency.

KEY WORDS: Mesial temporal lobe epilepsy,
Mesial temporal sclerosis, Radiosurgery, Gamma
knife, Epilepsy surgery.

Medical therapy is the mainstay for epilepsy, with most
patients well controlled on a single antiepileptic drug
(Brodie & Kwan, 2002). However, approximately 30% of
patients, especially those with partial epilepsy, are intrac-
table. For these patients, epilepsy surgery provides an
important therapeutic option. Mesial temporal lobe epi-
lepsy (MTLE) with mesial temporal sclerosis (MTS)
(Engel, 1996; Sadler, 2006) is the most surgically amena-
ble epilepsy diagnosis, and the results of epilepsy surgery
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are clearly superior to prolonged medical therapy (Wiebe
et al., 2001; Spencer et al., 2003) with a seizure-free out-
come in approximately 70% of cases (Mclntosh et al.,
2001; Wieser et al., 2003). Major complications are rare
but not negligible (Behrens et al., 1997; Rydenhag &
Silander, 2001; Jutila et al., 2002). Despite this high
success rate of resective epilepsy surgery, novel surgical
therapies for MTLE are being evaluated (Polkey, 2003;
McKhann, 2004) and radiosurgery poses an attractive
alternative in this respect.

The practice of using radiation to treat various types of
epilepsy dates back to the beginning of the twentieth cen-
tury (Tracy, 1905; Wieser, 1939-1940; Baudouin et al.,
1951). It has been shown that tumor-related epilepsy may
be controlled with whole brain irradiation or interstitial
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brachytherapy treatment (Szikla et al., 1981; Spencer
et al., 1984; Rossi et al., 1985; De Riu & Rocca, 1988;
Warnke et al., 1992; Rogers et al., 1993). Animal experi-
ments with stereotactic radiosurgery (SR) performed on
various models of neocortical (Barcia-Salorio et al., 1985;
Ronne-Engstrom et al., 1993) and hippocampal (Mori
et al., 2000) epilepsy were also encouraging. The concept
of SR (Leksell, 1951) and improvements in neuroimaging
techniques opened up a whole new range of possibilities.
In human medicine, SR has been reported to be successful
in the treatment of epilepsy caused by arteriovenous mal-
formations (AVMs) (Heikkinen et al., 1989; Yeh et al.,
1990; Lunsford et al., 1991; Steiner et al., 1992; Sutcliffe
et al., 1992; Hadjipanayis et al., 2001; Hoh et al., 2002)
and this effect may not be related to AVM obliteration
(Heikkinen et al., 1989). Other epileptogenic structural
lesions treated with SR have been cavernomas (Kida et al.,
1995; Bartolomei et al., 1999), gliomas (Schrottner et al.,
2002), and hypothalamic hamartomas (Régis et al., 2000a,
2000b; Unger et al., 2002; Nguyen et al., 2003; Barajas
et al., 2005). The first attempts at radiosurgical interven-
tions indicated for primarily epileptologic reasons were
performed by fractionated radiotherapy using a linear
accelerator (Heikkinen et al., 1992) and irradiation by a
cobalt irradiator (Barcia et al., 1994) with positive epilep-
tologic results reported. The excellent results reported
from the first patient to be treated with the Leksell Gamma
Knife (LGK) for MTLE (Régis et al., 1995) encouraged us
to use SR.

Data on radiosurgical treatment of MTLE are diverse.
Régis et al. (2000a, 2000b) have presented their series of
25 patients after SR for MTLE treated by 25 Gy to the
50% isodose, where they state that 81% of the 16 patients
they monitored for more than 2 years were seizure-free.
Seizures persisted for an average of 10.5 months (6-21)
for complex partial seizures (CPS) and 15.5 months
(9-22) for auras. In two patients, seizures stopped imme-
diately after SR. The authors concluded that SR had an
effect similar to that of microsurgery on MTLE. In a pro-
spective multicenter study, Régis et al.(2004) reported 20
patients (some of them had been included in the previous
group) of whom 65% were seizure-free at 2 years after
treatment. The latest article by the Marseilles group
(Bartolomei et al., 2008) provides information concerning
an 8-year follow-up of a group of 15 patients treated with
24 Gy to the 50% isodose line, nine of whom are seizure-
free (four Class IA, five Class IB). After SR 60% of
patients required corticosteroid treatment for mild symp-
toms of intracranial hypertension. Seizures recurred in
patients whose medication had been tapered or discontin-
ued. One patient with persistent seizures was rendered
seizure-free after standard anteromedial temporal lob-
ectomy. One patient died of sudden unexpected death in
epilepsy (SUDEP) during the first year after SR. This
group’s overall experience reportedly includes 53 radio-
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surgically treated patients with MTLE. The Marseilles
group see the advantage of this treatment not only in the
favorable epileptologic, but also the neuropsychological
outcome (Régis et al., 2008). A multicenter trial on SR in
MTLE is currently being conducted, and preliminary
results show that 85% of patients treated with 24 Gy to the
50% isodose line are seizure-free (Barbaro et al., 2009;
Quigg & Barbaro, 2008).

Other reports have been less enthusiastic. Kawai et al.
(2001) reported two patients who were not controlled by
SR with 18 Gy to the 50% isodose. Cmelak et al. (2001)
saw only a temporary benefit in their patient, in whom SR
with 15 Gy to the 57% isodose line was performed with a
linear accelerator (LINAC). Srikijvilaikul et al. (2004)
failed to control seizures in their series of five patients
treated with 20 Gy to the 50% isodose. Two patients died,
most likely as a consequence of seizures. The other three
patients had no benefit for at least 1.5 years after SR and
were rendered seizure-free after resective microsurgery.
Prayson and Yoder (2007) reported their experience with
four patients treated with LGK for MTLE with MTS. One
of their patients died 1 month after therapy, presumably
because of persistent seizure complications. The remain-
ing three patients underwent surgical resection for
persistent seizures at 18, 22, and 20 months, respectively,
post-LGK. Finally, Artiges et al. (2008) described in
abstract form a group of 11 patients with epilepsy second-
ary to mixed pathologies, 7 of whom had been treated for
MTLE/MTS with 20-25 Gy to the 50% isodose. None is
seizure free, but two experienced a dramatic decrease in
seizure frequency with a mean follow-up of 36.9 months
after treatment.

In this article we present our opinion regarding SR
derived from the long-term follow-up of our patients.

MATERIAL AND METHODOLOGY

We searched our database for patients who had been
treated with SR for definite MTLE with MTS and who had
been evaluated and followed in our center for a minimum
of 8 years. Patients harboring other morphologic lesions
and those who had been followed up elsewhere were
excluded. Our protocol for using SR for the treatment of
intractable MTLE and the design of present study were
approved by the hospital ethics committee.

Group characteristics

Between November 1995 and May 1999, we treated 21
patients with LGK SR for intractable MTLE. Three of these
were treated for vascular malformations (two AVMs and
one cavernoma) in the amygdalohippocampal complex. A
further four patients were diagnosed and followed up else-
where. These seven patients were excluded, and our study,
therefore, deals with 14 patients whose demographic data
and seizure characteristics are summarized in Table 1.
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Table I. Patient characteristics, neurologic and neuropsychological findings, electrodes used for
interictal EEG and ictal video-EEG, and MRI findings

Case DOB F/M  Riskfactors  ES(y) Seizuretype Neurolog. notes IQ MQ Interictal EEG Ictal V-EEG MRI
| 196 M MOdx,PMI8m 25 CPS PP, ILPTS 85 95 SE/SphE,SD  SE/SD MTS (THT)/R
2 1962 M FS,6 m 10 A, CPS CLPTS 96/88/110 86 SE/SphE, FOE SE/FOE MTS/L

3 1983 F DM,HC 1.5 CPS normal 102 110 SE SE MTS/R

4 1970 M FS, 1y 4 ACPS normal 75178174 70 SE/FOE SE/FOE MTS/R

5 1978 M FS, 18 m 10 CP,SGTCS normal 75/52/70 67 SE/FOE SE/FOE MTS/L

6 1969 F 12,GS,4m ? A,CPS,SGTCS normal 75174178 64 SE/FOE SE/FOE MTS/L

7 1966 F FS,2y 10 CPS,SG normal 96/104/87 96 SE/FOE SE/FOE MTS/L

8 1964 F FS,I5m 9 ACP,SGTCS normal 87/83/94 86/88/64 SE/FOE SE/FOE MTS/R

9 1969 F FS,8m 12 A,CPS,SGTCS CLPTS 84/77/99 99/102/93 SE/FOE,SD  SE/FOE,SD MTS/L
10 1946 M FS, I8 m 6 CPS balbuties 92/95/88 95/94/100 SE SE MTS/R
I 1958 M FS,3y 6 CPS normal 84/86/80 81/87/77 SE SE MTS/L

12 19499 F No 38 CPs depression, PNES 87/89/86 76/82/86 SE SE MTS/L

I3 1968 F FS, |12y 12 A CPS CLPTS 90/94/98 53/66/70 SE SE MTS/L
14 1951 F No 20 CPs CLPTS 95/95/95 92/93/93 SE SE MTS/L

clonic seizure; T HT, temporal lobe hypotrophy; y, year.

A, auras; CL PTS, contralateral pyramidal tract symptoms; CPS, complex partial seizures; DM, type | diabetes; DOB, date of birth;
ES, start of afebrile epileptic seizures, F, female; FOE, foramen ovale electrodes; FS, febrile seizure; GS, generalized seizures; HC,
hypoglycemic coma; IL, ipsilateral; IQ, intelligence quotient (full scale/verbal 1Q/visual IQ); L, left; M, male; m, month; MO dx, meso-
titis on the right; MQ, memory quotient; PM, purulent meningitis; PNES, psychogenic nonepileptic seizures; PP, precocious puberty;
R, right; SE, scalp 10-20 montage; SD, intracranial electrodes; SphE, sphenoidal electrodes; SGTCS, secondary generalized tonic—

The patient sample comprised eight women and six
men. The average age at the time of treatment was
33.4 years. Early risk factors were present in 12 patients.
These were mostly febrile seizures; one patient (Patient 1)
had a history of purulent meningitis and the other patient
(Patient 6) had experienced repeated afebrile generalized
seizures from an early age. No family history of epilepsy
was found. The daughter of one patient (Patient 12) had
experienced uncomplicated febrile seizures.

Epilepsy began at an average age of 10.9 years (2.5-38
years). All the patients had CPS, and auras appeared either
independently or at the beginning of the seizure in six of
them. CPS occasionally led to secondary generalization in
four patients. By the time SR was performed, the patients
had had epilepsy for an average of 23.2 years (9-46). We
excluded one patient (Patient 6) from this analysis, as we
were unable to confirm the precise beginning of auras and
CPS in early adulthood.

Preoperative workup

All patients maintained a seizure diary at least 3 months
before SR. Each patient underwent a routine presurgical
examination [neurologic and neuropsychological testing
including quality of life assessment, formal visual field
testing, repeated interictal electroencephalography
(EEG), scalp video-EEG study with ictal recording, mag-
netic resonance imaging (MRI) and intracarotid Amytal
test]. Data on the EEG, MRI, and neuropsychological
findings are shown in Table 1.

Neurologic findings were normal in seven patients.
Minor hemispheric symptoms corresponding to the

lateralization of the epileptogenic zone were present in
four patients (Patients 2, 9, 13, and 14). In one patient
(Patient 1) these symptoms were present ipsilaterally and
a history of precocious puberty was found. Video-EEG
also confirmed psychogenic nonepileptic seizures in addi-
tion to epileptic seizures in one patient (Patient 12). The
average full-scale IQ was 87.4 (range 75-102). Full-scale
memory quotient was 83.6 on average (53—110). No visual
field defects were identified before SR.

In addition to a standard scalp 10-20 electrode system,
sphenoidal electrodes were used for the interictal video-
EEG evaluation in two patients (Patients 1, 2). Foramen
ovale electrodes (FOEs) were inserted in seven patients
(Patients 2, 4-9) for ictal recording. In these patients the
diagnosis of MTLE could have been established on non-
invasively obtained data, and FOEs were used because this
was an inclusion criterion in a multicenter study (Régis
et al., 2004). The MRI study included a T;-weighted
three-dimensional (3D) acquisition, a tilted coronary
T,-weighted acquisition with a long second echo, and
fluid-attenuated inversion-recovery (FLAIR) sequences
(Kuzniecky & Jackson, 1995).

Unilateral MTLE was diagnosed in all patients except
one (Patient 9). In this patient, data obtained by noninva-
sive means, including an ictal scalp video-EEG recording,
were inconclusive as the ictal EEG pattern was bilateral.
The FOEs registered three seizures with onset on her left
and one seizure with right-sided onset. Therefore, an inva-
sive study was performed using a combination of depth
electrodes implanted along the long axis of the hippocam-
pus from the occipital approach, and strip corticographic
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electrodes inserted from the same burr holes and directed
to the temporal neocortex. This study confirmed MTLE
with a burned-out hippocampus on the left. A similar
electrode combination was also used in our Patient 1, as
temporal lobe atrophy found on MRI did not exclude
neocortical temporal lobe epilepsy. MTLE was, however,
confirmed by this study.

On completion of the diagnostic study, the therapeutic
options were explained to all entorhinoamygdalohippo-
campectomy candidates in detail, with SR mentioned as
one of these. If they approved, each of them signed an
informed consent form.

Radiosurgical treatment

The patients underwent SR targeted to the medial tem-
poral lobe (to the amygdala sparing the superior and
mesial part, to the head and anterior half of the body of hip-
pocampus, and to the anterior part of the parahippocampal
gyrus). The radiosurgical parameters for six of our patients
(Patients 2, 4-8) were the same as those described by
Régis et al. (1999a, 2000a, 2000b). In fact, these patients
were enrolled in the same multicenter study (Régis et al.,
2004). Prominent radiation-induced responses led us to
reduce the dose and volume in Patients 3 and 9-14. The
irradiated volume and the dose are shown in Table 2.

This table shows that the average irradiated volume for
the whole group was 6,764 mm®. In patients treated with
18-20 Gy, it was 6,388 mm> on average (ranging from
5,200 to 8,900), whereas in those irradiated with 25 Gy,
the average volume was 7,267 mm°> (6,600-7,700).

Follow-up

After SR, patients were monitored at 3-monthly inter-
vals. Their seizure calendars were checked and seizure fre-
quency per month was determined. We searched for any
side effects of the therapy. We used the Wilcoxon test to
analyze the difference in seizure frequency before and at
various intervals after irradiation [SPSS for Windows,
Release 10.1.0 (SPSS Inc., Chicago, IL, U.S.A.)]. Early
follow-up was limited to 39 months as that was the period
preceding the date our first patient was operated on. There-
after neurologic controls were planned at least once a year.

For MRI controls, we used tilted coronary T,-weighted
and native and postcontrast T -weighted sections. The
post-SR  control examination was scheduled after
6 months in approximately half of the patients (Patients 2
and 4-8), and at yearly intervals on the remainder. MRI
was performed more frequently on symptomatic patients.
We followed the changes in the target area and collateral
reactions, the time when they appeared, and the length of
their duration. MR spectroscopy examinations were
performed at least once per year for 3 years in the case of
six patients (Patients 2 and 4-8) (Hajek et al., 2003). For-
mal visual field testing was repeated on average 23 months
(18-27) after SR. Neuropsychological control testing was
performed at least 24 months (average 27 months) after
SR in 12 patients (Patient 10 refused to participate and
Patient 3 had psychosis at that time). We used the Wechs-
ler Adult Intelligence Scale-Revised, Wechsler Memory
Scale-Revised, Washington Psychosocial Inventory, and
Epilepsy Surgery Inventory-55 (ESI-55) tests.

Table 2. Radiosurgical parameters, follow-up, adverse effects, reoperations, and Engel scores

SR Volume Dose Mass Adverse
Case (mly) (mm’) (Gy) T2 Tlenh Edema effect ICH CS effects Reoperation  ES/39 FU(m) ES/LV
| XI/95 8900 20 +++(14) +++(14) +++(14) +(14) O 0 0 lla 138 llla
2 VI/96 7,700 25 +(6) +++(12) +(12) 0 0 0 0 Ma 131 llc
3 XI/96 7,300 20 +++(12) +++(12) ++(12) O ICH p.o. (6) P (VI11/2002) AHKE (11/2003) IVb  53/51 la
4 97 6,700 25  ++(12) ++(12) O 0 0 0. AHKE (V/2001) IVb  51/72 la
5 /97 7,400 25 +(6) +++(12) ++(12) O 0 0 0 la 123 llc
6 /97 7,600 25 +(12) +++(18) +++(I18) ++(18) ICH iv.(3) HQ 0 Ma 123 llc
7 IX/97 7,600 25 +++(9) ++(9) ++(9) ++(9) ICH iv.(3) HQ AHKE (VI1/2006) llla  105/11 la
8 XI1/97 6,600 25 +(12)  +(8) 0 0 0 0 AHKE (11/2001)  IVc  40/74 IIb
9 IV/98 5200 I8 +(15 +(22) +(22) O 0 P (1/2001), G,PNES AHKE (V/2008) IVb 109 SFU (la)
10 XI/98 5900 18 +(12) ++(24) ++(24) 0 0 0 0 IVb 102 IVb
Il XI/98 5700 I8 +(24) +(24 O 0 0 0 0 IVb 102 IVb
12 XIl/98 6,000 18 +(24) +(249 O 0 0 0 AHKE (X1/2005) llla  71/18 la
13 Vv/i99 6,100 18 +(12)  +(12) o0 0 0 0 AHKE (V1/2004) llla  61/35 Id
14 V/99 6,000 18 +++(20) +++(20) ++(20) O 0 0 0 Illa 96 Ib

Volume, irradiated volume; m, month; y, year.

+ to +++, intensity of symptoms (the numbers in brackets indicate numbers of months they occurred after irradiation); AHKE,
microsurgical entorhinoamygdalohippocampectomy; CS, corticosteroid therapy; Dose, dose of radiation to the 50% isodose;
ES/39, Engel score at 39 months; ES/LV, Engel score at last visit; FU, follow-up in months after SR (the fraction indicates the follow-
up status of operated patients, the numerator gives the length of follow-up prior to the operation, the denominator the follow-up
period after the operation); HQ, homonymous upper quadrant anopia; ICH, clinical signs of intracranial hypertension; i.v., intrave-
nously; P, psychosis; p.o., per os; SFU, short follow-up; SR, date of SR; T| enh, postcontrast enhancement; T2, T2 hyperintensity;
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RESULTS and operated. An average of 116 months (range 96-138

months) after SR no unoperated patient was seizure-free.

Seizure frequency One patient was Engel Class Ib, three were Engel Class
Long-term follow-up results are shown in Table 2. We 1Ilc, one was Engel Class Illa, and two were Engel
can divide our patients into two subgroups: unoperated Class IVb 2 years prior the last visit at least 8 years after
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irradiation in an unoperated subgroup. The Engel score
was Ila in one, Illa in four, and IVb in two of patients in
this subgroup 39 months after irradiation. We chose this
time point for analysis as that was the time our first patient
had been operated and it was, therefore, the longest time
interval after SR for which the whole group could be
scored. We can see that results have somewhat improved
after a longer follow-up period. Two patients (Patients 5
and 14) reported that they had not had seizures in the
3 months prior to their last control. But Patient 5 had
28-63 unpleasant auras and Patient 14 had 0-9 typical
epigastric auras per month.

Standard microsurgical navigated amygdalohippo-
campectomies (Wieser, 1986; Wurm et al., 2000) were
carried out on seven patients in our sample because of the
insufficient antiepileptic effect of the previous therapy
after repeated video-EEG ictal studies. In this subgroup
the effect of SR was poor. Thirty-nine months after treat-
ment Engel scores were Illa in three patients, VIb in three
patients and IVc in one patient. Operations were per-
formed on average 63.5 months (range 40-105) after SR
and the patients were followed-up for an average period of
43.5 months (range 11-74). Four of them have been
seizure-free for 11-72 months, one patient has rare posto-
perative seizures, and one has nondisabling nocturnal
seizures. We did not include Patient 9 in this analysis as
her follow-up is too short for the Engel classification. We
evaluated her at the time the revised article was submitted,
14 months after the operation. She has been seizure-free
since the operation despite the high frequency of her pre-
operative seizures and feels psychological improvements
in her anxiety disorder.

In relation to the development of the edema presented
below, data on the early development of seizure frequency
might be of interest. In the graphs below we have
attempted to graphically document trends in the early
development of seizure frequency in the group as a whole,
as well as in subgroups of patients irradiated with higher
and lower doses. The parameters are the average number
of seizures, which is the total number of seizures in a given
month divided by the number of patients in that particular
group.

We can see from the consolidated graph (Fig. 1A) that
the initial frequency of CPS showed a tendency to increase
at about 4-10 months after irradiation, after which it
decreased and continued to fall by 2 years following
irradiation. The frequency of auras partially followed this
trend. Between about the 12th and 19th months they again
tended to become more frequent. However, the overall
number of auras and CPS registered before irradiation was
practically the same as at the end of the 39-month follow-
up period, as their frequency began to rise again. The fre-
quency of secondary generalized seizures was low in our
group overall and we cannot draw any clear conclusions
from our findings. Fig. 1B illustrates the development of
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seizure frequency in a subgroup of patients who received
higher doses of radiation (Patients 2, 4-8). When com-
pared with the subsequent Fig. 1C, it shows that this
subgroup is particularly responsible for the previously
recorded increase of frequency of CPS following SR. This
trend was most marked in Patients 1, 2, 4, and 5. Fig. 1C
shows the results of the subgroup exposed to lower doses
of radiation. In this case, the initial increase in the fre-
quency of CPS has disappeared and the subsequent fall in
their frequency seems more prolonged. On the other hand,
this subgroup is probably responsible for the two-level
increase in the frequency of auras on Fig. 1A. Again, this
trend was not obvious in all patients and was most marked
in Patients 8 and 13.

Using the Wilcoxon signed rank test, we compared the
difference in average frequency of seizures during the per-
iod of 3 months before treatment and between the follow-
ing periods after the treatment (expressed in months after
the treatment): 7-9, 13-15, 25-27, and 37-39. We found
no significant difference in frequency for auras and sec-
ondary generalized seizures in any of the tested periods.
However, we did find a significant decrease in the fre-
quency of CPS between the 13th and 15th months and the
25th and 27th months (p = 0.023 and p = 0.001, respec-
tively). In the remaining periods (7-9, 37-39) no signifi-
cant difference was found (p = 0.637,p = 0.176).

The significant differences in CPS were further ana-
lyzed, and a significant reduction in the number of CPS
was found. Between the 13th and 15th months a reduc-
tion of 20% (p =0.019) and 30% (p = 0.048) and
between the 25th and 27th months a reduction of 40%
(p = 0.004) and 50% (p = 0.016) of the original value
were significant. In both cases (13-15, 25-27 months)
showing a reduction in CPS frequency we also tested
the influence played by the size of the applied dose (18—
20 Gy and 25 Gy). For that purpose the patients were
categorized into four subgroups—according to the
applied dose: lower (18-20 Gy) and higher (25 Gy) and
according to the reduction in the number of CPS (for
13—-15 a reduction of 30% and for 25-27 a reduction of
50%): yes and no. Each of the two periods were tested
respectively using the Fisher’s exact test (both one-tailed
and two-tailed), which indicated no relation between the
reduction in CPS frequency and the level of the applied
dose in our group of patients for these two particular
periods. The statistical analysis of the results we
obtained should only be taken as indicatory, given the
small size of the patient group studied.

No significant differences between performance on
neuropsychological testing (Preiss et al., 2003) before and
after SR were found. Average full scale IQ, verbal IQ, and
performance 1Q differences were —1.1 (ranging between
+8 and -9), —1.2 (+7 and —-8), and —1.2 (+6 and —13),
respectively. In memory testing, there were no significant
differences in memory testing registered in the whole
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group with an average memory quotient (MQ) difference
of +0.3 (+24 and —29). At the individual level these
changes were significant in four patients, being more than
one standard deviation (SD). Two scored better (Patients
12 and 14) and two worse (Patients 6 and 9). No statisti-
cally significant changes in the quality of life were
found. The adverse effects of the treatment are shown in
Table 2. Since the SR, two patients had experienced epi-
leptic status (Patients 6 and 13), one (Patient 7) had had
frequent hospital admissions due to seizure cumulation,
and two (9 and 12) had sustained repeated injuries during
their seizures.

Partial upper lateral quadrant anopia was observed on
the visual field testing in two patients (Patients 5 and 6),
probably as a permanent side effect of SR, although the
patients themselves did not register this. In two patients
(Patients 3 and 9), psychosis developed after SR and in
one patient (Patient 9), galactorrhea appeared.

During the operation, the neurosurgeon found atrophic
scarring in the area of the anterior hippocampus, the
amygdala, and chorioid plexus. Microscopic examination
revealed necrotic changes and anisomorphous gliotic tis-
sue with major perivascular deposits of hematogenous
pigments. The pathologist could not draw any further
conclusion as the material was partially damaged by
ultrasonic aspiration.

Magnetic resonance monitoring

We have analyzed the initial MRI symptoms, their
intensity and duration, the presence of edema and mass
effect, and accompanying clinical symptoms. We also

noted the need for antiedematic therapy and post-SR neu-
rologic morbidity. The results are also shown in Table 2.

T2 hyperintensity was registered on average
13.6 months after irradiation in all the patients. This
tended to develop earlier in patients who had received
higher doses, on average after 9.5 months, than in patients
irradiated with lower doses, where it was observed after an
average of 16.6 months. Postcontrast enhancement was
observed in all patients and the average delay was
15.9 months: 11.7 months for those receiving higher
doses, and 19 months for those irradiated with lower
doses. Collateral edema was registered in nine patients on
average 15.9 months after SR, again earlier and more fre-
quently in those patients who had been irradiated with
higher doses. Three of these (Patients 1, 6, and 7) had a
marked expansive character on MRI, and clinical symp-
toms of intracranial hypertension appeared in three
patients (Patients 3, 6, and 7). All those patients who had
been diagnosed with intracranial hypertension symptoms
were treated with corticoids over a period of 3—6 months
and two of them had to be hospitalized and treated with
intravenous corticoids. In Patient 1 the brain edema was
asymptomatic, presumably because of the temporal lobe
hypotrophy. Examples of the postirradiation changes have
been provided in Fig. 2A—C.

Using MR spectroscopy, the most significant changes
in spectra were observed approximately 1 year after irra-
diation, when an edema was observed in the irradiated
area and a strong lipid signal was identified. Later, edema
and lipid signals disappeared and follow-up was
characterized by a decrease in N-acetyl-aspartate (NAA),

(A) (B)

Figure 2.

(C)

An example of radiation-induced changes in patient |. No clinical signs of intracranial hypertension were present.
(A) Fourteen months after irradiation, a T,-weighted axial section shows a marked edema in the white matter of the
temporal lobe. (B) At the same time, a T,-weighted coronal scan shows postcontrast enhancement in the target
area. (C) Twenty-four months after irradiation in the same patient, there is nonhomogenous atrophy in the target
area.
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creatinine (Cr), and choline (Cho) concentrations in the
region of the brain ipsilateral to the irradiation (LCModel
calculation from voxel of interest 3.8—4.5 ml positioned in
the center of the target volume). The concentrations of
NAA, Cr, and Cho after SR were significantly different
from the control values (p < 0.05) as well as from concen-
trations in the contralateral part of the brain (p < 0.05). In
the contralateral amygdalohippocampal complex, the con-
centration of NAA was significantly increased (p < 0.05)
(NAA: before treatment 8.81, after treatment 11.33 mm).
No radiation-induced changes were observed outside the
target volume.

D1SCUSSION

The only article on the use and long-term results of SR
in the treatment of MTLE published to date (Bartolomei
et al., 2008) has given favorable epileptologic results. We
failed to demonstrate the comparable effect of SR on
microsurgical entorhinoamygdalohippocampectomy in
our patients treated with 25 Gy, 20, and 18 Gy to the 50%
isodose line during either short- or long-term follow-up.
These results are in accordance with some previously pub-
lished studies, which are based on a lower number of trea-
ted patients and shorter follow-up periods (Srikijvilaikul
et al., 2004; Prayson & Yoder, 2007; Artiges et al., 2008).
The principal objections to studies on SR in MTLE pub-
lished so far have included short delays between SR and
indications for microsurgical operations and the short fol-
low-up periods of irradiated patients. Our study provides
long-term observational data.

On long-term follow-up we did not find any of our
patients entirely seizure-free. This discrepancy from a
comparable study (Bartolomei et al., 2008) may be due to
various reasons:

(1) The dose could be too low and the volume could be
too small. The intensity of the radiation-induced symp-
toms and, in particular, the clinical symptomatology with
signs of intracranial hypertension led us to alter the irradi-
ation plan by reducing both the dose and the volume. This
undoubtedly explains why our results are poorer than
those reported in some previous studies. Current literature
shows that any effort to decrease the risk of intracranial
hypertension by decreasing the marginal dose could inter-
fere with the desired effect of abolishing seizures (Cmelak
etal., 2001; Kawai et al., 2001; Srikijvilaikul et al., 2004).
This fact might explain our failure in some patients trea-
ted with lower doses. It is possible that effective radiosur-
gical parameters should be individualized as our most
successfully treated patient (Patient 14) was irradiated
with the lower dose. On the other hand, the radiation dose
and volume were quite close to those used in Marseilles
study, even in our lower dose subgroup. Treatment
parameters were the same as in the study by Régis et al.
(2004) for our six patients (Patients 2, 4-8). Their dose at
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the 50% isodose was 20-25 Gy and the target volume
was 6,500 to 7,500 mm°>. In our higher-dose subgroup,
the average target volume was 7,267 mm°> (6,600-7,700)
and the dose to the 50% isodose was 25 Gy. Our worse
results in this subgroup could be explained by the more
severe and prolonged symptoms of intracranial hyperten-
sion in some patients.

(2) The selection of patients may have been wrong. The
lengthy duration of the epilepsy and abnormal neurologic
findings in some of our patients may indicate that their
brain damage was more widespread and might even have
affected extramesiotemporal structures. We do not believe
this to be the case, since we did experience immediate epi-
leptologic improvement after microsurgery in our oper-
ated patients. The indication of SR could be questioned in
one patient, as Patient 9 could be bilateral, but she is sei-
zure-free after left-sided microsurgical entorhinoamygd-
alohippocampectomy (AHKE).

(3) Another reason for the discrepancy in the results
might reside in the different standards used to evaluate
patients’ epileptologic condition after treatment. For
example, in a recent paper Rheims et al. (2008) the authors
claim that 46.7% of their 15 patients benefited from SR.
However, not all patients were mesiotemporal and only
one of them is entirely seizure-free (Engel Class Ia).

In our opinion, this evaluation should be the same as
the system used to score a patient’s condition after
invasive epileptosurgical procedures, in other words
2 years after surgery. We reviewed reports from six of
our patients who were included in the multicenter study
(Régis et al., 2004), of which two should have been
seizure-free according to the article indicating the suc-
cess of our center (33%). Because this evaluation is
performed 24 months after the procedure, it was obvi-
ously not possibly to comply with these criteria. We
assume that a different method was used for the multi-
center study, but the article does not explicitly describe
the exact scoring method. In our study, Patient 6 had
been seizure-free for 6 months when checked 2 years
after radiosurgery. However, Patient 2 was seizure-free
from the 13th to the 18th month, but seizures returned
during the last 6 months prior to the 2-year follow-up
after SR. We were unable to find any other patient in
our records who was seizure-free in the final 6 months
prior to the 2-year control after irradiation. However,
the study by Bartolomei et al. (2008) clearly states that
the nonseizure period is assumed to be the final
6 months leading up to the last check-up, and requires
that the patient’s condition be stable for at least
2 years. Different methods of evaluating the results are,
therefore, not the deciding factor. However, this work
does show that of the 15 patients treated, 60% were
Engel Class I, but only four patients were classified as
Class Ia. Therefore, only around 27% were completely
seizure-free.
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(4) The differences in the results obtained may also be
due to the low numbers of cases included in the different
studies.

During short-term follow-up we recorded the following
results, which are in agreement with the experiences pub-
lished in the literature to date (Régis et al., 1999b, 2000a,
2000b; Hoggard et al., 2008).

(1) The group as a whole and the majority of patients
experienced a decline in seizure frequency by the end of
the 2-year follow-up period as compared to the period
immediately preceding irradiation. However, the seizure
reduction generally corresponded to the appearance of
MRI atrophic changes, was delayed by months, and some
patients receiving a higher radiation dose underwent a per-
iod of substantial increase in seizure frequency, which
correlated with the period when the radiation-induced
reaction appeared.

(2) Following SR collateral enhancement, edema and
T2 hyperintensity were found within the irradiated volume
as well as collateral edema of temporal lobe white matter.
Radiation-induced MRI changes were associated with
transient increase in seizure frequency. In three patients,
symptoms of intracranial hypertension developed and we
had to introduce corticoids. These symptoms corresponded
to the intensity of radiation-induced changes on MRI. For
this reason, we reduced the dose and the irradiated volume
in patients treated later. This delayed and slightly reduced
the radiation-induced reaction. MRI changes resolved in a
predictable time-frame and in no patient was acute resec-
tion necessary. Long-term MRI monitoring shows pro-
gressive nonhomogenous atrophy in the target area,
corresponding to MR spectroscopic findings.

A delayed seizure cessation after SR is expected and
can occur as late as 28 months after treatment. Whether
irradiated patients are at a higher risk of sudden unex-
plained death during this period is not clear (Srikijvilai-
kul et al., 2004), but this possibility cannot be excluded
(Sperling et al., 1999). In any event, delayed response
presents a major disadvantage in comparison with
microsurgery. No deaths have been reported due to
intracranial hypertension in any study so far. Experi-
ence of protracted intracranial hypertension, associated
with a temporary deterioration in their cognitive func-
tion and the need for hospitalization (Patients 5 and 6)
and a failure to respond to medication, accompanied by
a temporary increase in the frequency of seizures led
some patients in our group to refuse open surgery due
to a lack of confidence in more invasive epileptologic
procedures.

The cognitive results obtained by neuropsycholo-
gical testing in our group are stable with a few
exceptions in both directions and we cannot draw any
definite conclusion in this respect. It is of interest
that a worse neuropsychological outcome was found
in patients irradiated with higher doses. Only limited

data have been published on neuropsychological
results after SR in MTLE.

Régis et al. (2000a, 2000b, 2004) did not find any
worsening in neuropsychological testing after SR. Srikij-
vilaikul et al. (2004) have reported no significant mem-
ory decline at a group level 6 months after SR. But they
found significant declines in specific cognitive domains
in three of four of their patients. On the other hand, their
testing was performed too early and no results are avail-
able in this group 2 years after SR. McDonald et al.
(2004) reported significant decline in long delay verbal
memory in three patients after SR for left-sided MTLE.
However, the results were obtained at a time when mild
edema persisted on MRIL

Quadrant anopia is a well-known side-effect of ento-
rhinoamygdalohippocampectomy and its occurrence has
also been reported in radiosurgically treated patients
(Régis et al., 2000a, 2000b, 2004). We had two such com-
plications in our group. It is noteworthy that visual field
defects developed in both patients with clinical signs of
intracranial hypertension. Our Patient 9, who developed
galactorrhea, is an interesting case. This was possibly an
effect of radiation outside the target area. Two of our
patients developed psychosis. In one of them (Patient 3),
it continued to persist after successful microsurgical
entorhinoamygdalohippocampectomy. There is as yet no
mention in the literature of the risk of psychotic and
epileptic status developments after SR, and the small
numbers of patients in our study do not enable us to
express an opinion regarding this risk. However, the
occurrence of quadrant anopia in our cohort shows that SR
is not entirely without risk of the possible development of
neurologic deficits.

A further argument against the use of SR in the treat-
ment of MTLE is the recurrence of seizures that has been
described during antiepileptic drug tapering (Bartolomei
et al., 2008). Of our group, antiepileptic medication was
maintained for all of the nonoperated patients, whereas
medication has been discontinued for two of our operated
patients. The transient increase in seizure frequency
accompanied by the risk of epileptic status development
and the risk of intracranial edema with the need for hospi-
talization and intensive antiepileptic and antiedematic
treatment also provoke questions regarding the economic
effectiveness of this treatment.

CONCLUSION

SR did not lead to seizure control in our group of
patients; it led to transient seizure worsening in some of
them and was associated with the risk of brain edema and
intracranial hypertension. SR for MTLE does not exclude
the possibility of a later epileptosurgical intervention.

We cannot regard the question of radiosurgical treat-
ment of intractable MTLE as closed.

Epilepsia, 50(9):2061-2071, 2009
doi: 10.1111/§.1528-1167.2009.02071.x
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Further work is clearly needed and a prospective multi-
center trial that is under way will help clarify its role.
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Kognitivni a psychosociilni zmény po radiochirurgii
farmakorezistentni meziotemporalni epilepsie gama
nozem

Preiss J., Vojtéch Z., Vladyka V.!

Neurologické oddéleni Nemocnice Na Homolce, Praha
Oddélent stereotaktické a radiaéni neurochirurgie Nemocnice Na Homolce, Praha

Souhrn

13 nemocnych farmakorezistentni meziotemporalni epilepsii (7 Zen a 6 muzi, pramérny vék v dobé
ozateni 34,9 let) bylo 1é¢eno ozdi'enim amygdalohipokampalniho komplexu (9krit vlevo, 4kriat vpravo)
gama nozem. Pacienti byli vySetieni neuropsychologickou baterii pred ozaienim a v priméru 27 mésict
po ném. Jeden pacient je zcela bez zachvati, 2 beze zmény, u 10 doslo ke snizeni frekvence zachvatt
razného stupné. Jsou hodnoceny zmény intelektové vykonnosti (WAIS-R), paméti (WMS-R nebo WMS),
subjektivniho posouzeni paméti, socidlniho statutu a psychosocialnich charakteristik (dotazniky SU-
POS, WPSI) véetné kvality zivota (dotazniky DSF, ESI-55, QOLIE-89). V priméru nedoslo k podstatnym
rozdiliim. U 4 pacientt vSak byly znaéné pooperaéni pamétové zmény, jejich pamétové kvocienty (MQ)
jsou zménény vice nez o 15 bodu, tj. vice nez o jednu standardni odchylku, pii¢emz u dvou je zména ve
sméru ke zlepSeni, u dvou ke zhorSeni. Podstatné p¥ibylo invalidnich diichodu (pied operaci 3, po
operaci 10). Soubor bude dal prospektivné sledovany.

Kliéova slova: gama naz, radiochirurgie, amygdalohipokampektomie, mezidlni temporalni epilepsie,
neuropsychologie, kognitivni schopnosti, psychosocialni vysledky, kvalita zivota

Summary

Preiss J., Vojtéch Z., Vladyka V.: Cognitive and Psychosocial Changes after the Radio-
surgical Treatment with Gamma Knife of the Intractable Mesial Temporal Epilepsy

13 patients with intractable mesial temporal lobe epilepsy (7 women and 6 men, average age at
neurosurgery was 34.9 years) underwent radiosurgical amygdalohippocampectomy with gamma knife
(9 times at the left side, 4 times at the right side). Patients were examined using the neuropsychological
battery before the radiosurgery and in average 27 months after it. The one patient has had no seizures,
two has not changed, and in 10 of them the frequency of seizures decreased with different degree.
Intellectual performance (WAIS-R), memory (WMS-R or WMS), subjective memory evaluation, social
status, and psychosocial characteristics (questionnaire SUPOS, WPSI) including quality of life asses-
sment (questionnaire DSF, ESI-55, QOLIE-89) were examined. No major differences among the patients
were found. Four of them had significant changes in memory; their memory quotient (MQ) was changed
for more than 15 points, which is more than one standard deviation. In two patients the change
represented improvement, in two of them injury. Retirement for invalidity became more frequent (3
before surgery, 10 after it). The group of patients will be furthers followed up.

Key words: gamma knife, radiosurgery, amygdalohippocampectomy, mesial temporal lobe epilepsy,
neuropsychology, cognitive abilities, psychosocial outcomes, quality of life

Uvod

ty resekéniho epileptochirurgického vykonu, ktery

muze epilepsii u znaéné ¢asti z nich vylééit (1).
Epileptochirurgickd 1ééba v8ak neni prosta chirur-

Ptes rozvoj moderni farmakoterapie epilepsie stéle
podstatnd ¢ast nemocnych nereaguje na medikamen-
tézni 1écbu vymizenim zachvatt. Jde vétSinou o pa-
cienty, ktefi trpi epilepsiemi loZziskovymi. Pokrok do-
sazeny zejména na poli neurozobrazovacich
a elektrofyziologickych vySetiovacich metod umoziiu-
je v soufasnosti lokalizovat epileptogenni zénu

2 vz

u znacné ¢asti z nich. Tito nemocni jsou pak kandida-

gickych, obecné medicinskych, neurologickych a neu-
ropsychologickych rizik. Navic jde o terapii zna¢éng
nakladnou. Proto jsou hleddny méné invazivni a eko-
nez neurochirurgickym zptisobem. Po zjisténi anti-
epileptického efektu radiochirurgie v animélnich ex-
perimentech a pii 1é¢bé intrakranidlnich 1ézi je jako
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jedna ze slibnych alternativ klasické epileptochirur-
gie zvaZovdna u vybranych pacientt radiochirurgie.
V soudasnosti jde o metodu, jejiz samotné indikace
a technické provedeni se vyvijeji. Dosud publikované
prace (2—4) se soustieduji spiSe na hodnoceni radio-
chirurgie z hlediska epileptologického a vysledky
neuropsychologického sledovani vesmés nepiindseji.

P#i posuzovani jak antiepileptické déinnosti, tak
kognitivnich dtisledkt radiochirurgické 1écby epilep-
sie je nutno prihliZet ke specifiktim této lé¢ebné me-
tody. Pfedevsim jeji u¢inek nenastupuje bezprostied-
né po ozafeni, at se jedné o zmény morfologické nebo
funkéni, jejichZ souéasti je i efekt 16éebny. Morfologic-
ké zmény nejsou bezprostiedné po iradiaci na magne-
tické rezonanci (MRI) patrné, ale nastupuji a vyvijeji
se v Fadu mésict. V dosud publikovanych sestavach
radiochirurgicky lé¢enych meziotemporalnich epilep-
sif (MTLE) je pozorovén enhancement na 50% izodd-
ze, otok a T2 hyperintenzita uvnit¥ ozdfeného objemu
a otok mimo tento objem postihujici hlavné bilou hmo-
tu temporélniho laloku, ale nékdy téZ diencefalon,
pramérné 10 mésich po ozdfeni. Vyraznéjsi radioto-
xicka reakce vyvolava prechodné zhorseni klinického
stavu se zvySenim frekvence zachvatd a u menSiny
pacientd mohou byt p¥itomny i subjektivni a objektiv-
ni zndmky nitrolebni hypertenze, obvykle velmi dobie
reagujici na kortikoterapii. P¥itom nepodstatné sni-
7eni davky (z 25 Gy na 20 ¢ 18 Gy) a zmenSeni
ozafovaného objemu radiotoxickou reakci odd4li a po-
nékud snizi jeji intenzitu, ztistdva vSak stédle radio-
nekrotickd. Soubézné s témito zménami morfologic-
kymi se vyviji hypometabolismus hipokampélni, ale
jesté vice temporopoldrni a v piedni ¢dsti temporalni-
ho laterdlniho neokortexu. Frekvence komplexnich
parcidlnich zdchvatd ma tendenci stoupat mezi 4.
a 10. mésicem po ozafeni a potom klesd do dvou let
po ozaieni asi na étvrtinu ptivodni frekvence. Nastava
tedy redukce zdachvatt az po latenci, ktera odpovida
regresi radiotoxickych p¥iznaka zjistitelnych MRI
(median latence 12 mésict), coZ je analogické s radio-
biologickou odpovédi u benignich intrakranidlnich
16zi. Dlouhodobé MRI sledovani ukazuje progresivni
nehomogenni atrofii cilové oblasti. Jako trvaly vedlej-
§{ Wéinek ozafeni se miiZe objevit u mensiny nemoc-
nych parcidlni horni zevni kvadrantoanopie.

Cilem jakékoli 1é¢by epilepsie je zlepSeni kvality
zivota. Obecné se soudi, Ze tohoto cile 1ze dosdhnout
zlepSenim epilepsie, nejlépe dplnym odstranénim za-
chvatfi. Predpoklad, Ze vymizeni zdchvatt bude zlep-
genfm kvality Zivota ndsledovdno automaticky v3ak
mtize byt mylny. P¥i téchto ivahach musi byt zvaZzo-
véan zisk ze zlepS8ené kontroly zachvatt proti moZné-
mu riziku zhorseni kognitivnich schopnosti, vliv sou-
hry téchto faktord na emoéni stav a celkovou
vykonnost nemocného a jejich zprostiedkovany dopad
na stranku socidlni, naptiklad zaméstnanost. Ze zku-
Senosti s klasickou epileptochirurgii na druhé strané
vyplyva, Ze asi u 80 % operovanych se vyznamné zlep-

& kvalita Zivota, a to i pokud nejsou zcela bez zachva-
td. Neuropsychologie zaujimé vyznamné misto v pre-
chirurgické diagnostice i pooperaénim sledovani (5,
6). Predoperaéni vySetfeni piedevsim poskytuje ba-
zalni droveti, s kterou mohou byt provddéna pozdé&jsi
srovnéani. V kombinaci s Wadovym testem (7) mtze
také pomoci p¥i posouzeni lateralizace a lokalizace
epileptogenni zény a k predikei postoperacniho stavu,
a to jak vzhledem k zachvatum, tak kognitivni vykon-
nosti a psychosocidlni adaptaci.

Cilem préce je shrnout zkuSenosti z pfedoperac¢nich
a pooperaénich neuropsychologickych vySetreni
u souboru pacientli ozdfenych v nasem dstavu od lis-
topadu 1995 do kvétna 1999 na gama nozi pro MTLE
a déle sledovanych na nasem pracovisti. Cilem neni
ani posuzovat misto radiochirurgie v kontextu ostat-
nich 1ééebnych modalit v 1ééb& farmakorezistentnich
epilepsii, ani detailn&jsi rozbor klinického pribéhu
a epileptologickych vysledki & prezentace funkénich
a morfologickych neurozobrazovacich vySetfeni. To
bylo predmétem ptredchdzejiciho sdélent (8).

Na zdkladsé literatury a pFedchozich vlastnich zku-
Senosti jsme vychdzeli ze dvou hypotéz, které prace
méla ovétit: 1. po radiochirugii, vzhledem k relativné
malému zdsahu, nedojde k podstatnéjsimu sniZeni
kognitivnich schopnosti pacientd. (Je zndmo, Zze AH
komplex ma tzky vztah k paméti, zejména dominant-
ni hemisféry, je nap¥. jednim z generatord viny P3-
kognitivniho evokovaného potencidlu). 2. Kvalita Zi-
vota bude zaviset na dopadu radiochirurgického
zakroku na pooperaéni frekvenci zdchvatt, predevsim
na tom, zda dojde k dplnému vymizeni zdchvata.

Material a metodika

Material

Zékladni charakteristiky pacientii, vysledky radiochirurgie
a nédsledné zmény socidlniho statutu shrnuje tabulka 1.

Soubor se skldd4 ze 7 Zen a 6 muzl. Zacédtek epilepsie byl
primérné v 11,6 letech, u Zen v 16,9 letech (9-38), u muzi v 6,4
letech (2,5-10). Na poéateéni neurologicky inzult navazoval
v piipadech, kde se jej podatilo zjistit, volny interval pramérné
6,8 let (1-11).V8ichni pacienti souboru trpéli komplexnimi par-
cidlnimi zachvaty, 6 z nich uddvalo auru samostatné ¢i v poc4t-
ku zachvatu a u 4 z nich dochézelo k ¥idké sekundarni genera-
lizaci. Jedna nemocnd méla ¥idkou sekunddrni generalizaci
komplexnich parcidlnich zdchvatd bez aury. Trvani epilepsie
v dobé ozaieni bylo primérné 23,9 let, u Zen 20 let (11-28),
u muzt 27,8 let (9-46).

Vsichni pacienti prosli rutinnim vy8etfovacim postupem pro-
vadénym na nafem pracovi$ti u MTLE (neurologické a neuro-
psychologické vySetieni, opakované interiktdlni EEG, skalpova
video-EEG studie se zachycenim iktdlniho zdznamu, Wada
test). Anamnestické tdaje tykajici se klinického neurologického
nélezu, vysledkt MR mozku a antiepileptické medikace jsme
podrobné uvedli jinde (8), proto je zde neopakujeme. Ve sledo-
vaném obdobi nedochézelo k podstatnéj$im zménam medikace.

Pramérny vék v dobé ozaieni byl 34,9 let, u Zen 35,4 let (meze
27-48), u muzii 34,3 let (19-52). 2 muzi nebyli vyuceni. Vyuce-
nych bylo 8, s maturitou 3 nemocni. Celkem 6 pacientt bylo
svobodnych, 4 muZi a 2 Zeny (z toho 3 pacienti do véku 29 let, 3
ve véku 30 let a vySe). Vdané & Zenati byly 4 osoby (2 muzi, 2
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Tab. 1. Zékladni charakteristiky souboru, vysledky radiochirurgie a zmény socidlniho statutu po operaci.

Pac. Rok Pohlavi Zag. Lateralita® Datum Vysledek Socialni
gD narozeni 72 epi.3) SRY SRY status”)

1. 1961 M 2,51, P X1/95 2 Z—-7Z

2. 1962 M 10r. L V1/96 2 Z — PID

3. 1970 M 4r. P 11/97 2 Z — CID, pracuje

4. 1978 M 10r. L 11/97 2 NZ — PID

5. 1969 A 4m. L 11/97 2 7 — CID, pracuje

6. 1966 4 10r. L IX/97 2 NZ — CID, pracuje

7. 1964 Z 9r. P X1/97 2 MD — PID

8. 1969 7 12r. L (viceloz.) IV/98 2 MD — CID, pomah4

9, 1946 M 6r. P X1/98 3 CID, nepracuje — CID, nepracuje
10. 1958 M 6r. L X1/98 5 PID — PID
11. 1949 Z 38r. L X11/98 4 PID — PID
12. 1968 Z 12r. L V/98 5 Z—1Z
13. 1951 Z 20r. L | IX/99 1 Z—7

Vysvétlivky: 1)pac
zachvaty), r = rok m = maésic;
radlochlrurg1e
zéchvatl, 5 = nezménén/a;
MD = materska dovolen4d

YLP =

Zeny), rozvedené byly 3 Zeny. V dobé p¥ed ozaienim bylo 6
pacientt zaméstnanych, 2 méli plny invalidni déichod, 1 é4steé-
ny invalidni diichod, 2 byli nezaméstnani a 2 ¥eny byly na
matefské dovolené.

Anamnesticky mély ambulantni kontakt s psychiatrii dvé
pacientky, z toho jedna pouze v pubert&. U druhé &lo o dlouho-
dobou ambulantni 1é¢bu, v poslednich letech spiSe o podptrnou
psychoterapii. Jeden pacient byl v dobé&, kdy dochazel do 8.
nebo 9. tiidy zdkladni &koly, hospitalizovan po vdZném sebe-
vrazedném pokusu, dalsi lé¢ba ddajné nebyla. Suicid4lni ten-
dence: dvé pacientky na dotaz voli odpovéd ,uvazovala o dobro-
volné smrti“, jeden pacient p¥izndval, Z%e se pokusil
o sebevrazdu, ostatni voli odpovéd ,nepiichdz{ v ivahu®.

Metodika

Vybér neuropsychologickych zkousek vychazel ze zdasad, kte-
ré jsme shrnuli d¥ive (9). VySetfeni by mé&lo zhodnotit lateralitu,
osobnost a psychosocidlni charakteristiky, kognitivni vykon-
nost s dlirazem na posouzeni paméti a specialni neuropsycholo-
gické charakteristiky, pfedevsim ve vztahu k lokalizaci a typu
léze. Snazili jsme se vySet¥it viechny nemocné pied i po ozdfeni
neuropsychologickou baterii, ze které pro tuto préaci uvadime jen
nékteré metody.

Posouzeni kognitivnich funkci

— Wechslerova intelektova $kéla pro dospélé (WAIS-R-10).

— Wechslerova pamétova skala (WMS-11) poskytujici pamé-
tovy kvocient MQ, nebo

— Wechslerova pamétova skéla revidovana (Wechsler Memo-
ry Scale-Revised — WMS-R-12), poskytujici celkovy pamétovy
kvocient a kvocienty verbalni paméti, vizudlni/neverbélni pa-
méti, pozornosti/koncentrace a odddleného vybaveni.

— Skala aktudlni paméti (13), poskytujici subjektivni sebepo-
souzeni pamétové vykonnosti (zapomindni a zapamatovani).

Posouzeni osobnosti a psychosocidlni problematiky

— SUPOS-7 (Subjektivni pocity a stavy) je sebeposuzovaci
dotaznik obvyklych psychickych stavi, obsahuje 7 8k4l, a to P
— vnitini psychickd pohoda, pocit spokojenosti, A — éinorodost,
aktivita, O —impulzivni reaktivita, odreagovani se, N — psychic-

= pofadf ozéien{ pacienta; 27/M = zena/muz; 3zag. epi. = zacdtek epilepsie (tedy ne febrilni & symptomatické
vlevo/vpravo (lateralita postizeného AHK a strana ozateni);
1= bez zéchvatu, 2 = vice nez 80% redukce zachvata, 3 = - 50—-80% redukce zachvatt, 4 = méné nez 50% redukce
)7 = zamestnan(a) PID = plny invalid. dtchod, CID_castecny invalidni duchod NZ = nezaméstnany/4,

SR = stereotaktické

ky nepokoj, rozlada, D — psychické deprese a pocity vyéerpani,
U — uzkostné oéekdvani, obavy, S — skli¢enost) (14).

— SUPOS-z, posuzovaci §kala k méieni zmén v obvyklych
psychickych stavech (14).

— DSF, Dotaznik spokojenosti a frustrace (15), skladé se z 24
polozek, rozdil mezi vysledky posouzeni stupné duleZitosti
a spokojenosti uréuje stupen frustrace.

— WPSI, Washingtonsky psychosocidlni dotaznik pro zdchva-
tovd onemocnéni (16). M4 132 polozek, 10 klinickych §kél a 3
kontrolni 8kdly k ovéfeni validity odpovédi.

— ESI-55 (Epilepsy Surgery Inventory-17) je sebeposuzovaci
dotaznik pro operace epilepsie o 55 otdzkdch, ze kterych se
odvozuji hodnoty pro 11 dimenzi a tii sloZené 8kdly, popiipadé
téz sumdarni skére.

— QOLIE-89, Quality of Life in Epilepsy (18), obsahuje 89
poloZek a 17 §kal, psychometrické ovéieni deské verze pripra-
vujeme k publikaci.

Vzhledem k zaméFeni prace neuvadime zde vysledky pokud
jde o testovani laterality, fadu neuropsychologickych metod
tvoticich Halstead-Reitan Neuropsychological Battery ani vy-
sledky Wadova testu (n&které byly referovany jinde — 7). Vzhle-
dem k malému poétu osob jsou prezentovany jen zdkladni sta-
tistické deskripce a provedeny vypodty vyznamnosti zmén podle
t-testu pro zavislé soubory a podle neparametrickych metod
(sign-test a medidnovy test).

Vysledky

Vsech 13 pacientt absolvovalo predoperaéni neuro-
psychologické vySetteni. V praméru 27 mésicti po oza-
feni bylo provedeno kontrolni pooperaéni neuropsy-
chologické vySetifeni, které vsak jeden nemocny
(pacient &. 9) odmitl podstoupit. Porovnéni intelektové
a pamétové piedoperaéni a pooperaéni vykonnosti
bylo tedy mozné podstoupit u 12 pacientti. Porovnén{
psychosocidlni problematiky podle osobnostnich me-
tod bylo mozné uskuteénit pouze u 11 nemocnych.
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Vysvétlivky: Deelkovy inteligenéni kvocient; 2)yerbalni inteligenéni kvocient;

Jpamétovy kvocient (plati i pro tab. 3).

(Jedna pacientka sice provedla vétsi ¢ast kontrolniho
pooperaéniho posouzeni kognitivni vykonnosti, ale
odmitla ddle pokracovat v metodach posuzujicich psy-
chosocidlni oblast). U v8ech 13 nemocnych byly k dis-
pozici ddaje o jejich pooperaéni socidlni situaci a bylo
u nich mozZné posoudit zmény v oblasti zaméstnéni,
invalidnich dtchodd, rodiny a kontaktt s psychiatrii.

Kognitivni vykonnost

Srovnani primérnych hodnot v intelektovych a pa-
métovych zkouskéch pted a po iradiaci shrnuje tabul-
ka 2, zadné rozdily nejsou statisticky vyznamné. Di-
ference mezi hodnotami pted operaci a po ozédfeni
u jednotlivych pacienttd shrnuje tabulka 3.

Intelektové vykony

Nebyly prokazany statisticky vyznamné rozdily
v prumérnych hodnotédch pied a po iradiaci. U dva-
ndcti osob, u kterych jsou hodnoty jak pted, tak po
zakroku, u celkového 1Q diference byly v praméru
-1,1 (vrozpéti od +8 k -9), u verbdlniho VIQ v praméru
-1,2 (v rozpéti od +7 k -8), u performaéniho (neverbal-
niho, ndzorového) PIQ v praméru -1,2 (v rozpéti od +6
k -13).

Pamétové vykony

Nebyly zjistény zadné statisticky vyznamné rozdily
v prumeérnych hodnotéach. U dvanécti osob, u kterych
jsou udaje pied a po zdkroku, diference ve velikosti
pamétového kvocientu MQ byla prtimeérné plus 0,3
bodu MQ (a sahala od +24 az k -29). Tedy u 4 ze 12
pacientd, u kterych jsou vysledky jak piedoperaé¢ni,
tak pooperaéni, do§lo k znaénym zménam, jejich pa-
métové kvocienty (MQ) jsou zménény vice neZ o 15
bodt, tj. vice nez o jednu standardni odchylku, p¥i-
¢emz u dvou je zména ve sméru k zlepSeni, u dvou
k zhorseni (+24 a +22 bodt, respektive o -20 a -29
bodi MQ). Nelze je vysvétlit jako zmény v ramci
nahodného kolisani nebo statistické chyby méfeni.
Oboje vyZaduje dalsi sledovani.

Subjektivni posouzeni paméti podle Skély aktualni
paméti bylo mozné srovnat pouze u 8 osob, rozdily
nebyly vyznamné, trend byl spiSe k méné stiZznostem

VVVVVV

Tab. 2. Primérné kognitivni vykonnost ve zkouskdach WAIS-R a WMS-R (nebo WMS),
srovnéni pred a po radiochirurgii (n = 12).
Parametr Pted operaci Po operaci Vyznamnost
Primér +sd Rozpéti Primér + sd Rozpéti
CIQl) 85,8+ 7,8 75— 96 84,7+ 9,0 73 -100 n. s.
VIQ2) 86,6+ 8,4 74 - 104 85,4+10,2 74 - 102 n. s.
PIQ® 87,5+11,2 70-110 86,3+10,9 71111 n. s.
MQ¥ 80,0+14,0 58 — 104 80,3+11,8 65— 106 n.s.
3)

performaéni (neverbdlni) intelektovy kvocient;

pamétové vykonnosti, hodnoty pro zapomindni pted
operaci byly 104,9 (SD + 24,6) a pro zapamatovani
74,4 (SD + 12,8), po operaci 96,5 (SD * 19,5) a 65,3
(SD = 14,5).

Psychosocidlni adaptace a kvalita zivota

Validita odpovédi fady pacientid byla pravdépodob-
né snizend. Podle validiza¢nich §kdl obsazenych v me-
todé WPSI validné odpovidalo 6, nevalidné 7 pacientt.
Jeden pacient odmitl provést dokonce i pied ozdfenim
vétsinu osobnostnich metod a po ném odmitl provést
cokoliv, véetné kognitivnich a specialnich neuropsy-
chologickych metod.

SUPOS-z

Jestlize nemocni méli sami porovnat, jak se 1isi
jejich subjektivni pocity pted a po iradiaci, vychdzeji
pramérné hodnoty pro cely soubor 11 osob p¥iznivé,

Vv

tj. jako vySsi psychickd pohoda, vy$si aktivita, nizsi

Tab. 3. Diference mezi vykony v kognitivnich zkougkach
WAIS-R a WMS-R (nebo WMS)
podle jednotlivych pacienti pfed a po radiochirurgii.
Pacient Diference | Diference | Diference | Diference
CIQD VIQz) PIQ3) MQ4)
1. +8 +7 +6 +11
2. +1 +1 +1 +7
3. 0 -3 +4 0
4. -2 =7 +1 +2
5. +1 +1 +4 +24
6. —4 -3 -7 -20
7. -9 -6 -13 -5
8. -5 -3 -7 -29
9. odmitl
kontrolu
10. +1 +1 +1 +8
11. -2 -1 =7 -11
12. -5 -8 0 +22
13. +5 +7 +2 -5
Priamér -1,1 -1,2 -1,2 +0,3
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Graf 1. Zmény v subjektivnim prozivéni

(podle SUPOS-7) po radiochirurgii
u souboru pacientd.

Vysvétlivky: Podle sebeposouzeni
pacientti vy3si psychickd pohoda

(sloupec 1), vyssi aktivita (sloupec 2),

impulzivni odreagovani, niz&i deprese, tzkostnost
a sklicenost po ozafeni. Vysledky ilustruje graf 1,
ktery vychdzi z pramérnych hodnot pro cely soubor.
Zmény vSak nejsou statisticky vyznamné.

Pokud vyjdeme od jednotlive a odhlédneme-li od
velikosti hld8enych zmén, je v parametru P (psychic-
ké pohoda) v 1 piipadé hlaseno beze zmény, u 8 pa-
cientli zvySend, u 2 snizend. V parametru A (aktivita)
je hldSeno u 5 pacientd beze zmény, 5 zvySend, 1
sniZend. V parametru O (impulzivni odreagovani) u 4
beze zmény, u 3 zvySené, u 4 snizené. V parametru N
(neklid) u 3 beze zmény, u 2 zvySeni, u 6 sniZeni.
V parametru D (deprese) u 3 osob beze zmény, u 3
zvySeni, u 5 sniZeni. V parametru U (dzkost) u 3 beze
zmény, u 3 zvySeni, u 5 snizeni. V parametru S (skli-
Cenost) u 2 osob beze zmény, u 2 zvyseni, u 8 sniZeni.
Rozdily opét nejsou statisticky vyznamné.

SUPOS-7

Pti objektivnim srovnéni toho, jak pacienti nez4vis-
le posuzovali své obvyklé pocity a stavy jednak p#i
vySetfeni pied operaci, jednak pi#i vySetieni poope-
ra¢nim, byly rozdily v pramérnych hodnotdch statis-
ticky nevyznamné. Nebyl ani jednoznaény trend
zmén, byt vysledky byly pongkud odlisné nez pii
vySetfeni predchozi metodou.

Pokud vyjdeme od jednotlivet a odhlédneme-li od
velikosti hlaSenych zmén, je v parametru P (psychic-
k& pohoda) u 4 osob zvySeni, u 7 sniZeni. V parametru
A (aktivita) je u 1 pacienta beze zmény, u 5 zvysen4,
u 5 sniZzend. V parametru O (impulzivni odreagovéni)
u 6 zvySeni, u 5 sniZeni. V parametru N (neklid) u 4
osob zvySeni, u 7 sniZeni. V parametru D (deprese) u 7
zvySeni, u 4 snizeni. V parametru U (dzkost) u 6 zvy-
Senf, u b snizeni. V parametru S (skliéenost) u 1 osoby
beze zmény, u 2 zvySeni, u 8 sniZeni. Rozdily opé&t
nejsou statisticky vyznamnsé.

DSF

Primeérna frustrace (pro 11 pacienti) se nevyznam-
né snizila z hodnoty 0,628 (SD =+ 0,778) na 0,504 (SD
+ 0,609). Pokud vyjdeme od jednotlived, beze zmény
byly hodnoty u 2 osob, sniZena frustrace byla u 7 osob,

skli¢enost (sloupec 7).

zvySend u 3 osob. Zmény nejsou statisticky vyznam-
né.

WPSI

Srovnani bylo mozné u 11 pacienti, statistické vy-
znamnosti se blizily, av8ak ji nedosahly, odpovédi ve
Skéle Léky a 1ékatské vedeni, kde po operaci jsou nizsi
pocitované problémy v této oblasti: pied operaci prii-
mér 2,364 (SD + 1,963), po operaci pramér 1,364 (SD
+ 1,912). Vysledky nejsou statisticky vyznamné
(p=0,058), mozna pro maly podet méfeni (nizky pocet
osob).

Pokud vyjdeme od jednotlivcd, ve skdle Rodinné
zazemi u 1 osoby byly hodnoty beze zmény, u 4 doslo
ke zlepseni, u 6 ke zhorgeni. Ve §kdle Emocionalni
adaptace u 2 osob zména nebyla, u 4 doslo ke zlepsen,
u 5 ke zhorSeni. Ve §kale Interpersondlni adaptace
u 1 osoby nebyla zadnd zména, u 5 do$lo ke zlep&eni,
u 5 ke zhorSeni. Ve $kdle Piizptisobeni k zam&stnédni
u 2 osob byly hodnoty beze zmény, u 3 doslo ke zlep-
Seni, u 6 ke zhorseni. Ve skadle Finanéni situace u 2
osob nedoslo ke zméné, u 5 ke zlepseni, u 4 ke zhor-
Seni. Ve 8kdle Adaptace k zdchvatim u 2 osob nebyla
74dnd zména, u 5 zlepSeni, u 4 zhorgeni. Ve skale
Léky a lékaiské vedeni nebyla 7z4dné zména u 3 osob,
u 6 zlepSeni, u 2 zhorSeni. Ve skéle Celkova psycho-
socidlni vykonnost v 1 pfipadé nebyla 74dna zména,
u 5 osob bylo zlep$eni, u 5 zhorseni.

ESI-55

Srovndni bylo moZné pouze u 6 osob, u 4dné z 15
$kdl rozdily pramért nebyly statisticky vyznamné,
trend byl smérem k lepsi kvalité Zivota u 13 §kal z 15.
Celkovy sumarni skér ukazoval na zlepseni kvality
Zivota u 4 osob, zhorgeni u 2 pacient. Zmény nejsou
statisticky vyznamnsé.

QOLIE-89

K dispozici jsou vysledky pouze pro 3 osoby, u jedné
pouze pfed operaci, u dvou pouze po operaci, takZe
zmény nelze hodnotit.

Zmény v oblasti zaméstndni, invalidnich déichodd,
rodiny a kontaktii s psychiatrii.
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Doslo k zhorseni ptivodniho poméru mezi 6 zamést-
nanymi, 3 invalidnimi (1 ¢asteény dichod, 2 plné
invalidni dtichody), 2 Zenami na matefské dovolené,
a 2 nezaméstnanymi na pomér 3 zaméstnani v plném
pracovnim dvazku, 10 invalidnich (5 éasteéné invalid-
ni dtchody, z toho 3 pacienti pracuji na ¢dsteény
uvazek, a 5 plnych invalidnich dtchodd). Situaci ob-
jasniuje posledni sloupec v tabulce 1. Nebyly zazna-
mendny zmeény v rodinné situaci. U jedné pacientky
v dobé neurologické hospitalizace byla psychiatrickd
konzilidrni vySetfeni pro prechodny psychoticky stav
(viz vySe), jedna pacientka pokracovala v obéasnych
navstévach na ambulantnim psychiatrickém oddéle-
ni,

Diskuse

Epileptologické vysledky, podrobné popsané jinde
(8), nebyly v naSem souboru tak ptiznivé jako v kla-
sické epileptochirurgii, coz kontrastuje s optimistic-
téjsimi zavéry nékterych praci (3, 4), ale je ve shodé
se zkuSenostmi z jinych pracovist (19). Jen jedna pa-
cientka (nemocna ¢&. 13) byla zcela zbavena zachvato-
vych projevi. Nicméné pravé ona odmitla podstoupit
pooperaéni posouzeni psychosocidlni situace.

K pooperaénimu hodnoceni kognitivni vykonnosti
a psychosocidlni situace dochédzelo aZz dostateéné
dlouho po ozateni, takze zjisténé vysledky nebyly
ovlivnény prechodnymi komplikacemi kratce po oz4-
feni. O tom, Ze radiochirurgie pro MTLE v souéasnos-
ti neni rovnocennou alternativou klasické epileptochi-
rurgie svéddi i to, Ze u dvou nemocnych, u kterych
byla pro nedostateény epileptologicky efekt provede-
na klasickd amygdalohipokampektomie, je pooperaé-
ni pribéh uspokojivy. Jedna pacientka ma vecelku
tidké aury, dalsi nemocny je zcela bez zachvatovych
projevu. Vedle téchto faktt je moZné, Ze na ochotu
nemocnych podstoupit ¢asové ndro¢nou kontrolu kog-
nitivnich a predevsim psychosocidlnich funkeci, mély
vliv i zkuenosti s radiotoxickymi pi¥iznaky a protra-
hovany 1é¢ebny efekt radiochirurgického zasahu.

Po ozéfeni nedoslo v praméru k negativnimu dopa-
du na kognitivn{ funkce. U étyfFech pacientt piitom
ale byly znaéné rozdily od piredoperaénich vySetfeni
pameéti, u dvou zaporné, u dvou kladné. U prvni ze
dvou pamétové zhorgenych pacientek (nemocna &islo
6) byly v poptedi vyrazné poruchy koncentrace, s do-
padem na celkovou vykonnost. U druhé pacientky byl
nejprve jeji psychicky stav do té miry zhorSeny, Ze
moznosti provadét standardni psychologické poope-
raéni vySetieni byly velmi omezené, pozdéji viak bylo
mozné vySetieni uskuteénit. Slo 0 nemocnou ¢&. 8, kte-
ré trpéla invazivnim EEG monitoringem ovéfenou
bitemporélni epilepsii. Aktudlné v levém (extrémné
atrofickém) AHK probihal jen kratky pocdtecni usek
zachvatl. Za vétsinu zachvatu byla odpovédn4 akti-

vita v pravém AHK. Byl ozaren levy AHK. Za 20
mésich po zdkroku vznikla psychotickd epizoda jako
dtsledek forsirované normalizace po nasazeni topira-
maétu. Kontrolni psychologické vySetieni bylo mozné
provést 25 mésicl po ozateni.

Rozdily mohou mit fadu p#i¢in, hodnoty naméte-
nych IQ nebo MQ ¢i dalgich parametrt zdaleka neby-
vaji konstantni a jsou vhodné opakované kontroly
(20).

V literatute nejéastéji uvddénou levostrannou late-
ralizaci epileptogenni zény jako rizikovy faktor pro
pooperaéni oslabeni paméti jsme na nagem p¥ili§ ma-
lém souboru nemohli potvrdit (u 9 pacientt s levos-
trannym ozaienim byla primérnd zména MQ minus
0,2, u 3 pacientt s pravostrannym ozarenim (1 pac.
odmitl kontrolni vySetieni) byla primérna zména
plus 2,0. Stejné tak k dal§im rizikovym faktortm
(starsi vék v dobé operace, pozdé&jsi vék zadatku za-
chvatd, muzské pohlavi a lepsi predoperaéni paméto-
va vykonnost) se nemtzeme vzhledem k limitaci na-
$eho souboru vyjadrit.

Neékteré prace ukazuji, Ze i kdyz chirurgickd 1é¢ba
zlepsi situaci pokud jde o zachvaty, je mnohem mensi
vliv na razné socidlni aspekty (21). Jsou navrhovany
intervence do rodinné interakce k zlepSeni socidlni
adaptace po operaci. Intervence maji napoméhat po-
zitivnimu citovému klimatu a podporovat autonomii
pacientd.

Pokud bychom pouzili pouze jednu metodu méieni,
mohli bychom z metody SUPOS-z, popiipadé také
z DSF, ptredpoklddat podle primérnych hodnot velmi
pozitivni vysledek pokud jde o zmény v pooperaénich
subjektivnich stavech a v celkové Zivotni frustraci. To
v§ak neni potvrzeno podrobnéjsimi nalezy SUPOS-7
a WPSI. Podle WPSI se ale blizi vyznamnosti pozitiv-
ni zména v parametru ,léky a lékaiské vedeni“ podle
WPSI (p = 0,058), coz odpovid4 tomu, Ze pacientiim
byla a je ddle vénovdna zna¢nd odborné pozornost. To
vSak paradoxné miiZze mit na celkovy psychosocidlni
vysledek negativni dopad. Casté postiradiaéni kontro-
ly sterotaktickymi radiochirurgy a neurology véetné
vySetfovani sofistikovanymi neurozobrazovacimi me-
todami miZe v pacientech vyvolat dojem, Ze jsou vel-
mi nemocni, s rezultujicim zvySenym sebepozorova-
nim ¢ snahou o liéeni vSech obtiZi, které by jinak
unikaly jejich pozornosti. Souvisejicim problémem je
také to, Ze sebeposuzovaci metody musi byt u nemoc-
nych s epilepsii interpretovdny obzvlasté obezietné.
To souvisi s tim, Ze epilepsie, stejné jako nékterd jind
neurologickd onemocnéni rizné ovliviiuji, jak pacienti
vnimaji, interpretuji a hlasi své afektivni stavy (22).

Pri detailngj§im rozboru vidime, Ze v dotazniku
DSF ma4 referovany soubor, slozeny spiSe z tézsich
pacientli, niz8i hodnoty celkové frustrace, tj. pied
ozatenim 0,612 (SD + 0,742), po ozafeni 0,504 (SD =
0,609) nez je pramér souboru 450 pacientd vySetie-
nych v letech 1980-1998. Ten byl u 233 muza 0,795
(SD + 0,770), u 217 zen 0,759 (SD = 0,874) (15).
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Vysvétleni je zfejmé ve vysokém zastoupeni osob
s nevalidnimi odpovédmi (zvlasté jedinci s pravos-
trannou temporalni epilepsii maji podle nékterych
praci tendenci popirat problémy (22). Domnivame se,
7e u takovych pacientt paradoxné muze svédéit o je-
jich zlepseni, v&tsi sebejistoté a realisti¢téjsim sebe-
hodnoceni, jestliZe jsou ochotni sami sobé i pii vypl-
novani osobnostnfho dotazniku ptiznat problémy
a nespokojenost. Kdyz tedy u nich dojde naptiklad
k zvy%eni primérné hodnoty frustrace v dotazniku
DSF, mtZe to byt paradoxné povazovano za kladny
projev. Uvddime paséaZ z neuropsychologického vyset-
feni pied ozdfenim (pac. ¢é. 7): ,V rozhovoru a v cho-
van{ jasné projevy neurotizace obtiZznou Zivotni situ-
aci a trvajicimi zdravotnimi problémy. V dotazniko-
vych osobnostnich metodach odpovédi nekonzistent-
ni, nerealistické, nevérohodné, ¢asto by ukazovaly na
mnohem vys&i psychické zdravi a kladné prozitky,
ne? je to bézné u zdravych osob. Mozny psychologicky
mechanismus popieni“. P¥i kontrolnim vySetieni po

vvvvv

vvvvvv

Settenich. Toto zvyseni hodnoty uvddéné subjektivné
pocitované frustrace v daném piipadé povazujeme
spise za doklad pozitivnich zmén, vétsi sebedtivéry
a tedy také Zadouci vétsi naroénosti.

Kvalita Zivota je zavisld na stupni redukce zachvatt
po operaci, aviak nejenom na ném. Pacienti, kter{
méli psychické problémy pied operaci, nebo méli mal-
adaptivni osobnostni charakteristiky, maji také ten-
denci projevovat postoperaéni psychosocidlni tézkos-
ti, dokonce i kdyZ operace vedla ke kontrole zdchvata.
U pacientfi 1é6éenych pouze farmakoterapii bylo pii
pouziti QOLIE-89 a QOLIE-31 zjisténo (23), Ze ani
50% redukce zdchvatti nevede ke zméné k subjektivné
pocitované kvalité Zivota a Ze zfetelna zména je tepr-
ve pfi dplném vymizeni zdchvatd. Vztahu kvality
Zivota nemocnych epilepsii k psychiatrickym promeén-
nym jsme se podrobné& vénovali diive (17). Pfesto by
bylo vhodné zminit literarni zku8enosti, které ukazu-
ji, Ze dobré predoperaéni prizptisobeni (méfené podle
WPSI) byva spojeno s niz§im vyskytem depresi po
operaci (21). Dalsim cennym pozorovanim (24) je to,
Ze v Sestém tydnu po epileptochirurgické operaci na
temporalnim laloku se u pacientt, ktefi predoperacéné
neméli Zadnou psychopatologii, objevuji deprese
(50 %) a anxieta (45 %). Tti mésice po operaci se sni-
%ily emoéni labilita a anxiézni symptomy, ale depre-
sivni stav mél tendenci ptetrvdvat. Je tedy pravdépo-
dobné, Ze piedoperaéni a ¢asné postoperacni neuro-
psychiatrické sledovani miize zlepsit kvalitu Zivota
nemocnych po operaci. U nemocnych po radiochirur-
gickém osetfeni vzhledem k uvedenym specifiktim je
zirejmé, Ze takové sledovani a event. lééba musi byt
delsi. Zvlastni pozornost si také zaslouZi pripady nové
vzniklych neepileptickych psychogennich zdchvata
vzniklych a% po operaci pro epilepsii (25), jejich dia-
gnostika miiZe byt extrémné naroéna. V naSem sou-

boru mame zkusenosti spise s postiradiaéni akcentact
preexistujicich neepileptickych zachvati (pac. €. 11)
a literatura vzhledem k malému poétu ozéfenych pro
MTLE neposkytuje voditka.

Zavér

Na zdkladé zkuSenosti s nagim malym souborem je
mozno formulovat nasledujici zavéry.

NasSe prvni hypotéza (,Po radiochirugii, vzhle-
dem k relativné malému zasahu, nedojde k podstat-
né&j&fmu snizeni kognitivnich schopnosti pacientd)
byla — s omezenimi danymi v prvé iadé malym soubo-
rem — v zdsadé potvrzena. P# srovnani pramérnych
hodnot intelektovych a pamétovych vykont pied a po
radiochirurgickém zdsahu pro MTLE nedoslo ke zfe-
telngjdim zmé&ndam. OvSem primérné hodnoty mohou
zakryvat podstatné zmény u nékterych jedinct ze
souboru. Zjisténi, Ze u 4 z 12 osob s kontrolnim poope-
raénim vySetfenim kognitivnich funkei doslo k pod-
statnym zmé&ndm v pamétfové vykonnosti (u dvou
k velkému zlepSeni, u dvou naopak k vyraznému
zhor$eni) povaZzujeme za dulezité a ukazuje na nut-
nost dalsiho prospektivniho sledovani.

Pii subjektivnim posouzeni paméti nebyly rozdily
vyznamné, trend byl spiSe k méné ¢astym stiznostem
na obtiZe s paméti.

Druhou hypotézu (,Kvalita zivota bude zaviset
na dopadu radiochirurgického zédkroku na pooperaéni
frekvenci zachvatid, predeviim na tom, zda dojde
k dplnému vymizeni zachvati.“) nebylo mozné spo-
lehlivé testovat vzhledem k tomu, Ze pouze u jedné
pacientky doslo k tplnému vymizeni zdchvath po sa-
motné radiochirurgii (u dvou nemocnych, u kterych
pozdéji byla provedena klasickd amygdalohipokam-
pektomie, je pooperaéni prubéh z hlediska zachvati
uspokojivy). Nicméné v souboru se s urcitym odstu-
pem po operaci sniZila primérna frekvence zachvatd.
P¥i pfimém posouzeni rozdilti v subjektivnich poci-
tech a stavech p¥ed a po operaci (podle SUPOS-z)
vychézeji primérné hodnoty pro cely soubor piiznive,
tj. jako vy&si psychicka pohoda a aktivita a nizsf im-
pulzivni odreagovéni, deprese, uzkostnost a sklice-
nost. Primérna frustrace se snizila, byt nevyznamné
(podle DSF). S tim jsou v korelaci hodnoceni kvality
Fivota (BESI-55), kdy v malé podskupiné takto hodno-
cenych nemocnych byl patrny statisticky nevyznamny
trend smérem k lepsi kvalité. Jako prekvapujici se
pak miiZe zdat, Ze objektivni socidlni situace pacientt
se spiSe zhor&ila (napf. ze 6 zaméstnanych se 3 stali
invalidni). Je pro to nékolik moznych vysvétleni.

a) Validita odpovédi rady pacientt byla pravdépo-
dobné sniZené. Zejména v psychosocidlni oblasti je
nutné se zajimat nejen o validitu odpovédi (naptiklad
pomoci validizaénich skal WPSI), ale pouzivat i fadu
riiznych mé¥icich nastroji postihujicich razné stran-
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ky Zivota pacientd a odliSnymi metodami, aby se pie-
deslo zkresleni vlivem jednostrannosti a nedostatki
jednotlivych metod. Déle je dulezité sledovat nejenom
pramérné hodnoty souboru, ale také jednotlivé piipa-
dy. Také v naSem malém souboru jsou podstatné roz-
dily naptiklad pokud jde o zmény v psychosocidlni
adaptaci (ve smyslu pozitivnim i negativnim), které
statisticky primeér zastira.

b) Velmi nepravdépodobné je, Ze nebyla dia-
gnostikovdna deprese piitomna v dobé postiradiaéni-
ho testovani. Je ale mozné, Ze nebyla diagnostikovana
v éasné&j§im postiradiaénim obdobi. To by mohlo mit
za dtsledek event. pozdé&jsi negativni zmény psycho-
socidlni (nap¥. zaméstnanost). Bude tedy vhodné
u ozafenych nemocnych do budoucna pldnovat detail-
néjsi psychiatrické sledovani.

¢) Nejpravdépodobnéjsi viak je, Ze zhor$eni socidlni
situace je disledkem piechodného zhorSeni stavu po
ozateni (radiotoxicka reakce, zvySeni frekvence za-
chvat). To znovu potvrzuje starou zkuSenost, Ze ja-
kékoli vysledky epileptochirurgickych zdsahd musi
byt hodnoceny az po velmi dlouhém (nejlépe mnoha-
letém) epileptologickém sledovani. P¥i tom by bylo
vhodné se zamérit na zkoumaéni toho, zda samotna
castost kontrol neptispiva ke zvétSeni tiZze a mnozstvi
steskd nasich nemocnych.

d) V dvahu je tfeba brat i obecné lidské a spolecen-
ské duvody. Ke zméndm v oblasti zaméstnanosti doslo
v nasem souboru u pacientd ¢. 2-8. Je veelku pocho-
pitelné, ze 2 samozivitelky dostaly po matetské dovo-
lené dachody, jedna plny a jedna édsteény. Je také
pochopitelné Ze oba nagi nezaméstnani usilovali o in-
validni dichody, 1 dostal plny a 1 édsteény. Dva pii-
vodné zaméstnani nemocni dostali ¢asteéné dachody,
pii kterych ddle pracuji; nelze vyloudit, Ze globalni
socidlni zména je u nich spise k lepSimu.

Do budoucna se nabizi prospektivni sledovéni sou-
boru pacientd pouZzitymi metodami po dobu 5 let po
operaci, coz je vSeobecné uznavana doba k validnimu
hodnoceni efektu operace.

Podporeno grantem GACR GA 309/02/ 1218/ A.
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Stereotactic
amygdalohippocampectomy
for temporal lobe epilepsy:
promising results

in 16 patients

Miroslav Kalina, Roman Lisck, Zdenék Vojtéch, Eva Adamkova,
Tomas Prochéazka, lva Mareckova, Vilidald Vladyka
Na Homolce Hospital Epilepsy Center, Prague, Czech Republic

ABSTRACT - Objectives. Minimally invasive procedures for treating temporal
lobe epilepsy have been investigated recently, namely stereotactic and gamma
knife amygdalohippocampectomy (AHE). However, the results are not fully
satisfactory. Our aim was to evaluate efficacy and side-effects of stereotactic
AHE mimicking the neurosurgical procedure in terms of extent of the lesion.
Methods. 16 consecutive patients were assessed using VEEG, MRI, FDG-PET
and WADA test. All had definite pharmacoresistant medial temporal lobe
epilepsy. The stereotactic AHE was performed on the Leksell stereotactic
system. All lesions exceeded 40 mm along the long axis of the hippocamus.
Results. Seizure outcome was favourable on one year follow-up: 12 patients
(75%) were seizure-free (Engel 1), three (19%) were Engel Il, and one (6%) was
Engel 1lI. Side-effects were mild, lasting up to 7 days: cephalea, meningeal
syndrome with sterile CSF in three subjects, and CSF leak lasting up to 3 days in
seven subjects. Conclusion. Stereotactic AHE encompassing sufficient volume
of the amygdalohippocampal complex appears to be safe, effective, and free
from long-term side-effects.

Key words: stereotactic amygdalohippocampectomy, temporal lobe epilepsy,
epilepsy surgery, seizure outcome
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Attempts to perform epilepsy surgery
less invasively than by classical open
neurosurgical intervention have been
made since the fifties. The pivotal
contribution in this field was made by
Talairach et al. (1974). The methodo-
logy, however, was limited both in the
diagnostic pre-operative assessment
(without ictal video-EEG) and the
treatment procedure itself, based on
reaching the target area by implemen-
ting stereotactic coordinates from ana-
tomical atlas, scull x-ray, and ventri-
culography. Targeting the therapeutic

lesion was only partially based on in-
dividual anatomy. Modification of this
method was also used by Vladyka
(1978) until the late eighties when
video-EEG (VEEG) and MRI made
classical epilepsy surgery far more ef-
fective. We had an opportunity to
reassess some of these previously ste-
reotactically treated patients who
were included in a space memory
study (Bohbot et al. 1998; Stepankova
et al. 2004), and their MRI examina-
tions showed lesions varying substan-
tially in location and size over the
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Stereotactic amygdalohippocampectomy in TLE

temporal lobe. Sometimes, the target structure —amygda- ~ Considering the recent trends in medicine that strongly
lohippocampal complex — was partially missed, and this, ~ advocate minimally invasive procedures with immediate
apart from some misdiagnosed seizure types or side of  effect, and technology improvements that enables precise
seizure onset, was responsible for less satisfactory results. ~ patient-tailored stereotactic amygdalohippocampectomy,

Stereotactic therapy of temporal lobe epilepsy (TLE) was we have decided to apply this procedure in a well defined
re-introduced in a modern setup by the London — Ontario  series of patients with medial temporal lobe epilepsy and
group (Parrent et al. 1999). Radiofrequency lesions en-  evaluate the outcomes. The primary objective was to
compassed the amygdala and anterior 13-21 mm (mean,  €valuate the seizure outcome, the secondary objective
16.8 mm) of the hippocampus in the small-lesion group, ~ Was to evaluate procedure-related side-effects of the pro-
and 15-34 mm (mean, 21.5 mm) in the large-lesion group.  cedure. Neuropsychological outcomes will be a matter of
The outcomes, however, were clearly inferior to open @ separate study.

anteromesial temporal resection (ATR) or amygdalohippo-
campectomy (AHE), only two of 22 treated patients were
seizure-free.

Another novel approach has been thoroughly studied by Regis  Sixteen consecutive epilepsy surgery candidates with
etal. (2004) Ina prospective multicenter StUdy, 23 patients pharmacoresistant partia| Comp|ex seizures with or with-
were treated with gamma knife according to a standard  out secondary generalization were enrolled for stereotac-
protocol with promising results. However, at the time of  tic AHE based on consistent results suggesting definite
maximum radiation effect, about one year following the medial temporal lobe epilepsy (MTLE) and the patient ’s
treatment, 62% of patients needed corticosteroids for a  preference for either classical AHE/ATR or stereotactic
mean of 73 days, and 3 required hospitalizations with  AHE. Respecting the subject’s preference informed con-
intravenous treatment because of headache, nausea, or  sentwas obtained. All patients were assessed according to
vomiting. All patients experienced a transient increase in  general standards. MRI, FDG-PET, WADA-test using
their seizures. At the two-year follow-up, 13 of 20 patients ~ methohexital, scalp ictal video-EEG analysis of at least two
reached Engel |, and 6 of 20 reached Engel Il classification. ~ habitual seizures, visual field, and neuropsychological

Materials and methods

Table 1. Summary of subject demographics, seizure history, pre-operative assessment, Engel classification one year
after stereotactic amygdalohippocampectomy, and side-effects.

Patient Age  Sex Epilepsy  Seizures/ VNS  MRIwith PEThypo WADA Engel class Meningeal CSF
n° duration month MTS speech syndrome  leak
years years left/right  left/right left/right 12 months

1 48 m 48 6 y L L L | 0 0
2 58 m 18 5 n L R bilat. I 0 y
3 60 m 29 13 n L L L I y y
4 34 m 24 1 y R R L Il 0 0
5 43 f 28 15 n L L L I y 0
6 28 f 22 6 n L L L | 0 y
7 36 m 18 32 n R R L I 0 y
8 65 f 36 6 n L L L | 0 0
9 38 m 10 7 n Normal L L I y 0
10 29 m 15 6 n L L L | 0 0
11 50 m 47 2 n L L N/A | 0 y
12 27 m 16 4 n L L R | 0 0
13 32 f 17 7 n L L L | 0 y
14 20 f 3 12 n R R L I 0 y
15 50 m 31 5 n R R L 11} 0 0
16 28 f 17 3 y L L L | 0 0
AV 40,4 23,3 8,3

Mean age of our cohort was 40.4 years, 10 were males and 6 females. Mean epilepsy duration was 23.3, mean number of partial
complex and secondary generalized seizures per month was 8.3. Three subjects were unsuccessfully treated with a vagus nerve
stimulator. 11 subjects had mesial temporal sclerosis (MTS) on the left side, 4 on the right side, and one had normal MRI.
Hypometabolism was found on positron emission tomography (PET) on the left side in 11 subjects, on the right side in 5. Speech
dominance was in the left hemisphere in 13 subject, in one it was bilateral and in one on the right. Engel class | on one year follow-up
was in 12 subjects, Engel Il in three, and Engel IIl in one subject. Three subjects had meningeal syndrome up to 6 days, and 7 had minor
cerebrospinal fluid (CSF) leak up to 3 days following the procedure.
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assessment were performed (QOLIE-89, WAIS-R and
WMS-R).

Patients were treated using stereotactic thermo-lesion of
the amygdalohippocampal complex (4 right, 12 left). For
the surgical procedure, the Leksell stereotactic system was
used. The coordinate frame was attached to the patient’s
head under local anaesthesia. MRI with indicator box
using Siemens Magnetom Expert 1T with a three-
dimensional FLASH, T1- weighted sequence, and 1.3 mm
slices with contrast enhancement to visualise cortical ves-
sels were performed. Single trajectory along the long axis
of the hippocampus was planned on SurgiPlan (Elekta
Instruments). Entry point was placed in the occipital region
to avoid cortical vessels being captured on MRI, and
percutaneous drill-hole under local anaesthesia was per-
formed. The trajectory of the probe avoided ependymal
surface of the ventricles and the target point was placed in
the amygdala. Thermocoagulation of the amygdalohip-
pocampal complex and part of parahippocampal gyrus
was planned according to individual anatomy of the pa-
tient. Stereotactic AHE was carried out by string electrode

with 10 mm bold active tip, and 17 to 30 (median 24)
lesions were done using Neuro N 50 (Fischer-Leibinger)
system in all patients along the 32-37 mm (median
35 mm) trajectory in the amygdalohippocampal complex.
Local temperature was 75°C or 88°C depending on probe
thickness. After the procedure, patients were hospitalized
at a standard neurological ward.

Follow-up MRI scans were performed in all subjects 5-6
days, and then 6 and 12 months after the procedure.
Neuropsychological parameteres, enabling comparison to
pre-operative results, were assessed one year following
the stereotactic AHE.

Outcome data for one year post-operatively were classi-
fied using Engel’s classification | = seizure free or auras
only, Il =rare seizures (not more than two per vyear),
Il = worthwhile improvement (reduction of seizures of
90% or more), IV = unchanged or worse (Engel, 1987).
We adhered to the Engel classification in order to be able
to compare our results with both older and recent litera-
ture, as the ILAE classification is still not generally used
(Wieser et al. 2001).

Figure 1. Results in patient 13. A) MRI showing mesial temporal sclerosis left; B, C) FDG-PET showing left temporal hypometabolism; D, E, F,
G) MRI 3 days following stereotactic amygdalohippocampectomy; H) MRI 6 months following stereotactic AHE.
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Results

Results are summarised in table 1. Of the 16 treated pa-
tients, 10 were males and 6 were females. The mean age
was 40,4 years ranging from 27 to 65. The mean duration
of epilepsy was 23.3 years (3-47 years). The total monthly
number of seizures (partial complex and secondary gen-
eralized seizures) preceding the procedure ranged from 1
to 32, with the mean of 8.3. Vagus nerve stimulator had
previously been implanted in 3 of the 16 patients with with
insufficient effect. All patients but one had mesial temporal
sclerosis (MTS) on their MRI corresponding to the side of
seizure semiology and seizure onset on the VEEG
(figures 1-4). The one subject (BM) without MTS had clear-
cut FDG-PET hypometabolism in his left temporal lobe
and reached Engel Il outcome. Fluoro-deoxy-glucose hy-
pometabolism was present in the relevant temporal lobe in
15 of the 16 subjects. In one subejct (Z)) hypometabolism
was opposite the MTS and VEEG seizure onset, and ster-
eotactic AHE on the MTS side resulted in Engel | outcome.
WADA tests were performed in 15 subjects, and showed
speech dominance in the left hemisphere in 13, in the right
hemisphere in one, and bilateral speech projection in one
subject. The lesion was located in the dominant hemi-

Stereotactic amygdalohippocampectomy in TLE

sphere in 11 subjects. None of the 16 subjects developed
permanent post-operative speech deficit. Complete neu-
ropsychological outcome assessment will be presented in
a separate report.

Lesions were clearly visualized on post-operative MRI
examinations, they were quite uniform, and in all cases
they encompassed the region of amygdala and hippocam-
pus longer than 40 mm along their long axis (figures 1-4).
The follow-up assessment confirmed that no subject de-
veloped long-lasting oedema detectable on other than
post-operative scans. After a year, the lesion developed
into oblong pseudocyst with collateral tissue atrophy en-
compassing a substantial portion of both amygdala and
hippocampus (figures 1-4).

Seizure outcome was favourable: 12 patients (75%) were
seizure-free (Engel 1), three (19%) were Engel Il, and one
(6%) was Engel Il

Immediate mild post-procedure side-effects (cephalea and
local pain in indicator box fixation points) lasting 1-2 days
were present in all patients and were easily controlled
by oral analgesics. Small cerebrospinal fluid leak was
present in seven subjects and resolved under compressive
bandage within 1-3 days. Three subjects developed definite
meningeal syndrome requiring lumbar puncture that

Figure 2. Results in patient 5. A) MRI showing mesial temporal sclerosis left; B, C) FDG-PET showing left temporal hypometabolism; D, E, F, G)
MRI 3 days following stereotactic amygdalohippocampectomy; H) MRI 25 months following stereotactic AHE.
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revealed hyperproteinorhachia and pleiocytosis. However,
microscopic examination and cultivations were negative in
all three cases. Meningeal syndrome resolved in 4-6 days on
antibiotic therapy in two subjects, and the same course was
observed in one subject without antibiotics. Long-term
negative medical side-effects have not been observed.

Discussion

Outcome

The primary objective of the study — seizure outcome — is
fairly optimistic with 75% of subjects falling within Engel
class I, 19% within Engel class Il, and one subject (6%)
within class Ill. This outcome does not correspond to the
results of the London — Ontario group (Parrent et al. 1999)
in spite of the fact that the patient cohort has similar
characteristics as far as seizure types, underlying pathol-
ogy, and location of the epileptogenic zone are con-
cerned. The substantial difference seems to be the larger
longitudinal size of the lesion in our series (35 mm vs
21.5 mm) encompassing the amygdala and hippocampus

in a continuous manner. Another possible reason for dif-
ferent outcomes might be the homogeneity of our cohort
with consistent subject’s pre-operative assessment focus-
sing convincingly on the one mesiotemporal structure,
with 15 of the 16 subjects with MTS on the MRI and 15 of
the 16 subjects with relevant FDG-PET hypometabolism.

Gamma knife epilepsy surgery for TLE was studied in
detail by Jean Regis and collaborators (our centre contrib-
uted six subjects to this series). Gamma knife AHE appears
promising. Atthe two-year follow-up, 13 of the 20 patients
reached Engel I, and 6 of 20 reached Engel Il class.
However, the efficacy is not superior to open neurosurgery
when compared to recent neurosurgery series, e.g. 71%
Engel | patients in the Porto Alegre series (Paglioli et al.
2006), 54% (Bate et al. 2007), 62% (Hori et al. 2007), 77 %
(Erickson et al. 2005). Outcome in a comparable patient
cohortin our study is at least similar to that of gamma knife
surgery. The major difference compared to gamma knife
intervention was the onset of treatment effect. With ster-
eotactic AHE the effect is immediate while with gamma
knife it has 12-18 months latency preceded by a period of
increased seizure frequency and severity.

Figure 3. Results in patient 16. A) MRI showing mesial temporal sclerosis left; B, C) FDG-PET showing left temporal hypometabolism; D, E, F,
G) MRI 2 days following stereotactic amygdalohippocampectomy; H) MRI 3 months following stereotactic AHE.
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F G H

Figure 4. Results in patient IK. A) MRI showing mesial temporal sclerosis left; B, C) FDG-PET showing left temporal hypometabolism; D, E, F, G)
MRI 3 days following stereotactic amygdalohippocampectomy; H) MRI 9 months following stereotactic AHE.

Epileptologic outcome of stereotactic AHE and neurosur-
gical AHE or ATR for temporal lobe epilepsy based on
Engel classification after one or two years seems to be
comparable: 75% Engel class | in our series of stereotactic
AHE vs 71%, 54%, 62%, 77% (references above), and
66% in a comprehensive meta-analysis (Téllez-Zenteno et
al. 2005). It is a matter of further follow-up of our subjects
to assess the long-term seizure outcome. However, long-
and short-term outcomes seem to be similar in controlled
studies on temporal lobe resective surgery (Téllez-
Zenteno et al. 2005).

Side-effects

Side-effects, apart from efficacy, are a major concern in
every type of intervention no matter how minimally inva-
sive it is. As for gamma knife epilepsy surgery, the proce-
dure is extremely safe and non-invasive. However, the
side effects of gamma knife are far from negligible (Regis
et al. 2004). About one year after radiation, 62% of sub-
jects developed substantial temporal lobe oedema which
required corticosteroid treatment for an average of
73 days, and three subjects required hospitalization for

intravenous anti-oedema treatment because of intracra-
nial hypertension syndrome. Another important issue is
the temporary increase of seizure frequency and severity
in some subjects.

Well known side-effects of neurosurgical AHE/ATL are
either temporary (pain, early postoperative seizures,
wound complications including CSF leak and inflamma-
tion, meningitis requiring antimicrobial therapy and oth-
ers) or permanent (visual field deficit, major neurological
deficit including hemiplegia in 1% of patients due to
middle cerebral artery stroke). Side-effects in our cohort
were only short-term, lasting up to seven days. Meningeal
syndrome was most probably caused by stereotactic le-
sions reaching the CSF compartment as the CSF was sterile
in all three cases.

Conclusion

Stereotactic AHE using the Leksell stereotactic system
appears to be equally safe and effective as neurosurgical or
gamma knife AHE at one year post-procedure. Long-term
efficacy and neuropsychological outcomes are still to be
assessed. []
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Abstract

Purpose Minimally invasive percutaneous single trajectory
stereotactic radiofrequency amygdalohippocampectomy
was used to treat mesial temporal lobe epilepsy (MTLE).
The aim of the study was to evaluate complications and
effectiveness of this procedure.

Materials and methods A group of 51 patients with MTLE
was treated using stereotactic thermo-lesion of amygdalo-
hippocampal complex under local anaesthesia. The target
was reached through the occipital approach with a single
trajectory using MRI stereotactic localisation. Thermocoa-
gulation of the amygdalohippocampal complex was
planned according to the individual anatomy of each
patient. Amygdalohippocampectomy was performed using
a string electrode with a 10-mm active tip, and 16-38
lesions (median=25) were performed in all patients along
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the 30- to 45-mm trajectory (median=35) in the amygda-
lohippocampal complex.

Results The procedure was well tolerated by all patients
with no severe permanent morbidity; meningitis was
recorded in two patients (4%), hematoma was detected in
four patients, clinically insignificant in three of them, and
one patient required temporary ventricular drainage (2%).
Thirty-two patients were followed up over at least 2 years,
and the clinical outcomes were evaluated by Engel’s
classification; 25 of them (78%) were Engel I, five (16%)
were Engel II, and two (6%) were Engel IV.

Conclusions Stereotactic amygdalohippocampectomy is a
minimally invasive procedure with low morbidity and good
results that can be the method of choice in selected patients
with MTLE.

Keywords Temporal lobe epilepsy -
Stereotactic neurosurgery - Amygdalohippocampectomy -
Surgical outcome

Introduction

Medically refractory mesial temporal lobe epilepsy (MTLE)
with hippocampal sclerosis as common radiographic find-
ing is the most frequent indication for epilepsy surgery in
adults [6]. The most widespread surgical procedure to
operate this epileptic entity is anteromesial temporal lobe
resection. Standard anterior temporal lobe resection usually
involves the resection of the amygdala, hippocampus and
parahippocampal gyrus, with a resection line in the
temporal neocortex extending 3-3.5 cm from the temporal
tip [6, 8, 23]. Higher selectivity represents transcortical
amygdalohippocampectomy as proposed by Niemeyer [15].
The goal of this procedure is to remove the medial

@ Springer



R. Liscak et al.

structures of the temporal lobe, amygdala, hippocampus
and parahippocampus, whilst minimising neocortical resec-
tion. Selective amygdalohippocampectomy through the
Sylvian fissure route was described by Yasargil [30, 31].
Stereotactic neurosurgery represents the ultimate effort for
selectivity with minimal damage to the brain tissue on the
access route to the target structure. Although this technique
was successfully used more than three decades ago [28],
recent experiences are limited to a few communications [3,
18]. We have reintroduced stereotactic amygdalohippocam-
pectomy (SAHE) in 2004 [10-12] according the technique
described in 1978 by senior author Vladyka [28], but with
the use of contemporary techniques, i.e. treatment plan
prepared on planning software, which allows lesioning
based on the individual anatomy of the patients as imaged
by stereotactic magnetic resonance. The complications of
the procedure and results in the group of patients were
evaluated after a follow-up of at least 2 years.

Materials and methods
Patient selection

Fifty-one consecutive patients (28 men and 23 women)
with intractable MTLE underwent SAHE between April
2004 and Oct 2009. Age of the patients ranged from 18 to
75 years (median=36). Preoperatively, all patients were
evaluated according to the standard protocol (MRI, FDG-

PET, video-EEG monitoring, Wada test and neuropsycho-
logical assessment). If data from these examinations were
not sufficiently indicative for treatment, patients underwent
invasive stereotactic intracranial video EEG recordings and
SPECT if necessary. Six patients (12%) of 51 underwent
invasive monitoring before treatment. Usually, two intrace-
rebral electrodes were inserted along the long axis of
hippocampus through occipital approach combined with a
group of subdural electrodes placed over the suspected
temporal lobe. After the diagnostic study was completed,
the therapeutic options were explained to all patients in
detail, with SAHE mentioned as one of these. If they
approved, each of them signed an informed consent. Fifty
patients underwent SAHE as the primary ablative proce-
dure; one patient underwent previous partial microsurgical
amygdalohippocampectomy. Thirty-six patients underwent
left-sided procedure, 15 patients right-sided.

Technique of the stereotactic procedure

Stereotactic procedures were carried out under local
anaesthesia and mild sedation in all patients. The Leksell
stereotactic system (Elekta Instr., Sweden) was used and the
coordinate frame was attached to the patient’s head. MRI
was performed with an indicator box using 1.0 T (Siemens
Impact) or 1.5 T (Siemens Avanto) MRI system with TSE
T2 WI coronal, slice 2 mm and three-dimensional volume
acquisition sequence (FLASH 3D, TR 25 ms, TE 5 ms, flip
angle 37°, slice 1.3 mm, matrix size 256x256) with the

Fig. 1 Treatment plan: windows
1—4 example of planned probe
tip extrusion in four positions,
window 5 parallel, window 6
orthogonal recosntruction from
3D MRI through electrode
trajectory
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administration of an intravenous gadolinium contrast agent
to visualise cortical vessels.

The entry point was placed in the occipital region and
the single trajectory was planned using Surgi Plan (Elekta
Instr.,, Sweden). The target point of the trajectory was
located in the amygdala, and the trajectory itself passed
through the hippocampal head with maximum effort to
avoid the ependymal surface of the ventricle and the
cortical vessels. Thermocoagulation of the amygdalohippo-
campal complex was planned according to the individual
anatomy of the patient (Fig. 1).

SAHE was performed in analgosedation with the patient
in a semi-sitting position. Before the procedure started, an
intravenous bolus of antibiotics was administered. A circle
of hair was shaved occipitally. A percutaneous drill hole
was made under local anaesthesia (diameter of drill 4 mm),
and the dura mater was penetrated with the coagulating tip
of the probe. SAHE was carried out with the string
electrode with outer diameter of the guiding tube 1.8 mm
and the flexible 10-mm bold active tip (Fig. 2). The string
electrode was inserted and guided to the coordinates of the
target located in amygdala. The active tip was exserted and
heated for 60 s to 75°C (in 15 patients) or 88°C (in 36
patients) depending on the probe’s thickness (the two
versions of electrodes with different thicknesses of the
string tip were used in the study). Lesions were made using
the Neuro N50 (Fischer-Leibinger, Germany) system.
Individual lesion was made when string tip was exserted
from the guiding tube to its side, reaching 8 mm lateral
from the long axis of the probe. When thermocoagulation
was accomplished, the active tip was retracted, the
electrode was rotated by 45° according to the treatment
plan, and the tip was again exserted to create another lesion.
Usually, two to four lesions were made in one position.
After lesioning had been completed in one position, the tip
was retracted and the probe withdrawn by 5 mm to the level
of the next position. Thermocoagulation was performed in
seven to ten positions (median=8), making a confluent
lesion 30—45 mm (median=35) long. Number of lesions in
all positions ranged from 16 to 38 (median=25). The
patients spend about 1 h in the operating theatre; the whole
procedure from frame attachment to its removal from the
patient’s head takes usually about 3 h.

After the procedure, all patients were observed on a
standard ward, and MRI verification of the size of the lesions
(Fig. 3) was carried out before they were discharged. All
patients were discharged 2 to 13 days (median=6) after the
procedure.

Complications

There was no mortality or permanent severe morbidity of
the SAHE. No complications were noticed in 21 patients

Fig. 2 a String electrode with exserted 10-mm bold active tip.
b Visualisation of the lesion created in egg white

(41%). Nineteen patients (36.5%) complained of a mild
headache, which resolved within 1-3 days, and common
pain killers were used for this period. Upper meningeal
syndrome with subfebrility was observed in 11 patients
(21%), which resolved within 5 days after symptomatic
treatment. Meningitis, which required antibiotic treat-
ment, was observed in the first two patients (4%). In one
patient, the meningitis was aseptic, whilst in the second
patient with associated hereditary coagulopathy, who had
purulent meningitis, a pulmonary embolism was detected
with no permanent sequalae. After this complication, we
started administering a bolus of antibiotics before the
procedure, and meningitis has not been observed there-
after in the 48 subsequent patients. Bleeding was
detected in four patients—a small haematoma within
the trajectory of the probe with a diameter up to 1 cm. In
one of these patients, bleeding was associated with a
small subdural haematoma with a thickness of up to
5 mm. In another one of these patients, a small blood
clot was present in the occipital horn of the lateral ventricle,
which caused sudden obstructive hydrocephalus after the
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Fig. 3 Typical thermocoagula-
tion lesion 7 days after SAHE
encompassing amygdalohippo-
campal complex. a TSE T2

WI axial plane. b, ¢ SE T1 WI
axial and coronal planes after
gadolinium intravenous
administration

movement of the head the third day after the procedure, which
required urgent ventricular drainage. The drain was removed
after 4 days when the symptoms and hematoma had resolved.
Haematomas in three of four patients were without symptoms
and diagnosed on routine postoperative images and required
no treatment.

@ Springer

In two patients, a small piece of the metallic tip of the string
electrode was left in the operation field, and therefore, they
were suspended from further MRI follow-up.

In one patient, homonymous upper quadrantanopsia was
detected postoperatively; other patients had no new visual
field deficit after the procedure.
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Table 1 Engel’s classification of the postoperative clinical seizure
outcome

Class I— A Completely seizure-free since surgery
seizure-free B Aura only since surgery
C Some seizures after surgery, but seizure-
free for at least 2 years
D Atypical generalised convulsion with

antiepileptic drug withdrawal only

Class [I—rare A
seizures

Initially seizure-free but has rare
seizures now

B Rare seizures since surgery
C More than rare seizures after surgery,
but rare seizures for at least 2 years
D Nocturnal seizures only, which cause no
disability
Class 11— A Worthwhile seizures reduction
yvorthwhlle B Prolonged seizure-free interval amounting
Improvement to greater than half the follow-up period,

but not less than 2 years

Class IV—no A
worthwhile B
improvement

Significant seizure reduction
No appreciable change

C Seizures worse

Clinical outcome

Outcome data were classified using Engel’s classification [7]
(Table 1). The clinical outcome was assessed in a group of
32 consecutive patients where at least 2 years had elapsed
since the treatment; the rest were treated during the last
2 years (Table 2). Data from all 32 patients were available
with a follow-up range of 22 to 61 months (median=31).
One of these patients, who showed an insufficient effect after
the initial treatment, was found to have lesions that were too
lateral, and so SAHE was repeated after 13 months.
Two years after the repeated treatment, this patient is
seizure-free (Engel IA) and is included in Table 1 in the 2-
year follow-up period. Another two patients, treated 2 and
3 years ago, had insufficient effect (Engel IVA) and were
indicated for anteromedial temporal resection 1 and 2 years,

respectively, after SAHE. Both of these are recorded in the
column for the 2-year follow-up and one of them also for the
3-year follow-up as Engel IVA. One patient, who had been
completely seizure-free since SAHE, committed suicide
22 months after the procedure and is recorded in the column
for 2-year follow-up as Engel IA.

Discussion

The concept of stereotactic lesioning of the amygdalohippo-
campal complex was introduced by Talairach more than halfa
century ago [24, 25], and originally, the lesion was created by
brachytherapy [26]. SAHE via the occipital approach along
the long axis of the hippocampus with a single trajectory
using a side string electrode was first published in our
country three decades ago [28]. The senior author, V.
Vladyka, who was inspired by Talairach's interstitial
brachytherapy of amygdalohippocampal structures [25, 26],
performed longitudinal radiofrequency ablation of the
amygdalohippocampal complex in a group of 38 patients
by 18 to 22 segmental coagulations, which created a fused
lesion 10 mm in diameter and 25 to 30 mm long. In a group
of 22 patients followed for at least 2 years, he observed no
seizures in 50% of them, a significant improvement in 32%
and no effect in 18%. Complications were recorded as
follows: one bleeding, two abscesses, one hemiparesis and
one homonymous hemianopsia. This treatment as a valuable
approach was also published by Nadvornik et al. [14]. In
1997, Blume et al. [3] published the results of stereotactic
radiofrequency amygdalohippocampectomy as a therapy of
MTLE in 14 patients. However, their technique was
different. They made 4 to 11 discrete lesions (mean=6) in
the amygdala and anterior hippocampus in the first five
patients and confluent lesions (12 to 24, mean=19) in these
structures in the subsequent nine patients. They introduced
steel electrodes for lesioning through lateral approach. A
temporal burr hole was placed over the middle temporal
gyrus and the electrode was advanced to each target through

Table 2 Treatment results in a

group of 32 patients 2-5 years Engel’s classification

2 years

3 years 4 years 5 years

after the treatment

32 pat. (100%)

18 pat. (100%) 11 pat. (100%) 3 pat. (100%)

Class 1 A 13
B 8
C 3
D 1
Class II A 2
B 3
Class 11T A
B
Class IV A 2

78% 4 72% 4 91% 2 100%
5 3
3 2
1 1 1
16% 3 22%
1
0% 0% 9%
1
6% 1 6%
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Fig. 4 Four years after radio-
frequency thermo-lesion atrophy
of the affected structures (TSE
T2 WI): axial (a) and coronal

(b)

a single cortical puncture and was angled anteriorly and
posteriorly to reach the target sites [18]. During a median 17-
month follow-up, 6 of the 14 patients were seizure-free, four
patients had fewer and milder seizures after surgery, and four
patients had persistent seizures with no improvement [3].
Parrent and Blume [18] in 1999 upgraded these results in a
group of 19 patients, ten of which had a favourable seizure
outcome, but only two patients (10%) were seizure-free. The
only observed complication was a small asymptomatic
temporal lobe hematoma in one patient. The size of the
lesions produced in our study was significantly larger and
our lesions also affected the parahippocampal gyrus.
Instead of radiofrequency lesioning, gamma knife radio-
surgery to target the amygdalohippocampal complex was
introduced by Regis [19, 20]. The onset of gamma knife
treatment clinical seizure control effect is delayed by 3—
18 months. The latest article by the Marseilles group [2]
provides information concerning an 8-year follow-up of a
group of 15 patients, nine of whom are seizure-free. After
stereotactic radiosurgery, 60% of the patients required
corticosteroid treatment for brain oedema causing intracranial
hypertension. One patient died of sudden unexpected death
during the first year after radiosurgery. We have evaluated
our own long-term results of gamma knife radiosurgery for
MTLE [29]. Up until 1999, 14 patients had undergone
radiosurgical treatment of the amygdalohippocampal com-
plex. The insufficient effect of irradiation led us to perform
epilepsy surgery on seven patients an average of 63.5 months
after radiosurgery. Seven patients who had not undergone an
operation were classified at least 8 years after irradiation
(average 116 months): one patient Engel class IB, three
Engel class IIC, one Engel class IIIA and two Engel class
IVB. Collateral oedema was observed in nine patients, which
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started earlier and was more frequent in those irradiated with
higher doses. We found partial upper lateral quadrant anopia
as a permanent side effect in two patients. No significant
memory change occurred in the group as a whole. The role
of radiosurgery in the treatment of epilepsy has still to be
established, and evaluation of the results continues.
Stereotactic amygdalohippocampectomy does not
achieve complete removal of these structures, and we have
studied the changes in the volume of these structures after
the procedure and correlated them with the clinical out-
comes in a group of 18 patients [11]. The early postoper-
ative MRI scans showed uniform coagulation lesions
encompassing a significant part of the amygdala, hippo-
campus and parahippocampal gyrus (Fig. 3). The lesions
were characterised by typically heterogenecous signal
intensity on both TI1- and T2-weighted images. They
contained haemorrhagic foci. After gadolinium contrast
administration, peripheral ring enhancement occurred.
Small vasogenic oedema caused by the breakdown of the
blood-brain barrier was also typical. The size of lesions
was 48.3+£5.6 mm in their long axis and 20.5+3.6 mm in
their short axis. MR images 1 year after the procedure
showed post-necrotic oblong pseudocysts surrounded by
atrophic tissue with gliosis (Fig. 4). We did not find any
long-lasting vasogenic oedema or contrast enhancement on
the scans 1 year after surgery. The mean size of pseudocysts
was 32.2 mm in their long axis and 9.5 mm in their short
axis. Hippocampal volume reduction of 50% or more was
seen in 72% of all subjects, and amygdala volume reduction
of 50% or more was seen in 61% of all subjects. A volume
reduction in both structures of 50% or more occurred in
50% of the patients. The greater the destruction of the target
structures, the better the clinical outcome in the initial 18
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patients studied [11]. However, assessment of a larger
patient cohort has not confirmed this finding, and the
seizure outcome after SAHE was not worse even when
compared to microsurgical amygdalohippocampectomy
where more than 70% of the hippocampus was removed
in all studied patients; up to 50% of the amygdala was
removed in 60% of operated patients, and up to 70% of the
amygdala was removed in 30% of treated patients [12].

The extent of resection has been discussed in the
literature [1, 9, 13, 17, 22, 27, 32]. Wyler et al. [32]
expected optimal seizure outcomes from temporal lobe
resection if the majority or all of the hippocampus was
removed; however, the amount of the resected tissues in a
series varies considerably [16, 27]. A review and analysis
of 53 studies addressing the extent of resection for temporal
lobe epilepsy has been published by Schramm [21]. The
studies varied in the relationship between the extent of
mesial resection and freedom from seizures; most authors
found no positive correlation with larger mesial resection,
and seizure outcome in selective amygdalohippocampec-
tomy was similar to that of temporal anteromedial resection
[5, 21]. Our studies support these findings in that interrupt-
ing the connections in the network which build up the
seizures can lead to a cure even when the targeted structures
are not anatomically completely eradicated. However, more
studies are needed to answer the question about the role of
incompletely removed target structures in patients with
unsatisfactory outcome. It seems reasonable and beneficial
for the patient now to start with minimally invasive
treatment when the chances of a cure are comparable to
more extensive procedures. In case of insufficient effect, it
is always possible to make another more extensive
procedure.

In a series of selective amygdalohippocampectomy, there
was evidence for better neuropsychological outcome
compared to temporal lobe resection [21]. Neuropsycho-
logical outcome in our group of patients is being evaluated
and will be published separately.

As in other studies [4, 18], we also have not detected any
haemorrhage with permanent serious morbidity. The pro-
cedure was well tolerated by all patients, and the compli-
cations which followed the procedures were mostly minor
and reversible in all cases. The problem of broken electrode
tips is related to the repeated exsertion and withdrawal of
the active tip. In the beginning, we reused electrodes
repeatedly because their mechanical reliability was not
known. Now we know empirically that the electrode is
highly likely to break if more than 150 lesions are made
with exsertion and withdrawal of the string tip. An
electrode in our series broke when used with the fifth
patient. Therefore, electrodes should not be used for more
than three patients. Treating the electrode as a disposable
item for use with only one patient would be optimal and

safe because not more than 38 lesions were performed on a
single patient.

Conclusion

Stereotactic radiofrequency amygdalohippocampectomy is
a safe, minimally invasive method for the treatment of
mesial temporal lobe epilepsy. The clinical outcome is
comparable with classic microsurgical amygdalohippocam-
pectomy and can be considered as an alternative method to
an open surgery approach in selected patients with MTLE.
In those cases where SAHE has not achieved a satisfactory
result, there is still the opportunity to perform more
extended temporal anteromedial resection.
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Tempordalni epilepsie dospélych
a moznosti neurochirurgické lécby:
Uloha magnetické rezonance
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SOUHRN

Temporéini epilepsie je nejcastsjsim typem fokélni epilepsie u dospélych. Podle mista vzniku epileptické aktivity se rozdgluje na mesidlni temporélni
epilepsii a laterdlni neokortikalni temporélni epilepsii. Diagnéza tempordini epilepsie je stanovena na zékladé klinického projevu parcidlnich
komplexnich zéchvatd, skalp video EEG monitoringu, nélezu na magnetické rezonanci (MR) a inferiktaIni fluoro-deoxy-glukéza pozitronové emisni

amygdalohippokampekiomie, se v nasem epileptickém centru provédi rovn&z stereotaktické termokoagulagni amygdalohippokampektomie, kterd mé
pii dvouletém klinickém sledovani srovnatelné klinické vysledky s ohledem na redukei epileptickych zachvatt jako klasicka mikrochirurgickd lécba. MR
nemd vyznam pouze v diagnostice, ale i v neuronavigaci operacniho vykonu, perioperacni kontrole rozsahu vykonu a pooperaénim sledovani zejména
pii piipadném selhani chirurgické lécby.

Kli¢ova slova: temporalni epilepsie, chirurgie, stereotaxe, termokoagulace, magneticka rezonance.

SUMMARY

Malikova H, Lis¢ak R, Vojtéch Z, Prochazka T, Mare¢kova I, Dbaly V, Vymazal J, Kalina M, Viadyka V. Temporal lobe epilepsy in adults and
possibilities of neurosurgical treatment: the role of magnetic resonance

Temporal lobe epilepsy is the most common type of focal epilepsy diagnosed in adult patients. According to the location of seizure generation it
is classified as mesial temporal lobe epilepsy and neocortical lateral lobe epilepsy. Diagnosis of temporal lobe epilepsy can be proved by the
combination of the clinical manifestation of partial complex seizures, scalp-video EEG monitoring, results of magnetic resonance imaging (MRI)
and imaging of interictal fluoro-deoxy-glucose positron emission tomography. Mesial temporal sclerosis is the most common finding on MRI.
Temporal lobe epilepsy is the most surgically amenable diagnosis and results of surgery treatments are clearly superior to the prolonged medical
therapy; surgical treatment of the mesial temporal epilepsy with mesial temporal sclerosis has the best clinical results. Except for standard
microsurgical approaches such as anterior temporal resection and selective amygdalo-hippocampectomy, stereotactic thermocoagulation
amygdalo-hippocampectomy is provided in our epilepsy centre. This alternative approach has comparable clinical outcome to the standard
surgery approaches in 2 years clinical follow-ups. MRI is important not only in diagnostic procedures, but also in neuronavigation of surgery
approaches, per operation control of the extent of resections and postoperative follow-ups, especially in failed epilepsy surgery.

Key words: temporal lobe epilepsy, surgery, stereotactic, thermocoagulation, magnetic resonance. Ma.
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TEMPORALNI EPILEPSIE

Epilepsie je onemocnéni definované opakovanymi epilep-

Temporalni epilepsie (TLE) je nejCastéjSim typem fokalni
epilepsie u dospélych pacientll. TLE je klasifikovana jako lo-
kalizacné vazany epilepticky syndrom a je obvykle rozdélo-

tickymi zachvaty. Ackoliv prevalence epilepsie v populaci je
odhadovana na 1,3-3,1 %, jeden epilepticky zachvat v zivo-
té prodéla asi 1-10 % populace (1).
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vana na dvé kategorie: mesialni temporalni epilepsie (MTLE)
a lateralni neokortikalni temporalni epilepsie (NTLE) (2).
U MTLE zachvaty vychazeji z medialnich struktur temporal-
niho laloku, u NTLE jsou zachvaty generovany lateralnim ne-
okortexem. OvSem mezi obéma typy TLE se vyskytuje urcity
pfesah v symptomatologii, Ié¢bé a etiologii zachvatl (3). Po-
kud nejsme schopni pomoci magnetické rezonance (MR) zo-
brazit jasnou patologii, pak bez moznosti invazivniho EEG-mo-
nitoringu neni mozné oba typy TLE uspokojivé rozliSit (4).
Nejcastgji MR detekovanym substratem u MTLE je mesialni
temporalni skler6za (MTS) (obr. 1). MTLE s MTS (5, 6) je chi-
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Obr. 1. Levostranna MTLE s MTS
Levy hippocampus je mensi a na T2 WI ma zvySeny signal.

rurgicky nejlépe léCitelny typ epilepsie a vysledky neurochi-
rurgické terapie jednoznacéné prevysuji dlouhodobou farma-
kologickou lé¢bu (7, 8). Po chirurgické Ié¢bé dochazi k dlou-
hodobému odstranéni zachvatl pfiblizné v 70 % pfipadu (9,
10). Histologické zpracovani resekovanych mesialnich struk-
tur prokazalo ubytek a reorganizaci neuron( a gliové zmény
(11, 12). Studie Lencze et al. prokazala, ze neuronalni uby-
tek v oblasti hipokampalni formace signifikantné koreluje s po-
klesem objemu hippocampu (13). Jini autofi prokazali, ze at-
rofie hippocampu koreluje s pooperaéni redukci i
odstranénim epileptickych zachvatd (14). Strukturalni a elek-
rofyziologické zmény u MTLE jsou sice nejlépe poznany a po-
psany v oblasti hipokampalni formace, avSak u MTLE docha-
zi k rozsahlejSimu postizeni, které se tyka rovnéz dalSich
medialnich struktur temporalniho laloku. Medialni temporalni
lalok u ¢lovéka se sklada kromé hippocampalni formace jes-
té z amygdaly, kterd anatomicky patfi mezi bazalni ganglia,
ale funkéné se fadi k limbickému systému a z okolnich korte-
xU: entorhinalniho kortexu (EC), perirhinalniho kortexu (PRC),
parahipokampalniho kortexu a temporopolarniho kortexu (15).

ZOBRAZOQVACI METODY V DIAGNOSTICE
TEMPORALNI EPILEPSIE

V soucasné dobé je MR jisté nejvyznamnéjsi zobrazovaci
metodou v diagnostice TLE. Standardni epileptologicky pro-
tokol pouzivany na naSem pracovisti se sklada z nasledujicich
sekvenci: TSE T2/PD WI axialné, T2* axialné, T1 MPR 3D,
T2 WI turbo FLAIR axialné a koronarné, TSE T2 WI koronar-
né; koronarni roviny zasazujeme kolmo na dlouhou osu hip-
pocampu s maximalnim usilim o zachyceni celého rozsahu
amygdalohipokampalniho komplexu (AHK).

Jak uz bylo zminéno vyS$e, nejCastéjSim patologickym sub-
stratem nachazenym na MR je MTS. MTS ¢&i rovnéz hipo-
kampalni skler6za se projevuje zmensenym objemem hipo-
kampalni formace s naslednou dilataci temporalniho rohu
postranni komory a zvySenym signalem na T2 WI (12). Zvy-
Seny signal na T2 vazeni je odrazem pfitomné astroglizy,
ubytku neuron( a jejich reorganizace. Volumetricka data pro-
vadéna u pacientll s MTLE odhalila rovnéz zmény v objemech
amygdaly, PRC a EC (16). Rovnéz neuropatofyziologickéa vy-

CASOPIS LEKARU CESKYCH 2011; 150 (4-5)

—¢—

Setfeni resekénich vzork( potvrdila histologické zmény ve
smyslu astrogliézy a neurondlni ztraty v EC (17). Na MR
spektroskopii maji u MTLE postizené struktury snizenou hla-
dinu N-acetylaspartatu (NAA) (18).

Funkéni zobrazovani, jakozto vyznamna souc¢ast diagnosti-
ky MTLE, si také zaslouzi kratké pfedstaveni. Fluoro-deoxy-
glukdza pozitronova emisni tomografie (FDG-PET) mozku vy-
kazuije interiktalni hypometabolismus pfiblizné u 80 % pacientu
s MTLE. Bylo prokazano, ze tento hypometabolismus posti-
huje oblast $irsi, nez je vlastni epileptogenni zéna (19). Acko-
liv specificita FDG-PET je nizka, senzitivita je natolik vysoka,
Ze néktefi autofi zpochybnuji diagnézu MTLE pfi absenci FDG-
PET pozitivity. Odhaduje se, ze asi 30 % MTLE nema znam-
ky zjevné MTS na standardnim MR vyS$etfeni. Patofyziologic-
ky zédklad FDG-PET hypometabolismu neni sice objasnén, ale
jasné je, ze FDG-PET hypometabolismus excelentné koreluje
s MTS zobrazenou na MR v urCeni lateralizace epileptickeé zo-
ny. Rada studii se ovdem shoduje v nazoru, ze zavaznost hy-
pometabolismu slabé nebo vibec nekoreluje s MR volumetrii
(20, 21). Carne et al. nalezli v zaslepené vizualni analyze roz-
séhlejSi hypometabolismus v oblasti temporalniho laloku u pa-
cientd na MR MTS negativnich nez u pacientti na MR MTS po-
zitivnich (22). Uskalim této studie byla samozfejmé vizualni
analyza, bez pfitomnosti objektivnéjsi kvantifikace.

Z divodu vySe zminéného prekryvani symptomatologie,
etiologie a l1éCby TLE néktefi autofi (23) preferuji jiné rozliSe-
ni TLE do vice kategorii na a) mesialni temporalni epilepsii ro-
zumeéno s pfitomnosti MTS, b) na kryptogenni TLE bez pfi-
tomnosti jakékoliv detekovatelné 1éze na MR a na c) lesionalni
TLE s detekci jiné patologie na MR nez je MTS. V pfipadé
lesionalni TLE jsou neoplazie zodpovédné za asi 10-15 %
TLE, vrozené vyvojové vady za pfiblizné 20 % a konec¢né trau-
mata za asi 5-10 % TLE (11). K uplnému dokresleni slozi-
tosti diagnostiky TLE je nutné zminit rovnéz dualni patologie
pfitomné soucastné s MTS, tedy moznost dalSiho patologic-
kého fokusu, ktery je schopen generovat epileptické zachva-
ty. Dualni patologie u TLE se vyskytuji pfiblizné v 15 % pfi-
padl a mdze se jednat o vrozené vyvojové vady, jako jsou
poruchy organizace a diferenciace (dyplazie a dystopie Sedé
hmoty), cévni malformace (kavernomy a arteriovendzni mal-
formace) a jiné pficiny jako napf. tumory (24). Pfitomnost du-
alni patologie a jeji klinické podcenéni ¢i nediagnostikovani
muze byt pfi¢inou selhani epileptochirurgické Iécby.
metod v prikazu TLE, nelze se spolehnout pouze na ni. Klinic-
ka diagndza TLE se opira o komplexni vySetfovaci protokol,
ktery kromé MR zahrnuje FDG-PET a video-EEG monitoraci.
Pokud tyto vySe zminéné metody nejsou ve svych vysledcich
v souhlase, pak se protokol nezfidka dopliuje jesté invazivni
EEG monitoraci stereotakticky zavedenymi hlubokymi elekiro-
dami k rozliseni obou typl TLE. Nezbytnou soucasti epilepto-
logické diagnostiky je rovnéz neuropsychologické vySetfeni
a zejména pfed planovanym epileptochirurgickym vykonem
i WADA testy s intraarteridInim podanim methohexicalu.

MOZNOSTI CHIRURGICKE LECBY
TEMPORALNI EPILEPSIE

Resekce temporalniho laloku byly po fadu let nejastéji pou-
zivanou chirurgickou lé¢bou TLE. Standardni predni tempo-
ralni lobektomie (ATL), jak byla popsana Spencerem a Inser-
nim, zahrnuje obvykle resekci hippocampu, amygdaly
a parahipokampalniho gyru véetné lateralniho neokortexu
3-3,5 cm od temporalniho pélu se zachovanim horniho tem-
poralniho gyru (25). Tento typ resekce se pouziva u obou ty-
pt TLE. Je znamo, ze po temporalnich resekcich ¢asto do-
chazi ke zhorSeni neuropsychologickych funkci (26, 27), coz
je jednim z hlavnich ddvodi, pro€ se po léta hledaji nové te-
rapeutické moznosti a pfistupy, jejichz cilem je co mozna nej-
SetrngjSi a nejselektivnéjsi zakrok v oblasti temporalniho la-
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loku u pacientt s MTLE. Jiz v roce 1958 Niemeyer pfedstavil
selektivni transkortikalni amygdalohipokampektomii (AHE)
(28). Cilem tohoto chirurgického pfistupu bylo odstranit me-
sialni struktury temporalniho laloku, tj. hippocampus, amyg-
dalu a ¢ast parahipokampalniho gyru, a co nejvice minimali-
zovat neokortikalni resekci. Po Niemeyerovi, Yasargil et al.
navrhli strikiné mesialni typ resekce transsylvijskym pfistupem
(29). V literature se objevila fada studii, které potvrzovaly srov-
natelné klinické vysledky s ohledem na kontrolu epileptickych
zachvatl po ATL i AHE (25, 30-33). Ovsem v literature rov-
néz bylo popsano, Ze diky kolateralnim poopera¢nim zménam
je AHE méné selektivni, nez se oCekavalo (34). Ve studiich
srovnavajici neuropsychologické postoperaéni vysledky po
ATL a AHE bylo zjevné prokazano, ze neuropsychologické vy-
sledky jsou po AHE lepSi nez po ATL (30-33).

| pfes Uspéch neurochirurgické klasické resekéni [éCby se
po desetileti hledaji nové minimalné invazivni metody lécby
MTLE, které by dale zvysily selektivnost vykonu a celkovy
komfort pacienta. Pokusy se stereotaktickou Ié¢bou MTLE se
objevuji jiz od padesatych let 20. stoleti. Prikopnici stereo-
taktické AHE narazeli v téchto pionyrskych dobach na fadu
uskali, jakym byla zejména nemoznost pfimé vizualizace
struktur, které se pokouseli terapeuticky postihnout. Metodo-
logie téchto prvnich operaci byla zaloZzena na stereotaktickém
zaméreni cilové struktury pomoci anatomickych stereotaktic-
kych atlasu a grafickych obraz(i ziskanych ventrikulografii. Lo-
gickou konsekvenci této metodologie bylo, Ze cilové struktu-
ry byly ¢asto stereotaktickym instrumentariem minuty. Kromé
toho Ié¢ba narazela i na nedostate¢nou diagnostiku MTLE, tu-
diz fada pfipadl byla jisté poddiagnostikovana. Dusledkem
vySe zminénych uskali bylo ¢asté selhani této 1é¢by, jejiz vy-
sledky nedosahovaly Urovné klasické chirurgické lécby. K pra-
kopnikdm stereotaktickych neurochirurgickych metod ve své-
té patfi Talairach (35-37) a rovnéz Cesky neurochirurg
a propagator stereotaktické lé¢by v nasich zemich Vladyka
(88). Talairach et al. provadéli stereotaktické 1éze pomoci bra-
chyterapie. Vladyka se touto metodou inspiroval, ale zvolil ok-
cipitalni pfistup s jednou trajektorii probihajici v dlouhé ose
hippocampu a misto brachyterapie zvolil termokoagulaci
amygdalohipokampalniho komplexu (AHK) (38).

K stereotaktické radiofrekvencni AHE se v roce 1999 vra-
tili Parrent a Blume, ktefi jiz disponovali veSkerymi diagnos-
tickymi moznostmi. Tito autofi provedli 22 stereotaktickych
operaci u 19 pacientd. Parrent a Blume pouzivali lateraini
(temporalni) pfistup s fadou trajektorii a termokoagulaéni 1é-
ze provadéli rovnou a zakfivenou sondou. Jejich klinické vy-
sledky Ié¢by byly celkové neuspokojivé: pouze pfiblizné 10 %
pacientl bylo po Ié¢bé bez pfitomnosti epileptickych zachva-
tl. Z tohoto dlivodu od Ié¢by ustoupili (39).

V na8i nemocnici se stereotakticka radiofrekvenéni AHE
(SAHE) provadi od roku 2004. Nasi neurochirurgové zvolili
oproti Parrentovi a Blumovi jinou pfistupovou cestu z okcipi-
talni krajiny a termokoagulacni |éze provadéji pouze z jedné
trajektorie v dlouhé ose AHK. K této technice je ovSem tfeba
specialni instrumentarium, u kterého ma termokoagulaéni
elektroda flexibilni konec, jenz umoznuje v jednom segmen-
tu provadét nékolik 1ézi. Klinicky je tato modifikovana 1é¢ba
Uspésna a klinické vysledky po dvouletém sledovani jsou srov-
natelné s otevienymi mikrochirurgickymi pfistupy (40—42).

U lesionalnich typa TLE (tumory, malformace atd.) je chirur-
gicka lécba modifikovana dle velikosti a typu patologické 1éze.

MOZNOSTI PERIOPERACNI
A POSTOPERACNI MR

Je znamym faktem, Ze rozsah resekce se u takzvanych
standardnich operaci zna¢né liSi mezi jednotlivymi epileptic-
kymi centry i uvnitf center samotnych. Rovnéz je znamé, ze
jedna véc je zamysleny rozsah resekce a druha opravdovy
rozsah vykonu (43).
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Obr. 2. Planovani trajektorie SAHE

a — jedind trajektorie SAHE je planovana z okcipitalniho pfistupu tak,
aby prochazela sttedem AHK a ventralné zacinala v oblasti amygdaly;
b — ilustraéni obrazek stereotaktického ramu s vyznacenim mista ,entry*

Obr. 3. Fuze optické traktografie do neuronavigaéniho vySetreni pfed
pravostrannou ATL

Rozvoj MR vyrazné zlepSil pfesnost a efektivnost neuro-
chirurgickych vykonl obecné. Jeji vyznam nespociva pouze
v diagnostickém vySetfeni, ale rovnéz v moznosti zamérova-
cich vySetfeni, které jsou pouzivany pro planovani a vlastni
provedeni chirurgickych vykon( za pouziti neuronavigaénich
neurochirurgickych a stereotaktickych systém0. VeSkeré neu-
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Obr. 4. Perioperac¢ni MR

a — vySetfeni v TSE T2 WI koronarni roviné, b — vySetreni stejnou
sekvenci v transverzalni roviné (zobrazen je Cerstvy operacni defekt
po pravé provedené ATL vpravo vyplnény tekutinou a vzduchem)

rochirurgické operace jsou v souc¢astné dobé provadény pod
kontrolou neuronavigaéniho systému, ke kterému je obvykle
pouzivano T1 MPR 3D zobrazeni po aplikaci gadoliniové kon-
trastni latky intravendzné.

SAHE je planovana a provadéna podle individualni anato-
mie pacienta, tj. dle zaméfovaciho postkontrastniho T1 3D vy-
Setfeni (obr. 2). V praxi to znamend, ze MR vySetfeni je pro-
vadéno pfimo se stereotaktickym ramem pfipevnénym na
hlavé pacienta. Planovani trajektorie termokoagulace je pak
vysoce pfesné a minuti cilovych struktur je prakticky nemoz-
né (40-42).

Pfed operacemi temporalniho laloku je v sou¢asné do-
bé na naSem pracovisti provadéna i opticka traktografie,
ktera je nasledné fuzovana do naviga¢niho T1 MPR 3D vy-
Setfeni (obr. 3). Domnivame se, Ze timto postupem bude-
me schopni omezit procento pooperaéniho postizeni zra-
kového pole, které nebyva po operacich temporaini laloku
vzacné. Rozsah resekce temporalnich struktur je rovnéz
v soucasné dobé (tj. od 9/2010) v nasem epileptickém cent-
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Obr. 5. Cerstvéa termokoagulaéni Iéze po SAHE (odstup 4 dny po vy-
konu)

V koronarni roviné v TSE T2 WI je pfitomna prstencovita kulovita ter-
mokoagulaéni 1éze s malym vazogennim perifokalnim edémem po-
stihujici levy AHK.

Obr. 6. Posttermokoagulaéni pseudocysta po probéhlé SAHE
(zobrazena drobna postnekroticka pseudocysta v medialnim tempo-
ralnim laloku vlevo s vyraznou okolni atrofii — koronarni rovina TSE
T2 a FLAIR)

ru kontrolovan pfimo na operac¢nim sale perioperacni MR
(obr. 4).

Kontrolni MR vySetfeni po neurochirurgickych vykonech je
provadéno standardné v odstupu jednoho roku, pokud to Kli-
nicky stav nevyzaduje dfive. Vyjimkou jsou pacienti po SAHE,
u nichz je provadéna ¢asna MR kontrola 2.—6. den po vykonu.
Na ¢asné pooperacni kontrole se na MR zobrazuje uniformni
termokoagulaéni léze (obr. 5), ktera postihuje oblasti hippo-
campu, amygdaly a ¢aste¢né i parahipokampalniho gyru. Tato
léze je typicky heterogenniho signalu na T1i T2 WI a obsahu-
je hemoragické slozky. Po intravendzni aplikaci gadoliniové kon-
trastni latky dochazi k jemnému perifernimu prstencovitému sy-
ceni pfi poruSse hematoencefalické bariéry. Typicky je maly
vazogenni perifokalni edém. Béhem jednoho roku se vytvofi
nevelka postnekroticka pseudocysta (obr. 6) obklopena atro-
fickou tkani a gliézou. Cilové struktury, tj. hippocampus, amyg-
dala a EC a PRC, jsou redukovany pfiblizné z 50 % (40, 41).

P¥i selhani chirurgické Ié¢by se v zobrazeni MR zaméfuje-
me na rozsah resekce €i termokoagulace, ackoliv se fada au-
torl domniva, ze rozsah resekce/termokoagulace u MTLE ne-
ni podstatna pro klinicky efekt operace (43, 44). V pfipadé
lesiotomie patrame po moznych zbytcich patologického lo-
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ziska Ci lozisek. Jak jiz bylo zminéno vySe, moznou pfi¢inou
selhani epileptochirurgické 1é¢by maze byt i dudini patologie,
ktera nebyla v¢éas odhalena.

ZAVER

Zavérem lze fici, ze uloha MR v epileptologii je strategic-
ka. MR nema vyznam pouze v diagnostice epileptogennich lé-

zi, al

le i v neuronavigaci opera¢niho vykonu, perioperacni kon-

trole rozsahu vykonu a poopera¢nim sledovani zejména pfi
pfipadném selhani chirurgické 1é¢by.

FLAI

— trojrozmérna
— amygdalohipokampektomie
— amygdalohipokampalni komplex
— predni temporalni lobektomie
— entorhinalni kortex
— elektroencefalografie
— fluorodeoxyglukéza
R — fluid-attenuated inversion recovery

MPR — multiplanarni rekonstrukce
MR — magneticka rezonance
MTLE — mesialni temporalni epilepsie

MTS — medialni temporalni skleréza

NTLE — neokortikalni lateralni temporalni epilepsie
PET — pozitronova emisni tomografie

PRC — perirhinalni kortex

SAHE — stereotaktickd amygdalohipokampektomie
SE — spin-echo

SPECT — jednoprotonova emisni tomografie

T1 WI — T1 vazené obrazy

T2 WI — T2 vazené obrazy

TLE — temporalni epilepsie

TR — time-to-repeate

TSE — turbo-spin-echo

WADA test — intracarotid sodium amobarbital procedure
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Summary Stereotactic radiofrequency amygdalohippocampectomy (AHE) has been reintro-
duced as an alternative treatment of mesial temporal lobe epilepsy. The aim of this study was
to describe MRI changes after stereotactic AHE and to correlate the hippocampal and amygdalar
volumes reduction with the clinical seizure outcome.

Eighteen patients after stereotactic AHE were included. Volumetry was calculated from pre-
operative MRl and from MRI obtained 1 year after the operation. The clinical outcome was
examined 1 and 2 years after the treatment.

Hippocampal volume decreased by 54 + 19%, and amygdalar volume decreased by 49 + 18%.
One year after the procedure, 13 (72%) patients were classified as Engel’s Class | (9 as Class
IA), 4 (22%) patients as Class Il and 1 (6%) patient as Class Ill. Two years after the operation,
14 patients (82%) were classified as Class | (7 as Class IA) and 3 patients (18%) as Class Il. We
found 3 surgical complications after the procedure: one small subdural hematoma, and twice
a small electrode tip left in operation field (these patients were excluded from the study). In
3 patients, temporary meningeal syndrome developed.

Results of radiofrequency AHE are promising. The volume reduction of target structures after
AHE is significantly related to the clinical outcome.
© 2008 Elsevier B.V. All rights reserved.
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Introduction

Temporal lobe epilepsy (TLE) is classified as a localization-
related epileptic syndrome (Commission on Classification
and Terminology of the ILAE, 1989), and is usually divided
into two categories: mesial temporal epilepsy (MTLE) and
lateral temporal neocortical epilepsy (NTLE). However,
there is a marked overlap in etiologies, symptomatology and
treatment (Shorvon, 2004). In the absence of MRI detectable
pathology, it is difficult to non-invasively distinguish MTLE
from NTLE (Madhavan and Kuzniecky, 2007). The most com-
mon substrate for MTLE is mesial temporal sclerosis (MTS).
MTLE with MTS (Engel, 1996; Sadler, 2006) is the most surgi-
cally amenable epilepsy diagnosis and the results of epilepsy
surgery are clearly superior to prolonged medical therapy
(Wiebe et al., 2001; Spencer et al., 2003), with a seizure-
free outcome in approximately 70% of cases (MclIntosh et
al., 2001; Spencer, 2002; Wieser et al., 2003). In a compara-
ble population treated conservatively from a tertiary center
only 11% of patients with MTS was seizure-free in the past
year (Dlugos, 2001).

Nowadays, the most important imaging method in eval-
uation of MTLE is MRI. MTS causes increased T2 weighted
signals in mesial temporal lobe structures and decreased
size of the hippocampal formation (Fig. 1) (Babb et al.,
1984). Analysis of the resected tissue shows neuronal loss,
gliosis and also neuronal reorganization (Babb et al., 1984;
Babb and Brown, 1987; Spencer and Inserni, 1991). Lencz
et al. (1992) showed that neuronal loss from the resected
hippocampus correlates significantly with decreased hip-
pocampal volume on MRI. Hippocampal atrophy is also
correlated with seizure control after surgery (Jack et al.,
1992; Kuzniecky et al., 1993).

Figure 1 Left MTS: left hippocampus is smaller than right
hippocampus and has higher signal on T2WI (TSE T2WI coronal
plane).

Anterior temporal lobectomy (ATL) or selective amyg-
dalohippocampectomy (AHE) are the most common surgery
for intractable MTLE. Standard ATL usually involves resec-
tion of amygdala, hippocampus and parahippocampal gyrus,
with a resection line in the temporal neocortex extending
3—3.5cm from the temporal tip (Spencer and Inserni, 1991).
AHE is a selective removal of the medial structure of tempo-
ral lobe with sparing lateral neocortex (Wieser and Yasargil,
1982; Wurm et al., 2000; Wieser et al., 2003).

Selective AHE was introduced by Niemeyer (1958). The
goal of this procedure is to remove the medial structures
of the temporal lobe: amygdala, hippocampus and parahip-
pocampus, while minimizing neocortical resection. Several
studies stated comparable seizure control after ATL and
after selective AHE (Spencer and Inserni, 1991; Yasargil et
al., 1993; Engel et al., 1993; Olivier et al., 1994). Other
studies revealed better postoperative neuropsychological
results after limited resections compared with standard ATL
(Spencer and Inserni, 1991; Yasargil et al., 1993; Clusmann
et al., 2002; Lacruz et al., 2004; Hamberger and Drake,
2006). There is, however, evidence that due to collateral
damage, selective surgery can be less selective than sug-
gested (Helmstaedter et al., 2008).

Despite the high success rate of the standard epilepsy
surgery, novel surgical therapies for MTLE have been eval-
uated (Polkey, 2003; McKhann, 2004). Efforts to perform
stereotactic epilepsy surgery have been made since the
fifties. However, the methodology was limited by the
inability of pre-operative evaluations to visualize target
structures. The operation was at first based on stereotac-
tic coordinates from anatomical atlas and ventriculography.
Therefore, amygdalohippocampal complex (AHC) was often
missed. Moreover, due to insufficient diagnostic work-up
some cases were misdiagnosed. As a consequence, the
clinical outcome was not satisfactory in the pioneer days
of stereotactic epilepsy surgery (Talairach et al., 1974;
Vladyka, 1978).

Stereotactic radiofrequency AHE, as an alternative ther-
apy of MTLE, was reintroduced in a modern setup by the
London—Ontario group (Parrent and Blume, 1999). How-
ever, the clinical outcomes were inferior to open surgical
ATL (Parrent and Blume, 1999). In our hospital, stereotactic
radiofrequency AHE has been used since 2004. First promis-
ing results have been already published (Kalina et al., 2007).

The aim of this study was to describe MRI changes after
stereotactic AHE, to analyze the reduction of hippocam-
pal and amygdalar volumes and its relation to the clinical
outcome with respect to seizures.

Materials and methods

We retrospectively reviewed all medical records and MRI evaluations
in patients, who underwent stereotactic radiofrequency AHE during
the period 2004—2006.

Patient selection

Twenty consecutive patients with intractable MTLE underwent
stereotactic AHE at the Stereotactic and Radiation Neurosurgery
Department of Na Homolce Hospital, Prague, Czech Republic. Pre-
operatively, all patients were evaluated according to the standard
protocol (MRI, FDG-PET, video-scalp EEG, Wada test using metho-
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Table 1 Diagnostic characterization of included subjects.

Subject Age Sex Treated side MRI FDG-PET Video-scalp EEG Intracranial video EEG SPECT
1 27.5 F L L-MTS L Bilateral L —
2 64.7 F L L-MTS L L — —
3 29.5 M L L-MTS L L — —
4 36.4 M L L-MTS L L — —
5 19.9 F L L-MTS L L — —
6 384 M L Negative L L = —
7 28.1 F L L-MTS L L — —
8 43.2 F L L-MTS L L — —
9 47.5 M L Bilateral MTS L L — —

10 57.8 M L L-MTS Bilateral R L —

11 329 F L Negative L L — —

12 59.9 M L L-MTS L L — —

13 35.6 F L L-MTS L L — —

14 50.3 M L L-MTS L L — —

15 33. M R R-MTS R R — -

16 20.5 B R R-MTS Bilateral Bilateral R R

17 493 M R R-MTS R R — —

18 36.3 M R R-MTS R R — -

R=right, L=left, FDG-PET and SPECT—temporal hypometabolism, video-scalp EEG and intracranial video EEG—ictus onset.

hexical and neuropsychological assessment). In addition, 3 patients
underwent invasive intracranial video EEG recordings and one
SPECT. Most of included subjects had concordant MRI, FDG-PET and
EEG results. See also Table 1 for more details.

Follow-up MRI scans were performed in the following intervals:
3—7 days, 6 months, 12 months and 2 years after the operation.

Technique of stereotactic radiofrequency AHE

For the surgical procedure, the Leksell stereotactic system was
used. The coordinate frame was attached to the patient’s head
under local anesthesia. MRI with an indicator box using 1T whole
body MR system with a three-dimensional volume acquisition
sequence with intravenous contrast enhancement to visualize cor-
tical vessels, were performed. Single trajectory along the long axis
of the hippocampus was planned on Surgi Plan (Elekta Instruments,
Sweden). Entry point was placed in the occipital region to avoid cor-
tical vessels being captured on MRI, and a percutaneous drill-hole
under local anesthesia was performed. The target point of the tra-
jectory was placed in the amygdala with maximal efforts to avoid
ependymal surface of the ventricle. Thermo-coagulation of AHC was
planned according to individual anatomy of the patient. Stereo-
tactic AHE was carried out by string electrode with 10 mm bold
active tip, and 17—30 (median 24) lesions were done using Neuro
N50 (Fischer-Leibinger, Germany) system in all patients along the
32—37mm (median 35mm) trajectory in AHC. Local temperature
was 75 or 88 °C depending on probe thickness. After the procedure,
patients were hospitalized at a standard neurological ward.

MRI methods

MRI evaluations were performed on a 1T whole body MR system
(Magnetom, Siemens). In addition to common sequences (TSE T2/PD
WI axial, T2WI turbo FLAIR axial and coronal, TSE T2WI coronal
and SE T1WiI sagittal plane), a three-dimensional volume acquisition
sequence (FLASH 3d, TR 25ms, TE 5 ms, flip angle 37°, slice 1.3 mm,
matrix size 256 x 256) were obtained. We provided MRI volumetry
of the hippocampus and the amygdala from the pre-operative MRI
and from MRI obtained 1 year after the therapy.

Hippocampal and amygdalar volumes were measured accord-
ing to a well-defined protocol (Cook et al., 1992; Watson et al.,
1997). Right and left hippocampal volumes were measured sep-
arately from MRI scans obtained before stereotactic treatment
and 1 year after treatment. One experienced rater, who was
blinded to all clinical information, did each measurement twice
and mean value of these measurements was used for the analysis.
Anatomical hippocampal boundaries were determined on the fol-
lowing criteria (MacMaster and Kusumakar, 2004): The appearance
of the mammillary bodies was used as a landmark to demarcate
roughly where the amygdala starts to appear as one moves to
the anterior of the brain from the posterior. As slices move ante-
riorly, amygdala gray matter begins to extend superior to the
hippocampus with good resolution, the lateral ventricle can be
seen between the hippocampus and amygdala. Sagittal views aided
in this demarcation. The posterior border was demarcated by the
clearest appearance of the fornix. The lateral border was defined
by the temporal horn of the lateral ventricle and/or the white
matter adjacent to the hippocampal gray matter. The inferior bor-
der was demarcated by the white matter of the parahippocampal
gyrus.

We were not able to perform parahippocampal volumetry due
to postoperative changes, which disabled precise segmentation of
parahippocampus.

Clinical outcome with respect to seizures

The clinical outcome was assessed 1 and 2 years after the stereo-
tactic operation.

Outcome data were classified using Engel’s classification (Engel
et al., 1993):

Class |—seizure-free: (A) Completely seizure-free since surgery;
(B) aura only since surgery; (C) some seizures after
surgery, but seizure-free for at least 2 years; (D) atypical
generalized convulsion with antiepileptic drug withdrawal
only.

Class Il—rare seizures: (A) Initially seizure-free but has rare
seizures now; (B) rare seizures since surgery; (C) more
than rare seizures after surgery, but rare seizures for at
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Figure 2

Early postoperative MRI: the typical thermo-coagulation lesion encompassing AHC (left panel: TSE T2WI coronal plane;

middle panel: post-contrast SE T1WI coronal plane; right panel: post-contrast SE T1WI sagittal plane).

least 2 years; (D) nocturnal seizures only, which cause no
disability.

Class Ill—worthwhile improvement: (A) Worthwhile seizures reduc-
tion; (B) prolonged seizure-free interval amounting to
greater than half the follow-up period, but not less than
2 years.

Class IV—no worthwhile improvement: (A) Significant seizure
reduction; (B) no appreciable change; (C) seizures worse.

Statistics

The intraobserver variability (repeatability) of the hippocampal
volume quantification was assessed from the twins of the volume
calculations in both unaffected and diseased hippocampi and amyg-
dalas before and 1 year after the procedure. Repeatability was
expressed as a coefficient of variation (CV) of 2 repeated mea-
surements for each subject and was calculated using the formula
CV=|x1 — X2|-4/2/(x1 + x2)-100, i.e. sample-based standard devia-
tion divided by the mean of both measurements. Paired Student’s
t-test was used to estimate the significance of the hippocampal and
amygdalar volumes reduction after the procedure. p-Value <0.05
was considered as statistically significant. Data are presented as
mean + SD.

Results

Twenty subjects (11 males and 9 females) were treated
by stereotactic radiofrequency AHE. Two subjects were
excluded because of a recent contraindication of MRI (a
small tip of electrode left in operation field). We included
18 patients (10 males and 8 females—aged 39.5 + 3.1 years)
into the study. Four of them underwent right-sided proce-
dure, others left-sided. Most of included subjects had MRI,
FDG-PET and EEG recordings concordant evaluations, for
details see Table 1. Volumetry had low variability in our
hands: coefficient of variation of the volumetric calculations
was 5.2%.

MRI description of lesions

The early postoperative MRI scans showed quite uniform
coagulation lesions encompassing the region of amygdala,
hippocampus and parahippocampal gyrus (Fig. 2). The
lesions were characterized by typically heterogeneous sig-
nal intensity on both T1 and T2 weighted images. They
contained hemorrhagic foci. After gadolinium contrast

administration, peripheral ring enhancement occurred.
Small vasogenic edema caused by the breakdown of the
blood—brain barrier was also typical. The size of lesions was
48.3 £5.6 mm in their long axis and 20.5+ 3.6 mm in their
short axis. During the year, the post-necrotic oblong pseudo-
cysts developed, surrounded by atrophic tissue with gliosis
(Fig. 3). We did not find any long lasting vasogenic edema nor
contrast enhancement on the scans 1 year after surgery. The
mean £ SD size of pseudocysts was 32.2 +3.4mm in their
long axis and 9.5+2.5mm in their short axis. The size of
pseudocysts did not change during the second year of the
follow-up.

MRI volumetry data

Right-sided procedures (4 patients): before the operation,
the size of the treated hippocampus was 1.90+0.59 cm3
(median 1.84), and the size of the right amygdala was
1.774+0.20cm?® (median 1.80). One year after the proce-
dure, the hippocampus size was 0.93 £0.37cm?® (median
1.07), and the size of the right amygdala was 0.91 +0.33 cm’®
(median 0.94). Therefore, the size of the right hippocampus
decreased 1 year after the procedure by 48 +29%, and the
size of the right amygdala decreased by 49 &+ 16% (statis-
tical significance was not calculated because only 4 cases
were available). Left hippocampal and amygdalar volumes
did not change after the operation. See also Table 2 for more
details.

Left-sided procedures (14 patients): before the
operation, the size of the treated hippocampus was
2.05+0.72cm?® (median 1.96), and the size of the left
amygdala was 2.03+0.47cm® (median 1.94). Eleven
patients from this group had MRI diagnosis of MTS, 2
patients were MRI negative a 1 patient had MRI bilateral
MTS. One year after the procedure, left hippocampal
volumes decreased to 0.90+0.50cm?® (median 0.71)
(the volume reduction by 56 +16%), p<10~. One year
after the operation left amygdalar volumes decreased
to 1.06+0.54cm?® (median 0.86) (the volume reduction
by 49+19%), p<10~7. Right hippocampal and amygdalar
volumes did not change after the operation. See also Table 2
for more details.

The hippocampal volume reduction by 50% and more was
seenin 72% of all subjects, and the amygdalar volume reduc-
tion by 50% and more was seen in 61% of all subjects. The
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Figure 3  MRI 1 year after the stereotactic operation shows a typical post-necrotic pseudocyst (left panel: TSE T2WI coronal plane;

right panel: SE T1WI sagittal plane).

volume reduction of both structures by 50% or more occurred
in 9 of 18 patients (50%).

Clinical outcome with respect to seizures

One year after the operation, 13 patients (72%) were clas-
sified as Class | (9 patients as Class IA), 4 patients (22%)
as Class Il, and 1 patient (6%) as Class Ill; this patient was
re-operated by the same method and excluded from the
second year of the clinical follow-up. Two years after the
operation, 14 patients (82%) were classified as Class | (7

patients as Class IA), and 3 patients (18%) were reported
as Class Il. See also Table 3 for more details. (Two excluded
patients were clinically evaluated as Class I/1 and Class Il/Il,
respectively.)

Complications of the procedure

There was zero procedure-related mortality.

Two excluded patients not amenable for MRI follow-up
had a small tip of electrode left in operation field (after this
experience repeated usage of electrodes were limited). In

Table 2 Hippocampal and amygdalar volumetry.

Subject Treated side

Hippocampal volume (cm?)

Hippocampal
reduction (%)

Amygdalar volume (cm?)

Amygdalar
reduction (%)

Baseline 1 year Baseline 1 year
1. L 1.50 0.52 65.3 1.88 0.71 62.2
2. L 3.17 0.51 83.9 2.08 0.95 54.3
3. L 2.29 0.79 65.7 2.09 0.77 62.9
4. L 1.79 1.29 28.1 2.05 0.92 55.2
5. L 1.85 1.28 31.1 2.01 1.86 7.2
6. L 3.31 1.80 45.7 2.42 1.30 46.2
7. L 1.19 0.50 58.0 2.02 0.46 77.2
8. L 1.32 0.47 64.2 1.85 1.48 20.3
9. L 1.13 0.41 63.9 1.65 0.68 58.6
10. L 1.67 0.62 62.6 1.43 0.59 58.8
11. L 3.13 1.91 37.7 3.46 2.43 29.7
12. L 2.18 0.97 55.5 1.81 1.12 37.9
13. L 2.06 0.51 75.5 1.84 0.80 56.4
14. L 2.06 1.03 50.0 1.82 0.81 55.6
15. R 2.61 1.06 59.4 1.98 1.21 38.8
16. R 2.15 1.07 50.2 1.80 1.16 35.5
17. R 1.31 1.21 7.9 1.50 0.73 51.6
18. R 1.53 0.39 74.6 1.80 0.55 69.7
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Table 3 Relation between MRI volumetry changes and clinical seizure outcome.
Subject Treated side Vh dif. (%) Va dif. (%) Classification 1 Classification 2
1. L 65.3 62.2 1A 2A
2. L 83.9 54.3 1A 1B
3. L 65.7 62.9 1A 1A
4. L 28.1 55.2 1B 1B
5. L 31.1 7.2 1B 1B
6 L 45.7 46.2 2B 1C
7. L 58.0 77.2 1A 1A
8. L 64.2 20.3 1B 1B
9. L 63.9 58.6 1A 1A
10. L 62.6 58.8 1A 1A
11. L 37.7 29.7 1B 1B
12. L 55.5 37.9 1A 1A
13. L 75.5 56.4 1A 1A
14. L 50.0 55.6 1A 1A
15. R 59.4 38.8 2B 2B
16. R 50.2 35.5 2B 2B
17. R 7.9 51.6 3A Re-operated
18. R 74.6 69.7 2B 1C

The hippocampal (Vh dif.) and amygdalar (Va dif.) volumes reduction is shown as the percent change in comparison to pre-operative
volume. The classification 1 and 2 means the clinical classification according to Engel’s scale 1 and 2 years after the procedure.

one subject, we found a small subdural hematoma (thickness
5mm) in the site of the entry. No other surgical complica-
tions occurred.

Meningeal syndrome developed in 3 subjects and resolved
within 4—6 days of antibiotic therapy. In one of these
patients, the pulmonary embolism complicated meningeal
syndrome; this patient suffers from hereditary coagulopa-
thy. More clinical details were published in the previous
paper (Kalina et al., 2007).

Predictors of clinical outcome

To determine the relation of hippocampal volume decrease
to the clinical outcome, we merged left- and right-sided
procedures into 1 group. As logically expected, the greater
destroy of the target structures was associated with better
clinical outcome: 1 year after the procedure, Engel’s
Class | was reached in 77% and 82% of patients, whose
hippocampus or amygdala, respectively, was destroyed by
more than a half. Engel’s Class IA occurred in 69% and 73%
of such subjects, respectively. Of 9 patients, whose both
structures were reduced by more than a half, 8 of them had
Engel’s Class IA (=89%), 1 patient had Engel’s Class 1IB. Two
years after the procedure the percentage of Engel’s Class
| remained the same in the latter subgroup, but Engel’s
Class IA occurred only in 67%. On the contrary, patients
whose both structures were NOT reduced by more than
half, reached Engel’s Class | in 56% and in 67% 1 and 2 years
after AHE, respectively.

Discussion

Our study showed that stereotactic radiofrequency AHE
causes partial destruction of AHC and leads to the significant

reduction of hippocampal and amygdalar volumes, which is
related to the promising clinical outcome.

MRI volumetry has been proved to be a valuable tool to
assess group data as well as to explore differences between
individual patients in a post-operative MRI-based follow-up
in epilepsy surgery patients (Noulhiane et al., 2006). We
used this method to document the hippocampal and amyg-
dalar volumes reduction after stereotactic radiofrequency
AHE and found a significant reduction of target volumes
postoperatively. However, stereotactic approach may cause
only partial destruction of target structures. In our study, we
found 50% and more the hippocampal destruction in 72% of
treated patients and 50% and more the amygdalar volume
reduction in 61% of treated patients. Therefore, we con-
clude that MRI changes were mirrored by improved clinical
seizure control. However, we do not know anything about
the capability of the remaining hippocampus, amygdala and
parahippocampal gyrus for generating seizures during the
next years.

Surgical treatment of any partial epilepsy is based on
removal of an appropriately identified region, which is suffi-
cient to generate seizures. In case of MTLE, the pathological
substrate is predominantly reflected into neuronal loss, neu-
ronal reorganization and gliosis of mesial temporal lobe
structures. Thus, effective surgical treatment of MTLE is
based on removal of mesial temporal lobe structures espe-
cially hippocampal tissue (Spencer and Inserni, 1991).

The first condition of a successful surgery therapy is a
good selection of surgery candidates. It is known, that hip-
pocampal atrophy is correlated with seizure control after
surgery. The presence of concordantly localized EEG and
hippocampal atrophy predicts satisfactory seizure control
in over 90% of patients undergoing temporal lobectomy
(Jack et al., 1992; Kuzniecky et al., 1993). In the study of
Radhakrishnan et al. (1998), the likelihood of excellent long-
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term seizure control after temporal lobectomy in patients
who had MRI-detected MTS, was 4 times greater than in
those without these findings. We believe, that patients in
our group were carefully selected; despite of 2 MRI nega-
tive patients a 1 patient with bilateral MTS. MRI negative
subjects had apparent mesiotemporal hypometabolism on
FDG-PET and 1 MTS bilateral subject had clear unilateral
FDG-PET hypometabolism and EEG ictus onset.

Stereotactic radiofrequency AHE is an alternative method
to an open surgery approach. Parrent and Blume (1999),
performed 22 stereotactic AHE in 19 patients. First, they
produced in 5 patients relatively few stereotactic lesions
(mean 6.4). Then, they changed their technique for the next
15 patients and produced more lesions (mean 26). Seizure
frequency in patients with fewer lesions was reduced in
all cases, but no patient was seizure-free. Patients with
more lesions had on MRI follow-up confluent lesions involv-
ing amygdala and hippocampus, measuring in mean 21.5mm
in long axis. In this group, seizures were reduced in 14
patients, but only 2 patients were seizure-free. The size
of lesions produced in our study was significantly larger.
The hippocampal and amygdalar volumes reduction was
not calculated in the study of Parrent and Blume, so we
cannot compare their volume reduction with our data.
The clinical outcome with respect to seizures was bet-
ter in our study. Every stereotactic approach has some
risk of intracranial bleeding, but similarly to the study
by Parrent and Blume, we did not detected any serious
hemorrhage.

Gamma knife epilepsy surgery for TLE is the next stereo-
tactic method, which was reported in 1996 (Regis et al.,
1996). They produced radiosurgical lesions in amygdala, hip-
pocampus and in entorhinal cortex of four patient with TLE.
(A dose of 25 Gy was administered at the 50% isodose line.)
Seizure reduction occurred in a delayed fashion over 3—18
months in all patients. A subsequent multicenter study by
the same authors and by the same technique included 21
patients (Regis et al., 2004). The published results were
promising. At the two-year follow-up, 13 of the 20 patients
reached Engel’s Class I, 6 of the 20 reached Engel’s Class
Il. However, the onset of gamma knife clinical seizure con-
trol effect was prolonged by 3—18 months with the period
of increased seizures frequency and severity (Regis et al.,
2004). Opposed to gamma knife, the onset of a stereo-
tactic radiofrequency AHE is immediate. The side effects
of gamma knife were far from being negligible (Regis et
al., 1996, 2004). About 1 year after radiation, 62% of the
subject developed substantial temporal lobe edema with
required corticosteroid treatment for an average of 73 days,
and 3 subjects required hospitalization for intravenous anti-
edema treatment due to intracranial hypertension syndrome
(Regis et al., 2004).

The clinical seizure outcome of stereotactic radiofre-
quency AHE in our study was better than we expected. Two
years after the operation, 82% of subjects reached Engel’s
Class I. Therefore, the clinical outcome in our study is com-
parable to standard open surgery techniques (ATL and AHE)
(Engel et al., 2003; Tellez-Zenteno et al., 2005). We believe
that the good clinical outcome in our study was caused
by the careful selection of the candidates and excellent
reaching the target structures, hippocampus, amygdala
and parahippocampal gyrus. However, we should emphasize

that there has not been done any direct comparison of
stereotactic radiofrequency AHE with standard (and widely
used) temporal lobe microsurgery. This is a topic for the
further research.

Our study has, of course, some limitations. First, the
group size was relatively small, so these data represent
real first experience. Second, our study was retrospective,
so only standard MRI recordings were available. Finally,
the clinical follow-up is relatively short. Further research
is needed to confirm clinical effectiveness of stereotac-
tic radiofrequency AHE. The detailed neuropsychological
outcome after stereotactic AHE will be demonstrated in a
separate paper.
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SUMMARY

Purpose: Stereotactic radiofrequency amygdalohippo-
campectomy (SAHE) has been modified recently in our
center for the therapy of mesial temporal epilepsy
(MTLE). It has promising clinical results comparable with
microsurgical amygdalohippocampectomy despite smal-
ler volume reduction of the hippocampus. We hypothe-
sized that the extent of perirhinal and entorhinal cortex
(PRC, EC) reduction could explain the clinical outcome.
Therefore, we performed, retrospectively, volumetric
analysis of PRC and EC and compared it with the seizure
control.

Methods: Twenty-six consecutive patients with MTLE
treated by SAHE were included. PRC and EC volumes
were measured from magnetic resonance imaging (MRI)
records obtained before and | year after SAHE. The clini-
cal outcome was assessed each year after SAHE using
Engel’s classification.

Key Findings: Twenty-six patients were analyzed. The vol-
ume of PRC decreased by 46 * 17% (p < 107'%); EC vol-
ume decreased by 56 * 20% (p < 107'°). Two years after
the procedure, 73% of patients were classified as Engel’s |,
19% as Engel’s II; in 2 (8%) the treatment failed (were
reoperated). Eighteen patients finished 3 years follow-up;
72% of them were classified as Engel’s I, 17% as Engel’s I,
and in 2 (11%) above-mentioned patients the treatment
failed. Thirteen patients finished 4 years of follow-up, |1
of them as Engel’s I. There was no significant correlation
of the clinical outcome to PRC and EC volume reductions.
Significance: The clinical effect of SAHE is not clearly
explained by the volume reductions of PRC and EC (nor of
the hippocampus and the amygdala). It promotes opinion
that the extent of resection/destruction is not important
for seizure outcomes.

KEY WORDS: Temporal lobe epilepsy, Surgery, MRI,
Volumetry.

Temporal lobe epilepsy (TLE) is the most common form
of focal epilepsies. The large majority of TLE originates
from the medial part of the temporal lobe—mesial temporal
epilepsy (MTLE), the other part of TLE originates from the
lateral neocortex — lateral temporal neocortical epilepsy.
TLE is also classified into TLE with hippocampal sclerosis
or mesial temporal sclerosis (MTS), lesional TLE due to
pathologic changes other than MTS, and cryptogenic TLE
or magnetic resonance imaging (MRI)-negative TLE. The
surgical therapy of drug-resistant MTLE is more effective
than the prolonged medical therapy (Wiebe et al., 2001;
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Spencer et al., 2003). The classical neurosurgical approach
varies from so-called standard anterior lobectomies (ATLSs)
through more restricted variants of the temporal resection to
a strictly mesial resection type. Except for classical neuro-
surgical approaches minimally invasive alternative tech-
niques have been sought for years (Talairach et al., 1974;
Vladyka, 1978; Parrent & Blume, 1999). Stereotactic radio-
frequency AHE (SAHE) is an alternative therapy of MTLE.
In our hospital SAHE has been used since 2004 (Liscak
et al., 2010). The first clinical seizure results have already
been published (Kalina et al., 2007; Malikova et al., 2009,
2010; Liscak et al., 2010).

As mentioned above, the large majority of TLE originates
from the medial part of the temporal lobe. The human
medial temporal lobe is composed of the hippocampus, the
amygdala, and the surrounding cortex including entorhinal
cortex (EC), perirhinal cortex (PRC), parahippocampal
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cortex, and temporopolar cortex (Amaral & Insausti, 1990).
Structural and electrophysiologic changes associated with
MTLE are best understood in the hippocampus. However,
volumetric studies have revealed volume reduction changes
also in the amygdala, PRC, and EC (Bernasconi et al.,
2003). In addition, the neuropathology examination of the
surgically resected tissue has revealed neuronal loss and as-
trogliosis in EC (Yilmazer-Hanke et al., 2000). It is obvious
that the epileptic zone is broad and several limbic structures
must be involved in the epileptic phenomena.

The parahippocampal region includes the EC, PRC, and
parahippocampal cortex. The EC (area 28 of Brodmann,
1909) is bordered dorsomedially by the periamygdaloid cor-
tex and caudomedially by the presubiculum and the parasu-
biculum. Laterally, it is bordered by PRC. EC is the
principal input station of the hippocampal formation, and
most of the input from the neocortical fields reaches the hip-
pocampus via projections from PRC and parahippocampal
cortices to EC. EC consecutively relays signals received to
the hippocampus (Amaral & Insausti, 1990). PRC is divided
into several cytoarchitectonically distinct subfields. Area 35
of PRC follows the collateral sulcus along its full rostrocau-
dal extent and occupies chiefly the fundus and the medial
bank of the sulcus. Most of PRC is composed of the area 36
of Brodmann (1909), which lies medially to area 20 of
Brodmann (1909). Anteriorly, PRC is continuous with
the rostral-most portion of the temporal pole (area 38 of
Brodmann, 1909).

In our previous study (Malikova et al., 2009, 2010) we
were searching for a correlation between the good clinical
seizure outcome after SAHE and the reduction of hippocam-
pal and the amygdalar volumes. We did not find any signifi-
cant and convincing relations. Therefore, we aimed our
attention to the parahippocampal region. The topic of this
retrospective volumetric study was to describe the thermo-
coagulation extent of the EC and PRC by the MRI volume-
try and to compare volumetric results with the clinical
seizure outcomes.

MATERIALS AND METHODS

Patient selection

From April 2004 to September 2007, 29 consecutive
patients with intractable MTLE (13 female and 16 male)
underwent SAHE at the Stereotactic and Radiation Neuro-
surgery Department. All subjects gave informed consent.
SAHE technique was approved by the local Ethical
Committee. All patients were operated on by the same
neurosurgeon.

Three subjects were excluded from the study, two of them
due to recent contraindications for MRI follow-up and one
due to previous stereotactic therapy approximately 30 years
ago. Therefore, we included 26 patients (14 male and 12
female—aged 39 + 12 years) into this retrospective study.
Five of them underwent the right-sided procedure and the

others left-sided. Preoperatively, all patients were evaluated
according to the standard protocol [MRI, fluorodeoxyglu-
cose positron emission tomography (FDG-PET), video-
scalp electroencephalography (EEG), and Wada test using
methohexical and neuropsychological assessment]. In addi-
tion, three patients underwent invasive stereotactic intracra-
nial video EEG recordings (SEEG), and one underwent
single photon emission computed tomography (SPECT).
Diagnostic clinical data of patients are summarized in
Table 1. All included patients underwent MRI follow-up
performed in the following intervals: 3—7 days and then
every 1 year after SAHE.

Technique of SAHE

Technical details of the stereotactic technique were
described in a separate paper (Liscak et al., 2010). Briefly,
stereotactic procedures were done under local anesthesia
and mild sedation. The Leksell stereotactic system was
used. The coordinate frame was attached to the patient’s
head under local anesthesia. MRI with an indicator box was
performed using a 1T wholebody MRI system with a three-
dimensional (3D) volume acquisition sequence after an
intravenous contrast agent administration to mark cortical

Table I. Clinical characterization of included
subjects
Age Treated MRI

Subject Sex (y) side bas FDG-PET EEG SEEG SPECT
l. F 28 L L L BILAT L
2. F 65 L L L L
3. M 30 L L L L
4. M 36 L L L L
5. F 20 L L L L
6. M 38 L NEG L L
7. F 28 L L L L
8. F 43 L L L L
9. M 48 L BILAT L L
10. M 59 L L BILAT R L
1. F 33 L NEG L L
12. F 36 L L L L
13. F 50 L L L L
14. M 28 L L L L
15. F 46 L L L L
l6. M 30 L L L L
17. M 47 L L L L
18. F 21 L L L L
19. F 26 L L L BILAT
20. M 46 L L L L
21. M 5l L L L L
22. M 34 R R R R
23. F 21 R R BILAT BILAT R R
24. M 49 R R R R
25. M 36 R R R R
26. F 54 R NEG R R

R, right; L, left; MRI bas (before therapy), MRl signs of MTS; FDG-PET and
SPECT, temporal hypometabolism; video-scalp EEG and SEEG, ictus onset;
BILAT, bilateral; NEG, negative.
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vessels. The entry point was placed in the occipital region
and the single trajectory was planned on Surgi Plan (Elekta
Instruments, Stockholm, Sweden). A percutaneous drill-
hole was made in the patient’s skull. The target point of the
trajectory was placed in the amygdala and trajectory itself
passing through the hippocampal head with efforts made to
avoid the ependymal surface of the ventricle and cortical
vessels. The thermocoagulation of the amygdalohippocam-
pal complex was planned according to the individual anat-
omy of the patient. SAHE was carried out using a string
electrode with a flexible 10-mm active tip. The active tip
was exserted and heated to 75-88°C depending on the probe
thickness for 60 s. After the thermocoagulation the active
tip was inserted, the electrode was rotated by 45 degrees
according to the treatment plan, and the tip was exserted to
create another lesion. Usually two to four lesions were made
in one segment. After the lesions were finished in one seg-
ment, the probe was withdrawn by 5 mm and the process
was repeated in the next segment. The thermocoagulation
was performed usually in seven to eight segments.
Altogether 17-30 lesions were made using the Neuro N50
(Fischer-Leibinger, Freiburg, Germany) system along a 32—
37 mm trajectory in the amygdalohippocampal complex.

MRI methods

MRI scanning was performed on a 1.5 T whole-body
MRI system. In addition to common sequences [TSE T2/PD
WI axial, T, WI turbo FLAIR axial and coronal, TSE T, WI
coronal and SE T; WI sagittal plane; coronal planes were
orientated perpendicular to the long axis of the hippocam-
pus], a 3D volume acquisition sequence (fast low angle shot
[FLASH] 3D, TR 25 ms, TE 5 ms, flip angle 37degrees,
slice 1.3 mm, matrix size 256 X 256) was obtained. We per-
formed MRI volumetry of EC and PRC from the preopera-
tive MRI and from MRI obtained 1 or 2 years after the
therapy. Data from 3D volume acquisition sequence were
reconstructed into contiguous sections (2-mm thick) orien-
tated perpendicular to the line drawn between the anterior
and the posterior commissures at the midsagittal level. For
volumetry, the images were magnified and interpolated
fourfold, which resulted in an effective pixel size of
0.25 mm. This procedure greatly reduces the error in tracing
the boundary of the cortex. The volumes were calculated
with software developed in house for a standard work con-
sole. The volumes of EC and PRC in all patients were mea-
sured by hand by one investigator twice and mean value of
these measurements were used for the analysis. The exam-
iner was blinded to all clinical data. The cases were ana-
lyzed in random order.

Anatomic boundaries of both cortices were determined
on the criteria and landmarks, which were proposed by In-
sausti et al. (1998): The limen insulae is a useful landmark
of PRC; the tip of PRC is a few millimeters anterior to the
limen insulae. Rostrally, PRC replaces the temporopolar
cortex, and caudally, in the ventromedial temporal lobe as
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well. At more caudal levels, PRC surrounds all but the most
medial aspect of EC. Another useful landmark is the collat-
eral sulcus, where the temporopolar cortex is replaced by
PRC in most cases. Typically, the collateral sulcus appeared
one to two sections rostrally to the limen insulae. The first
section containing PRC usually revealed the rostral extreme
of the collateral sulcus. In these cases, the ventrolateral bor-
der of PRC is defined at the lateral edge of the collateral sul-
cus. The rostrocaudal extent of PRC is bordered laterally by
the neocortex of the inferior temporal gyrus. The transition
from PRC to the inferotemporal cortex usually occurs within
the lateral bank of the collateral sulcus. However, the collat-
eral sulcus has a highly variable shape and length and may
be asymmetric in the left and right hemispheres; therefore,
the location of the PRC border depends on the depth of the
collateral sulcus. In the most cases the collateral sulcus is
“regular” (depth between 1 and 1.5 cm) and the border of
the PRC is at the lateral edge of the collateral sulcus. In cases
of the ““shallow” sulcus (depth < 1 cm), the PRC extends
up to the midpoint of the occipitotemporal gyrus. In cases of
the ““deep” sulcus (depth = 1.5 cm), the border of the PRC
is at the midpoint of the lateral bank of the collateral sulcus.
Medially, the PRC borders EC. The posterior portion of
PRC surrounds EC caudally for an average distance of
2.9 mm, where it is replaced by the posterior parahippocam-
pal cortex. Briefly, the caudal limit of PRC is situated two
sections behind the end of the uncus. The most rostral sec-
tion containing the EC is on average 2 mm behind the limen
insulae. At this level, the EC borders with the PRC and peri-
amygdaloid cortices. A reliable landmark in identifying the
medial border of EC is the ventral border of the gyrus semi-
lunaris, that is, the fundus of the sulcus semiannularis. The
medial portion of EC forms the gyrus ambiens, which
extends caudally to the anterior limit of the hippocampal fis-
sure. Caudally, the end of EC is located usually one section
behind the gyrus intralimbicus. Laterally, the EC borders
with the PRC. The border of both cortices depends on the
depth of the collateral sulcus. If the collateral sulcus is “‘reg-
ular,” the border is at the midpoint of the medial bank of the
sulcus. In the case of ““shallow’” sulcus, the border is situated
in the fundus of the sulcus. If the sulcus is ““deep,” the lateral
border of the EC is defined at the medial edge of the collat-
eral sulcus. For graphical details see also Figures 1 and 2.

Clinical outcome with respect to seizures

The clinical outcome was assessed independently by an
experienced neurologist. The independent neurologist asse-
sed the full clinical examination including EEG monitoring,
laboratory tests, and MRI, and studied the patients’seizure
diaries. The clinical seizure outcomes were assessed each
year after the operation using the Engel’s classification
(Engel et al., 1993). Every included patient had finished 1
and 2 years of follow-up; 18 patients had finished 3 years of
follow-up. Only 13 patients had finished 4 years of follow-
up. Two patients, who were reoperated due to poor outcome
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Figure 1.

Epilepsia © ILAE

The segmentation of EC (pink) and PRC (blue) in the patient with left MTLE before SAHE.

of SAHE (Engel classes III and IV), were kept in the clinical
outcome analysis to avoid putatively better results.

Statistics

The statistical significance of the differences in ERC and
PRC volumes were tested using paired #-test. The difference
was considered significant if the p-value was below 0.05.
Results are presented as mean =+ standard deviation (SD)
(median). The intraobserver variability (repeatability) was
assessed from the twins of the volume calculations of the
analyzed structures. Repeatability was expressed as a coef-
ficient of variation (CV) of two repeated measurements for
each subject.

RESuULTS
Volumetric data
Right TLE patients

Before the operation. The mean volume of the right PRC
was 1.96 + 0.50 cm® (median 2.08 cm®) and the right EC

was 0.77 £0.33 cm’ (median 0.83 cm®). The mean
volume of the left PRC was 2.29 + 0.45 cm® (median
2.30 cm®) and the left EC was 0.93 + 0.32 cm® (median
0.84 cm?).

After the operation. The mean volume of the right PRC was
1.36 + 0.62cm® (median 1.5 cm?®) and the right EC was
0.26 + 0.14 cm® (median 0.26 cm?). Therefore, the size of
the right PRC decreased after the procedure by
33.1 £ 16.2% (median 36.3%, p = 0.005) and the size of
right EC decreased by 66.8 +52% (median 66.8%,
p = 0.004). The left PRC and EC did not change after the
operation.

Left TLE patients

Before the operation. The mean volume of the right PRC
was 2.15 + 0.34 cm® (median 2.09 cm?) and the right EC
was 1.08 + 0.24 cm® (median 1.09 cm?). The mean volume
of the left PRC 1.94 + 0.28 cm® (median 2.01 cm?®) and the
left EC was 0.80 + 0.17 cm? (median 0.77 cm?).

Epilepsia, 52(5):932-940, 2011
doi: 10.1111/§.1528-1167.2011.03048.x
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Figure 2.

Epilepsia © ILAE

One year after SAHE. The postthermocoagulation pseudocyst in the left amygdalohippocampal complex reaches to EC and PRC. The
segmentation of the rest of EC (pink) and the rest of PRC (blue) in the same patient as in Fig. .

After the operation. The mean volumes of the left PRC
was 1.00 = 0.38 cm® (median 0.94 cm?, p< 107 and
the left EC was 0.36 = 0.14 cm® (median 0.38 cm?,
p < 1077). Therefore, after the procedure the size of the
left PRC decreased by 48.9 + 16.4% (median 52.2%) and
the size of left EC decreased by 52.8 + 21.3% (median
57.1%). The mean volumes of the right PRC and EC did
not change. For the complete volumetric data see also
Table 2.

The CV of PRC volumetry was 3.76 + 2.69, p = 0.049.
The CV of EC volumetry was 4.75 = 4.01, p = 0.006.

Clinical outcome with respect to seizures

All included patients (26) reached 1 and 2 years of fol-
low-up. One year after the operation, 13 patients (50%)
were classified as Engel’s class A, 5 patients (19%) as class
IB, one patient (4%) as class ID, one (4%) as class IIA, and
4 (15%) as class II B. In two patients (8%) the treatment
failed (class IIIA and IVA); these patients were reoperated
in the second year (the first by the same method and the sec-
ond by ATL).

Two years after treatment, 10 patients (38.5%) reached
Engel’s class IA, 6 (23%) were assessed as Engel’s class IB,
2 patients (7.7%) as Engel’s class IC, one patient (3.8%) as
Engel’s class ID, 3 patients (11.5%) as Engel’s class IIA,
and 2 patients (7.7%) as Engel’s class IIB; two above-
mentioned patients (7.7%) were reoperated during the
second year. For more data see also Table 2.

Epilepsia, 52(5):932-940, 2011
doi: 10.1111/5.1528-1167.2011.03048.x

Three years after operation 18 patients were assessed: 3
(16.7%) of them were classified as Engel’s class IA, 5
(27.8%) of them as Engel’s class IB, 3 (16.7%) of them as
Engel’s class IC, 2 (11.1%) as Engel’s class ID, and 3
patients (16.7%) as Engel’s class IIA. Two abovementioned
patients (11.1%) were operated. One patient (classified as
Engel’s I in second year) committed suicide during the next
(third) year. Four years of follow-up reached 13 patients;
11 of them were classified as Engel’s class I.

Predictors of clinical outcome

To determine the correlation between the PRC and EC
volume reduction and clinical seizure outcomes, we merged
left- and right-sided procedures into one group. For clinical
outcomes we used Engel’s data from the finished second
year of the clinical follow-up.

However, we did not find any statistically significant
relation of volume reduction of PRC and EC to the clinical
seizure outcome. In 13 treated patients (50%) we found
reduction of PRC of <50% volume: 8 of them were assessed
as Engel’s class I, 3 as Engel’s class II, and in 2 treatment
failed. In eight treated patients (31%) we found a reduction
of EC of <50%; five of them were classified as Engel’s class
L, two of them as Engel’s class II, and in one patient the treat-
ment failed. Only in three patients (12%) did we find a
reduction of PRC >70%; all of them were classified as
Engel’s Class I. Only in four patients (15%) did we find a
reduction of EC >70%; three of them were classified as
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Table 2. Volumetric data and the clinical seizure outcome

Subject  Treated side PRC before PRC after PRC % change EC before EC after EC % change Engel’s class | Engel’s class Il

l. L 1.37 0.63 53.9 0.55 0.38 30.2 1A A
2. L 2.18 1.73 20.5 I.10 0.38 65.4 1A 1B
3. L 1.75 0.57 67.4 0.72 0.31 56.8 1A 1A
4. L 1.79 0.90 49.9 0.90 0.38 57.1 B 1B
5. L 1.64 0.66 59.8 0.66 0.65 2.1 1B 1B
6. L 2.05 0.71 65.4 0.76 0.44 42.6 1IB IC
7. L 1.79 0.83 534 0.68 0.26 61.8 1A IA
8. L 1.85 1.29 30.1 0.99 0.20 797 IB IB
9. L 1.51 1.05 304 0.77 0.33 57.5 1A IA

10. L 2.14 0.10 534 0.70 0.43 382 1A 1A

I, L 1.55 0.45 70.8 0.66 0.39 40.3 IB IB

12. L 1.89 0.43 772 1.04 0.39 62.3 1A IA

13. L 2.37 0.84 64.7 1.06 0.34 68.3 1A IA

14. L 2.45 1.50 388 0.84 0.68 19.0 1A 1A

I5. L 2.06 1.35 348 0.78 0.15 81.0 1A IA

16. L 2.20 1.59 27.7 0.94 0.43 543 1A 1A

17. L 2.03 091 55.0 0.63 0.39 37.1 1A IA

18. L 2.01 1.03 48.8 0.93 0.33 64.3 IB IB

19. L 2.07 1.62 21.5 0.63 0.40 36.1 IVA RE-ATL
20. L 2.10 1.01 50.2 0.60 0.05 91.0 A A
21. L 1.94 0.94 51.6 0.94 0.34 64.3 1A IA
22. R 2.47 2.22 10.3 1.25 0.48 61.7 1B 1IB
23. R 1.28 0.69 46.0 0.84 0.32 62.2 1B 1B
24. R 2.35 1.50 36.3 0.45 0.15 66.8 A RE-SAHE
25. R 1.62 0.82 49.4 0.47 0.12 742 1B IC
26. R 2.08 1.59 23.6 0.83 0.26 69.1 1D ID

R, right; L, left; RE-ATL, reoperation by ATL; RE-SAHE, reoperation by SAHE.

Engel’s class I and one of them as class II. Both cortices
were reduced >50% only in seven patients (27%); six of
them were assessed as Engel’s class I and one of them as En-
gel’s class II.

DiScuUSSION

Our study showed that SAHE caused only partial destruc-
tion of PRC and EC. These findings are not surprising and
are consistent with our previous studies, which proved simi-
lar partial destruction of the target amygdala and the hippo-
campus by SAHE (Malikova et al., 2009, 2010). Despite of
only the partial destruction of target structures, clinical sei-
zure outcomes were very good; 2 years after the operation
73% of treated patients were evaluated as Engel’s class 1.
These clinical results are comparable with those of standard
open surgery approaches (Engel et al., 2003; Tellez-Zente-
no et al., 2005). However, we have to mention that the clini-
cal seizure outcome after classical microsurgical operations
is stable in long-term follow-up (Tellez-Zenteno et al.,
2005). We do not know the long-term effects of this modifi-
cation of SAHE because comparable numbers of patients
have not reached long-term follow-up.

MRI volumetry has been used successfully in analyses of
the mesial temporal lobe damage in patients with TLE as
well as to assess postoperative changes after epilepsy
surgery (Bernasconi et al., 2003; Noulhiane et al., 2006).

However, there are relatively few quantitative MRI studies
of the parahippocampal region. In SAHE’s pioneers days
MRI was not available for clinical practice. Parrent and
Blume (1999) did not use MRI volumetric control after
SAHE (see below). Our studies are the first MRI volumetry
controlled studies after SAHE (Malikova et al., 2009;
Malikova et al., 2010). The volumetry in our hands has rela-
tively low repeatability; the CV of PRC was 3.76 + 2.69
and the CR of EC was 4.75 + 4.01.

Temporal lobe resections have been the most frequently
used procedures for TLE for many years. ATL as was
described by Spencer and Inserni (1991) usually involves
the resection of the amygdala, the hippocampus, and the
parahippocampal gyrus including the lateral neocortex 3—
3.5 cm from the temporal tip with sparing of the superior
temporal gyrus. However, neuropsychological deficits in
patients with chronic TLE are frequently aggravated after
temporal lobe surgery (Helmstaedter et al., 1996; Helms-
taedter & Kurthen, 2001). This was one of the reasons that
less destructive techniques have been sought for years.
Niemeyer had introduced transcortical amygdalohippo-
campectomy already in 1958. This surgical approach was
modifided by Yasargil et al. (1985), who proposed transsyl-
vian selective amygdalohippocampectomy. There are sev-
eral studies demonstrating comparable seizure control after
ATL and selective AHE in patients with MTLE (Clusmann
et al., 2002; Paglioli et al., 2006).

Epilepsia, 52(5):932-940, 2011
doi: 10.1111/§.1528-1167.2011.03048.x
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The question of the resection extent of the temporal lobe
has been discussed during past decades. There are a lot of
studies with controversial conclusions. Unfortunately, not
all studies used postoperative quantitative MRI or MRI con-
trol at all, and only a few of them are randomized. Some
studies stated that for the good clinical seizure outcome it is
necessary to remove the majority of the hippocampus (Wy-
ler et al., 1995). Siegel et al. (1990) found a general ten-
dency for better outcome in patients with larger general
resection and correlation between the extent of the resection
of the parahippocampal gyrus and the good clinical seizure
outcome. Similarly, Bonilha et al. (2007) described a signif-
icant linear correlation between the extent of the resection
of EC and of the hippocampus to the clinical seizure out-
come, but they did not find correlation between overall size
of resection and outcome. Conversely, there are studies con-
cluding that the resection extent of the medial parts of the
temporal lobe is not so important for the clinical seizure out-
come. Jack et al. (1988) described that the total amount of
resected tissue did not correlate with the clinical outcome.
Their study used postoperative MRI control. Similarly, van
Rijckevorsel et al. (2005) in the MRI postoperative control
study in patients who underwent selective amygdalohippo-
campectomy, concluded that the extent of the hippocampal
resection did not correlate with the clinical seizure outcome.
Similar conclusions were referred by Jones-Gotman et al.
(1997), Kanner et al. (1995), McKhann et al. (2000) and the
next authors. This controversial situation in the literature
was reviewed, analyzed, and discussed by Schramm (2008).

The problem of the extent of the resection must be com-
prehended on two levels. The first level is the intended
extent of the resection and the second level is the real
achieved extent of the resection. It is remarkable how vari-
able the extent of the resection really is. It is known that the
real extent of the resection is different between patients in
one center and between different centers. This statement
was proved by the study of Jones-Gotman et al. (1997).
These authors compared three different types of operations
of the temporal lobe provided in three institutions and they
found considerable differences in the extent of the resection
of the hippocamus and the amygdala in patients who were
seizure free after the operation. In our institution we have
similar experience. Patients who have undergone selective
amygdalohippocampectomy had the uniform resection of
the hippocampus, but the extent of the resection of the
amygdala was variable (Malikova et al., 2010). Several
authors who used postoperative MRI came to the same con-
clusion; the amount of resected tissue after operations in the
temporal lobe varies considerably (Nayel et al., 1991;
Novak et al., 2002).

SAHE is not a new method—the pioneer days of this
method occurred in the 1970s. Talairach et al. (1974) pro-
vided the stereotactic treatment by brachytherapy. Vladyka
(1978) treated TLE already by thermocoagulation. In these
pioneer days stereotactic techniques were limited by the

Epilepsia, 52(5):932-940, 2011
doi: 10.1111/5.1528-1167.2011.03048.x

insufficient imaging and diagnostic methods; therefore,
clinical seizure outcomes were far from optimal. SAHE was
reintroduced by Parrent and Blume (1999). They performed
22 SAHE procedures in 19 patients from the temporal
access with several trajectories and produced several lesions
in the hippocampus and the amygdala. However, their clini-
cal seizures outcomes were clearly inferior to open surgical
ATL; only about 10% of treated patients were seizure free.
Unfortunately, they did not perform MRI volumetric control
of the therapy. SAHE technique modified by Liscak et al.
(2010) causes only partial destruction (about 50%) of the
hippocampus, the amygdala, PRC, and EC as we proved in
this and previous studies (Malikova et al., 2009, 2010).
Postthermocoagulation lesions are small, they are situated
in the long axis of the amygdalohippocampal complex, and
they are surrounded by atrophy and gliosis. Postoperative
changes in comparison with open surgical selective amyg-
dalohippocampectomy are minimal (Malikova et al., 2010).
Our studies promote the opinion that the extent of the resec-
tion/the destruction is not important for the seizure outcome.
We are certain that the most important factor in the epilepto-
surgery is a good selection of patients for the appropriate
type of the operation. Failed cases can be attributed to
involvement of lateral neocortical structures into ictogene-
sis, to misdiagnosed bilateral TLE, and to the generation of
seizures by postoperative changes or the presence of dual
patology. In previous studies we tried to find the connection
between the reduction of the amygdala and the hippocam-
pus and the clinical seizure outcome in patients treated by
SAHE. We did not find it. In this study we aimed at EC and
PRC and again we did not find any correlation between the
reduction of these cortices and the clinical seizure outcome.
In 13 treated patients (50%), the reduction of PRC was
<50% volume; despite this fact, eight of them were assessed
as Engel’s class I. Similarly, in eight patients (31%) we
found the reduction of EC <50%, however, five of them
were classified as Engel’s class 1.

We believe that the possible explanation of the good clin-
ical seizure oucome of SAHE is in the occipital access of
this modified technique. This access enables one to target
the amygdalohippocampal complex in the longitudinal axis.
The intrinsic hippocampal connections display the same ori-
entation (Kondo et al., 2008, 2009). These connections
maintain the functional integrity of the whole complex, and
their desintegration could lead to the reduction of epileptic
hyperactivities and their transmission to EC, PRC, and to
the neocortex.

However, we are aware that the rest of these structures
targeted by SAHE must be changed by gliosis and atrophy
and we do not know anything about the viability of these
structures.

Our study has several limitations. This is a retrospective
single center study and it is not randomized. The ideal
design for a further study would be a prospective, random-
ized multicenter study.
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Abstract
We compared stereotactic radiofrequency amygdalohippo-
campectomy (SAHE) with microsurgical amygdalohippo-
campectomy (AHE) in a group of 33 patients with mesial
temporal lobe epilepsy in terms of hippocampal and amyg-
dalar volume reductions and clinical outcome. In 23 subjects
treated by SAHE, the hippocampal volume decreased by
58.0% (20.0; median, quartile range), with p = 107, and the
amygdalar volume decreased by 55.2% (23.8), with p = 1074,
Two years after SAHE, 74% of patients were classified as class
[, 22% as class Il and 4% as class lll. In 10 subjects treated by
AHE, 83.5% (11.2) of the hippocampal and 53.1% (53.9) of the
amygdalar volumes were removed (p = 0.05 and p = 0.005,
respectively). Two years after the operation, 50% of the sub-
jects were classified as class I, 30% as class Il and 10% as class
Il and IV. To conclude, SAHE leads to a similar reduction of
the amygdalar volume but to a significantly lower reduction
of the hippocampal volume than AHE. The clinical outcome
of SAHE is comparable with that of AHE.

Copyright © 2009 S. Karger AG, Basel

Introduction

Temporal lobe epilepsy is, in a broad sense, a micro-
cosm of all localization-related epilepsy and is usually
divided into two categories: mesial temporal epilepsy
(MTLE) and lateral temporal neocortical epilepsy [1].
The clinical pictures of MTLE were defined by Wieser et
al. [2]. The most common organic substrate for MTLE is
mesial temporal sclerosis. MTLE with mesial temporal
sclerosis is the most surgically amenable epilepsy diagno-
sis, and the results of epilepsy surgery are clearly superior
to prolonged medical therapy, with a seizure-free out-
come in approximately 70% of cases [3-7].

Temporal lobe resections have been the most frequent-
ly used surgical procedure for many years. Standard ante-
rior temporal lobe resection (ATL) described by Spencer
and Inserni [8] usually involves the resection of the amyg-
dala, the hippocampus and the parahippocampal gyrus
including the lateral neocortex 3-3.5 cm from the tempo-
ral tip with sparing of the superior temporal gyrus.

Selective transcortical amygdalohippocampectomy
(AHE) was introduced by Niemeyer [9]. The goal of this
procedure is to remove the medial structures of the tem-
poral lobe, i.e. the hippocampus, the amygdala and the
parahippocampus, while minimizing neocortical resec-
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tion. After Niemeyer, Yasargil etal. [10, 11] have proposed
a strictly mesial resection type transsylvian selective
AHE. There are several studies demonstrating compa-
rable seizure control after ATL and selective AHE [12,
13]. However, other studies revealed better postoperative
neuropsychological results after limited resections com-
pared with standard ATL [11, 12, 14, 15]. There is, how-
ever, evidence that due to collateral damage, selective sur-
gery can be less selective than suggested [16].

Despite the success of open surgery approaches, less
invasive surgery methods have been looked into. Efforts
to perform stereotactic epilepsy surgery have been made
since the fifties. In the pioneer days of stereotactic epi-
lepsy surgery, the methodology of stereotactic approach-
es was limited by the inability to visualize target struc-
tures. The stereotactic operation was at first based on ste-
reotactic coordinates from an anatomical atlas and
ventriculography [17]. This methodology was not com-
pletely sufficient and the amygdalohippocampal complex
(AHC) could have been missed. Moreover, some cases
were misdiagnosed due to restricted diagnostic workup.

In 1999 stereotactic radiofrequency AHE (SAHE) was
reintroduced by Parrent and Blume [18] as an alternative
therapy of MTLE. However, the clinical seizure outcomes
were inferior to open surgical approaches; only about 10%
of treated patients were seizure free [18]. It was the reason
why we have modified the technique of the stereotactic
procedure. In our hospital SAHE has been used since
2004. First results have already been published [19, 20].

The aim of this study was to compare volumes of re-
sidual hippocampal and amygdalar structures after
SAHE and after open microsurgical selective AHE by
means of MRI volumetry and to compare MRI volumetry
with clinical seizure outcomes.

Material and Methods

We reviewed all digital MRI examinations and medical re-
cords of patients, who underwent SAHE (group A) or open mi-
crosurgical AHE (group B) at the epilepsy center at Na Homolce
Hospital in Prague during the period 2004-2007. During these
years, both methods were suggested to the patients and the pa-
tients could choose one. All subjects were fully informed orally
and literally and gave informed consent. The SAHE technique
was approved by the local Ethical Committee.

Patient Selection

Group A - SAHE. Twenty-five consecutive patients (14 males
and 11 females) underwent SAHE for intractable MTLE at the
Stereotactic and Radiation Neurosurgery Department. Two sub-
jects were excluded from the study due to recent contraindica-

Stereotactic versus Surgical
Amygdalohippocampectomy

tions for MRI follow-up. We included 23 patients (13 males and
10 females — aged 39.8 & 12.4 years) into the study. Five of them
underwent right-sided, the others left-sided procedures. Preop-
eratively all patients were evaluated according to the standard
protocol (MRI, FDG-PET, video scalp EEG, Wada test using
methohexital and neuropsychological assessment). In addition, 3
patients underwent invasive stereotactic intracranial video EEG
recordings (SEEG) and 1 SPECT. All patients were diagnosed as
having MTLE. Sixteen subjects had fully concordant data from
MRI, FDG-PET and video-scalp EEG recordings. Three patients
were MRI negative and PET positive. In 1 patient MRI showed
bilateral mesial temporal sclerosis with otherwise concordant
data for the left-sided MTLE. One patient had bilateral seizure
onset with otherwise concordant findings for the left-sided
MTLE. Two patients had bilateral mesiotemporal hypometabo-
lism and 1 of them also had a bilateral scalp ictal pattern. In these
patients SEEG was performed (table 1). MRI follow-ups were per-
formed in the following intervals: 3-7 days, 6 months and 12
months after the operation.

Group B - Microsurgical AHE. Thirteen consecutive patients
(8 males and 5 females) with the same diagnosis as group A un-
derwent microsurgical AHE at the Neurosurgery Department.
Three subjects were excluded: 1 had undergone an unsuccessful
gamma knife therapy for MTLE before the resection and 2 pa-
tients have refused all clinical and MRI follow-ups. Therefore, we
included 10 patients (7 males and 3 females - aged 36.6 £ 12.5
years). Three of them underwent right-sided, the others left-sided
procedures. Preoperatively all patients were evaluated according
to the same standard protocol as group A. In addition, 4 patients
underwent video-SEEG recordings and 1 SPECT. Five patients
had concordant data from MRI, PET and EEG recordings. Four
of 5 patients with nonconcordant data underwent video-SEEG
monitorings for verifying seizure origin; see table 1 for more de-
tails and the section ‘Individual analysis of unsuccessful therapy’.
MRI follow-ups were performed 1 year after the operation.

Technique of SAHE

Stereotactic procedures were done under local anesthesia and
mild sedation. The Leksell stereotactic system was used. The co-
ordinate frame was attached to the patient’s head under local
anesthesia. MRI with an indicator box was performed using a
1-tesla whole-body MRI system with a 3-dimensional volume ac-
quisition sequence after an intravenous contrast agent adminis-
tration to mark cortical vessels. The entry point was placed in the
occipital region and the single trajectory was planned on Surgi
Plan (Elekta Instruments, Sweden). A percutaneous drill hole was
made in the patient’s skull. The target point of the trajectory was
placed in the amygdala and the trajectory itself passing through
the hippocampal head with making efforts to avoid the ependy-
mal surface of the ventricle and cortical vessels. Thermocoagula-
tion of the AHC was planned according to the individual anatomy
of the patient. SAHE was carried out using a string electrode with
a flexible 10-mm active tip. The active tip was exserted and heat-
ed to 75 or 88°C depending on the probe thickness for 60 s. After
thermocoagulation the active tip was inserted, the electrode was
rotated by 45° according to the treatment plan and the tip was ex-
serted to create another lesion. Usually 2-4 lesions were made in
1 segment. After the lesions had been finished in a segment, the
probe was withdrawn by 5 mm, and the process was repeated in
the next segment. Thermocoagulation was performed usually in
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7-8 segments. Altogether 17-30 (median 24) lesions were made
using the Neuro N50 (Fischer-Leibinger, Germany) system along
a 32-37 mm (median 35 mm) trajectory in AHC.

Technique of Open Microsurgical AHE

Standard well-established microsurgical transcortical AHE
was provided under the MRI neuronavigation system, and 3 cm
of the ventral portion of the hippocampus was resected [9].

MRI Methods

MRI scanning was performed on a 1-tesla whole-body MRI
system. In addition to common sequences (turbo spin echo, TSE,
T2-/proton-density-weighted imaging axial, T2-weighted imag-
ing turbo fluid-attenuated inversion recovery, FLAIR, axial and
coronal, TSE T2-weighted imaging coronal and spin echo, SE, T1-
weighted imaging sagittal plane; coronal planes were orientated
perpendicularly to the long axis of the hippocampus), a 3-dimen-
sional volume acquisition sequence (FLASH 3 dimensions, TR 25
ms, TE 5 ms, flip angle 37°, slice 1.3 mm, matrix size 256 X 256)
was obtained. We performed MRI volumetry of the hippocampus
and of the amygdala from the preoperative MRI and from the
MRI obtained 1 year after the therapy.

Hippocampal and amygdalar volumes were measured accord-
ing to a well-defined protocol [21, 22]. Volumetry was performed
by an experienced radiologist who was unaware of all clinical in-
formation. Volumes were measured from preoperative 3-dimen-
sional scans obtained on the day of the operation or several days
before and from the scans obtained 1 year after treatment. Ana-
tomical hippocampal boundaries were determined on the follow-
ing criteria [23]: the appearance of the mammillary bodies was
used as a landmark to demarcate roughly where the amygdala
starts to appear as one moves to the anterior of the brain from the
posterior. As slices move anteriorly, amygdala gray matter begins
to extend superior to the hippocampus with good resolution, the
lateral ventricle can be seen between the hippocampus and amyg-
dala. Sagittal views aided in this demarcation. The posterior bor-
der was demarcated by the clearest appearance of the fornix. The
lateral border was defined by the temporal horn of the lateral ven-
tricle and/or the white matter adjacent to the hippocampal gray
matter. The inferior border was demarcated by the white matter of
the parahippocampal gyrus. The segmentation of anatomical
boundaries was done manually with a tracker-ball-driven cursor.

Intraobserver variability of the volumetric analysis is low in
our hands, as we have already proved in the previous paper [20].

Clinical Outcome with Respect to Seizures

The clinical outcome was independently assessed by an expe-
rienced neurologist 2 years after the operation. The independent
neurologist assessed the full clinical examination including EEG
monitoring, laboratory tests, MRI and studied the patients’ sei-
zure diaries. The outcomes were assessed using Engel’s classifica-
tion [24].

Statistics

Data distribution was tested and found to be nongaussian in
all volumetric variables, gaussian in others. Therefore, nonpara-
metric statistics were used: Mann-Whitney and Wilcoxon match-
paired tests as appropriate. p values <0.05 were considered as sig-
nificant. Variables are expressed as median (with quartile range),
others (age, size of lesions) as means * SD.
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Table 1. Diagnostic characterization of included subjects

Subject Sex Age Treat- MRI FDG- EEG SEEG SPECT
ed  base IPIETT
side
Group A
Al F 275 1L L L bilateral L
A2 F 647 L L L L
A3 M 295 L L L L
A4 M 364 L L L L
A5 F 199 L L L L
A6 M 384 L negative L L
A7 F 281 1L L L
A8 F 432 L L L L
A9 M 475 L bilateral L L
Al10 M 578 L L bilateral R L
All F 329 L negative L L
Al2 M 599 L L L L
Al13 F 356 L L L L
Al4 F 503 L L L L
Al5 M 284 L L L L
Al6 F 455 L L L L
Al7 M 304 L L L L
Al8 M 467 L L L L
A19 M 338 R R R R
A20 F 205 R R bilateral bilateral R~ R
A21 M 493 R R R R
A22 M 363 R R R R
A23 F 538 R negative R R
Group B
Bl M 477 L L R R L
B2 F 316 L L L L
B3 F 247 L L L L
B4 F 347 L negative L L L
B5 M 567 L L L L
B6 M 377 L bilateral L L L
B7 M 186 L negative L L bilateral
B8 M 472 R R R R
B9 M 450 R  negative bilateral L R
Blo M 221 R R R R

Group A = SAHE; group B = microsurgical AHE; R = right;
L = left; MRI base = MRI before therapy; FDG-PET and SPECT =
temporal hypometabolism; video scalp EEG and SEEG = ictus
onset.

Results

MRI Description of Lesions

Group A - SAHE. The early postoperative MRI scans
showed fresh coagulation lesions encompassing the re-
gion of the amygdala, hippocampus and partially also
parahippocampal region (fig. 1). More details were pub-
lished in the previous paper [20]. During the year the
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Fig. 1. The fresh thermocoagulation lesion
after SAHE: the typical thermocoagula-
tion lesion encompassing the AHC. a, b
TSE T2-weighted imaging and FLAIR cor-
onal plane. ¢, d TSE T2-weighted axial
plane and SE T1-weighted imaging sagittal
plane.

postnecrotic pseudocysts developed surrounded by atro-
phic tissue with gliosis (fig. 2). We did not find any long-
lasting vasogenic edema on the scans 1 year after the sur-
gery. The mean * SD sizes of pseudocysts were 36 *
4 mm in their long axis and 10 £ 2 mm in their short
axis.

Group B - Microsurgical AHE. One year after the op-
eration, MRI demonstrated that the incision began 20 *
5 mm behind the anterior tip of the temporal pole. The
length of the pseudocyst was 32 £ 4 mm, the width was
43 £ 5 mm and the height was 11 £ 5 mm. The middle
temporal gyrus was damaged by the postoperative pseu-
docyst, but in all the subjects we found postoperative
changes also in the adjacent superior and inferior tempo-
ral gyruses (fig. 3).

Complications of the Procedures
There was zero procedure-related mortality in both
therapeutic methods.

Stereotactic versus Surgical
Amygdalohippocampectomy

Group A - SAHE. We found the following surgical
complications: 2 excluded patients not amenable to MRI
follow-up had a small tip of electrode left in the operation
field. In 1 subject, we found a small asymptomatic subdu-
ral hematoma at the site of entryand in 1 patient we found
asmall clinically silent intracerebral hematoma in the oc-
cipital region under the site of entry. From other compli-
cations, we recorded meningeal syndrome in 3 subjects,
but only 1 patient had confirmed meningitis. More de-
tails were published in the previous papers [19, 20].

Group B - Microsurgical AHE. None of the microsur-
gically treated patients had any clinically apparent early
complications. However, we did not routinely perform ei-
ther CT or MRI scans in the early postoperative period.

MRI Volumetric Data

Group A - SAHE. Before the operation the size of the
treated hippocampus was 1.85 cm? (0.94). One year after
the procedure the hippocampus size was 0.79 cm? (0.67).
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Fig. 2. The late thermocoagulation lesion
in the AHC with the pseudocyst surround-
ed by gliosis and atrophy. a, b TSE T2-
weighted imaging and FLAIR coronal
plane. ¢, d SE T1-weighted imaging sagit-
tal plane and SE T1-weighted imaging ax-
ial plane.

Therefore, the volume of the hippocampus decreased 1
year after the procedure by 58.0% (20.0), with p = 107%.
The size of the treated amygdala was 1.87 cm® (0.28) be-
fore the operation. One year after the procedure the size
of the amygdala was 0.81 cm? (0.53); the amygdalar vol-
ume decreased by 55.2% (23.8), with p = 107%.

Hippocampal volume reduction by =50% was seen in
74% of all subjects, but reduction by =70% was seen only
in 22% of treated subjects. Amygdalar volume reduction
by =50% was seen in 61% of all subjects; however, reduc-
tion of the amygdalar volume by =70% we found only
in 1 (4%) of all treated patients (table 2).

Group B - Microsurgical AHE. Before the microsurgi-
cal operation the size of the treated hippocampus was
1.48 cm? (1.46). The residual hippocampal volume 1 year
after microsurgical AHE was 0.31 cm? (0.15). Therefore,
83.5% (11.2) of the hippocampal volume was surgically
removed (p = 0.05). The amygdalar size before the opera-
tion was 1.68 cm? (0.68) and the residual amygdalar vol-
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ume 1 year after the operation measured 0.77 cm?® (0.71).
Therefore, 53.1% (53.9) of the amygdalar volume was sur-
gically removed (p = 0.005).

More than 70% of the hippocampus was removed in
all of the operated subjects. Amygdalar volume reduction
by =50% was seen in 60% of operated subjects, and
=70% of the amygdala was resected in 30% of the treated
patients (table 3).

Clinical Outcome with Respect to Seizures

Group A - SAHE. Two years after the operation, 17
patients (74%) were classified as class I (10 patients as class
TA), 5 patients (22%) as class II. One patient (4%) was clas-
sified as class III after the first year of the clinical evalu-
ation and was reoperated by the same method during the
second year after the first stereotactic procedure (ta-
ble 2).

Group B - Microsurgical AHE. Two years after the op-
eration, 5 patients (50%) were classified as class I, 3 pa-
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Fig. 3. Postoperative changes after micro-
surgical AHE (FLAIR and T1 inversion re-
covery, coronal plane).

tients (30%) as class II, 1 patient (10%) as class III and 1
patient (10%) as class IV (table 3).

Predictors of Clinical Outcome

Similarly to our previous study [20], there was a trend
to better clinical outcome after more pronounced volume
reduction in subjects treated by SAHE. Two years after
the procedure, Engel’s class I was reached in 76 and 86%
of subjects whose hippocampus or amygdala were re-
duced by >50%, respectively. Both structures were re-
duced by >50% in 12 patients; 11 of them (92%) were clas-
sified as Engel class I. However, even after the increase in
the studied group size, we did not find any statistically
significant relation of volume(s) reduction to the clinical
seizure outcome.

In subjects treated by microsurgical AHE, no similar
analysis could be done. In this small group all but one
hippocampi were reduced by >75%. Amygdalas were re-
sected by different extents, but no clear relation to the
clinical seizure outcome was apparent.

Individual Analysis of Unsuccessful Therapy

Group A - SAHE. Only 1 patient treated by SAHE was
classified as class III, an unsatisfied therapy. In this sub-
ject, the size of the hippocampus changed by a negligible
amount after the stereotactic operation. The amygdalar
volume was reduced by about 50%. Preoperative data
from MRI, scalp video-EEG and FDG-PET were fully
concordant. Because the hippocampus was nearly missed
during the operation, the patient was advised to retake
the procedure. After the reoperation, this patient was sei-
zure free (class I), but the clinical follow-up has not
reached 2 years.

Stereotactic versus Surgical
Amygdalohippocampectomy

Group B - Microsurgical AHE. The clinical seizure
outcome in 2 (20%) patients was unsuccessful. In one of
them (patient B1 classified as class IV), both hippocam-
pus and amygdala were removed by more than 80%. Pre-
operative data (MRI, FDG-PET, a scalp video-EEG) were
not concordant. Furthermore, neuropsychological evi-
dence of bilateral temporal damage was evident. Despite
preoperative video-SEEG, which clearly depicted the on-
set of seizures from the left temporal lobe, we thought the
epilepsy was bilateral and indicated AHE only as a pal-
liative operation. In the second patient (patient B5 classi-
fied as class III), the hippocampus was resected by nearly
80%, but the amygdalar volume was only reduced by 20%.
Preoperative data (MRI, FDG-PET and scalp video-EEG)
was fully concordant; this patient did not undergo preop-
erative video-SEEG. In both patients, postoperative EEG
monitoring clearly revealed the contralateral onset of sei-
zures. Our conclusion is that both suffered from bilateral
MTLE, and due to this reoperation was not advised.

Discussion

Our study demonstrated that SAHE surprisingly leads
to a similar reduction of the amygdalar volume but ex-
pectably to a significantly lower reduction of the hippo-
campal volume than microsurgical AHE. However, de-
spite these volumetric differences, the clinical outcome of
SAHE 2 years after the therapy is comparable with the
classic microsurgical AHE. Postoperative changes of the
adjacent structures after SAHE depicted on MRI scans
are less destructive than after open microsurgical ap-
proaches. According to our study SAHE is a minimally
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Table 2. Group A (SAHE): relation between MRI volumetric data
and clinical seizure outcome

Sub- Treated Hippocampal Amygdalar Volume Engel’s
ject side volume, cm® volume, cm®  reduction, % class
basal 1 basal 1 hippo- amyg- ;f;eel;rs
year year  campus dala

Al L 1.5 05 19 07 653  62.2 ITA
A2 L 3.2 05 21 1.0 839 533 IB
A3 L 2.3 08 21 08 65.7 629 IA
A4 L 1.8 1.3 20 09 28.1 552 IB
A5 L 1.9 1.3 20 19 31.1 7.2 IB
A6 L 33 1.8 24 13 457  46.2 IC
A7 L 1.2 05 20 05 580 77.2 IA
A8 L 1.3 05 19 15 64.2  20.3 IB
A9 L 1.1 04 16 07 63.9 58.6 IA
Al10 L 1.7 06 14 0.6 62.6  58.8 IA
All L 3.1 1.9 35 24 389 297 IB
Al2 L 2.2 1.0 1.8 1.1 555 379 IA
Al13 L 2.1 05 18 0.8 75,5 56.4 IA
Al4 L 2.1 1.0 1.8 038 50.0 55.6 IA
Al5 L 1.4 1.2 21 15 156 28.0 ITA
Al6 L 1.2 03 19 0.6 72.1 675 IA
Al7 L 2.1 09 22 1.0 57.3  55.7 IA
Al18 L 1.1 05 16 0.6 569 61.7 IA
Al9 R 2.6 1.1 20 12 594  38.8 1IB
A20 R 2.1 1.1 1.8 1.2 50.2 355 1B
A21 R 1.3 1.2 15 07 79 516 IITA
A22 R 1.5 04 18 05 746  69.7 IC
A23 R 2.3 06 14 08 71.5 429 ITA

Table 3. Group B (microsurgical AHE): relation between MRI vol-
umetric data and clinical seizure outcome

Sub- Treated Hippocampal Amygdalar Volume Engel’s
ject side  volume,cm®  volume,cm®  reduction, % class
basal 1 basal 1 hippo- amyg- ;f;eerars
year year  campus dala
Bl L 1.8 0.3 1.7 02 827 856 IVB
B2 L 1.6 0.3 1.5 05 784 0643 IA
B3 L 1.2 01 20 09 901 558 IA
B4 L 3.0 1.0 20 18 657 10.1 1B
B5 L 1.4 0.3 1.7 14 76.0 18.0 IITA
B6 L 1.0 0.2 1.3 07 842 505 IIB
B7 L 35 03 23 07 914 719 ITIA
B8 R 1.3 0.2 1.3 02 858 843 1A
B9 R 2.6 0.3 1.8 1.3 872 307 ITA
B10 R 1.1 0.3 1.2 1.0 754 123 IA
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invasive alternative method to microsurgical AHE for the
treatment of MTLE.

Stereotactic operations and partial destruction of tar-
get AHC question the appropriate extent of resection.
The extent of resection of mesial temporal structures has
frequently been discussed since the randomized study of
Wyler et al. [25] and their statement that there is ‘a grow-
ing opinion that optimal seizure outcome from temporal
lobe resection can be expected if the majority or all hip-
pocampus is removed’. However, Wyler et al. did not use
a postoperative MRI for the control of the surgical resec-
tion extent. The question of the resection extent should
be considered on two levels: first, the considered extent
of resection of certain structures and second, how much
of the intended resection volume was really removed [26,
27]. MRI has been proved to be a valuable tool to assess
group data as well as to explore differences between indi-
vidual patients in a postoperative MRI-based follow-up
in epilepsy surgery patients. Several papers published
MRI volumetric postoperative data. Most of them calcu-
lated the whole volume of the resected tissues from the
temporal lobe or the length of the hippocampal resection
[28,29]. Authors who performed MRI volumetry analysis
often came to the conclusion that the amount of the re-
sected tissues varies considerably [28, 30]. Detailed volu-
metry of the hippocampus and of the parahippocampal
region was published by Noulhiane et al. [31] after ATL
and AHE. Their volumetric results were similar to ours
from the group of subjects treated surgically. In the lit-
erature we can find a lot of papers with controversial
statements on the appropriate extent of surgical resec-
tions. Some authors stated that a larger extent of resection
has influence on better seizure control [32, 33]. Others
have stated that the extent of resection is not the most
important factor for the clinical seizure outcome [26, 34,
35]. This situation was well analyzed and commented in
the critical review by Schramm [36]. Our study supports
the opinion that the complete removal of the AHC is not
necessary for a good postoperative outcome. This is even
more evident from the variable extent of the amygdalar
resection/reduction, which does not correlate with the
clinical outcome. Our results lead to the suggestion that
it is not important to completely remove/destroy mesio-
basal structures of the temporal lobe but that it would be
enough to do partial resection/destruction of these struc-
tures and that partial destruction is sufficient for the in-
terruption of the network between mesiobasal structures.
Thus, it could be sufficient to interrupt connections in
the network which builds up seizures [36]. However, we
must notice that the residual structures after SAHE are
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different from residual structures after microsurgical
AHE. After SAHE they must be at least partially changed
by gliosis and atrophy. Furthermore, we have no evidence
of the amount of viable tissues of the AHC after SAHE.
Also we do not know anything about the capability of the
remaining partially changed hippocampus, amygdala
and parahippocampal region for generating seizures dur-
ing the next years.

Parrent and Blume [18] reintroduced SAHE in 1999.
They performed 22 SAHE procedures in 19 patients. Dif-
ferently to us, they used the lateral (temporal) access, sev-
eral trajectories and produced the lesions by straight and
curved electrodes with fixed tips [18]. Our technique is
different; we use the occipital access, only 1 trajectory
and produce lesions in the long axis of the AHC using an
electrode with a flexible tip. The sizes of the lesions pro-
duced in our study were significantly larger. Hippocam-
pal and amygdalar volume reduction was not calculated
in the study of Parrent and Blume [18], so we cannot com-
pare their volume reduction with our data. The clinical
outcome 2 years after the procedure was clearly better in
our study and was comparable with the open surgery ap-
proaches [36-38].

Another alternative procedure was recently published
by Catenoix et al. [39]. They provided SEEG thermoco-
agulation in different types of epilepsies. SEEG thermo-
coagulation means thermocoagulation by electrodes im-
planted for SEEG diagnostic monitoring after the local-

ization of epileptic zones. The authors noted the best
results in patients with dysplasia or heterotopia with sei-
zure reduction over 50% in 67% of the treated patients.
They suggested that SEEG-guided thermocoagulation
should only be used as a palliative method for the drug-
resistant epileptic patients for whom conventional resec-
tion surgery is risky or contraindicated. Thus, their tech-
nique is completely different from ours.

Every stereotactic approach has some risk of intracra-
nial bleeding, but similarly to the other studies [18, 39],
we did not detect any serious hemorrhages. All patients
tolerated the procedure well. Complications after the
procedure were mostly minor and reversible in all cases
[19, 20].

Our study has several limitations. First, the group size
was relatively small, because the study was conducted as
a single-center study. Secondly, our study was not ran-
domized. Finally, 2 years is a relatively short period for
clinical follow-ups and we have not yet had sufficient data
for neuropsychological outcomes. The ideal design for a
further study would be a prospective randomized multi-
center study.
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Purpose: We sought to determine the neuropsychological outcome after stereotactic radiofrequency
amygdalohippocampectomy performed for intractable mesial temporal lobe epilepsy.

Methods: The article describes the cases of 31 patients who were evaluated using the Wechsler Adult
Intelligence Scale-Revised and the Wechsler Memory Scale-Revised prior to, and one year after, surgery.
Key findings: Patients showed increases in their mean Full Scale, Verbal and Performance IQ scores of 4, 3
and 4 1Q points respectively (p < .05). 5 (17.2%), 4 (13.8%) and 4 (13.3%) patients improved in their Full-
scale, Verbal and Performance IQ respectively. No significant changes were found in memory
performance - with a mean increase of 1, 3 and 0 MQ points in Global, Verbal and Visual memory
respectively (p < .05). Global memory improved in 3 (10.3%) patients, verbal memory in 1 (3.4%) and 1
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Memory patient (3.3%) showed deterioration in visual memory.
Intelligence Significance: Our results provide evidence for unchanged memory in patients with MTLE after the

procedure. No verbal memory deterioration was detected in any of our patients, while improvements
were found in intellectual performance. The results suggest that stereotactic radiofrequency
amygdalahippocampectomy could be superior to open surgery in terms of its neurocognitive outcomes.
A larger randomised trial of these approaches is justified.

© 2012 British Epilepsy Association. Published by Elsevier Ltd. All rights reserved.

important in terms of memory preservation. Results of some studies
suggest that selective ablation of mesial temporal lobe structures
(amygdalohippocampectomy) is an alternative to anterior temporal
lobectomy with respect to seizure control.> Neuropsychological
outcomes are reported to be somewhat better in more restricted
procedures.®~® However, the minimal extent of mesial temporal
resection necessary to obviate adverse neuropsychological out-
comes with an equal chance of postoperative seizure freedom
remains unclear.’

Stereotactic  radiofrequency  amygdalohippocampectomy
(SAHE) is an alternative therapy for MTLE.!° It was reintroduced
in a modern setup by the London-Ontario group.!! Stereotactic
thermo-lesion of amygdalo-hippocampal complex (AHC) using a

1. Introduction

Surgery has become a treatment option for some patients with
intractable epilepsy. Mesial temporal lobe epilepsy (MTLE) with
mesial temporal sclerosis (MTS) is the most surgically amenable
epilepsy diagnosis. The results of epilepsy surgery are clearly
superior to prolonged medical therapy.!> However, patients who
could benefit from the procedure might be deterred from
undergoing surgical evaluation due to concerns regarding sur-
gery-induced memory deficits.>*

The most frequently performed surgery for MTLE is anterior
temporal lobectomy. During this procedure white matter tracts may
be transected or functional tissue that is not necessarily

epileptogenic may be removed. Sparing these structures may be

Abbreviations: AHC, amygdalo-hippocampal complex; MTLE, mesial temporal lobe
epilepsy; MTS, mesial temporal sclerosis; SAHE, stereotactic radiofrequency
amygdalohippocampectomy.
* Corresponding author at: Department of Neurology, Roentgenova 2, 150 30
Prague 5-Motol, Czech Republic. Tel.: +420 2 5727 2556; fax: +420 2 5727 3314.
E-mail address: zdenek.vojtech@homolka.cz (Z. Vojtéch).

modified technical approach has been used at our institution since
2004 and studies describing the favorable epileptological outcome
of this procedure have been published.!*!3

We hypothesized that the less complete destruction of
mesial temporal structures compared to microsurgical resection
could preserve postoperative memory functions. The aim of
this study is to summarize the neuropsychological results
after SAHE.

1059-1311/$ - see front matter © 2012 British Epilepsy Association. Published by Elsevier Ltd. All rights reserved.

doi:10.1016/j.seizure.2012.02.008
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2. Methods
2.1. Patient selection

We prospectively studied neuropsychological changes in 31
patients who underwent SAHE (25 left-sided) at the Department of
Stereotactic and Radiation Surgery at our institution during the
period from 2004 to 2009. Only those who had been neuropsy-
chologically evaluated by one neuropsychologist (LK) and followed
up at our center were included. We excluded 8 patients who had
been diagnosed and followed up elsewhere and 3 otherwise
eligible patients who had failed to complete a neuropsychological
evaluation one year after surgery (one seizure-free patient
committed suicide, one Class Il patient died due to an accident
and one seizure-free subject refused to participate). 3 patients who
have not had a two-year follow-up and 6 patients who have both
not had sufficient follow-up and were followed-up elsewhere were
also excluded.

Demographic data and the results of the diagnostic evaluation
are summarized in supplementary material (Table Al). These
patients are a subset of 51 patients on whom SAHE has been
performed in our institution to date. There were 15 men and 16
women with a mean age at the time of operation of 37.7 (SD 11.2,
18-65) years and an illness duration of 22.1 (SD 11.1, 6-37) years.
The mean duration of formal education was 11.8 (SD 2.1, 7-17)
years. Mean seizure frequency 6 months prior to the operation was
5 per month (SD 4.5, 1-20). 24 patients were right-handed, 3 left-
handed and 4 were ambidexterous. The larger proportion of left-
sided patients is certainly a referral bias as referring physicians
tend to send patients at risk for postoperative memory decline to
our center for a procedure which, in the event of failure, could be
followed by standard surgery.

Preoperatively (supplementary material, Table A2), patients
underwent a standard non-invasive evaluation protocol (magnetic
resonance imaging - MRI, interictal and ictal scalp video-
electroencephalography - video-EEG, '8F-fluorodeoxyglucose pos-
itron emission tomography - PET, Wada test, visual field and
complex neuropsychological assessment). In one patient, the MRI
showed right-sided MTS but PET hypometabolism and the ictal
EEG pattern were bilateral. This patient was evaluated using a
combination of depth and subdural electrodes. In two patients, the
MRI was normal but temporal hypometabolism and the ictal
pattern collocalized to the same temporal lobe. In one patient, the
ictal pattern was bilateral but the MRI showed MTS and the PET
confirmed this. In two patients, PET was not performed. In one
patient, a more widespread mesiotemporal dysplastic lesion on the
same side as the mesial temporal sclerosis was evident. All patients
were subsequently diagnosed with intractable MTLE.

After completion of the preoperative evaluation, the patients
were informed of their treatment options and SAHE was
mentioned as one of these. If they chose SAHE, they signed an
informed consent form. The methodology for this study was
approved by our hospital’s ethics committee.

2.2. Surgical technique

The surgical procedure used in this study has been described in
detail in our previous paper.'® The Leksell stereotactic system was
used to plan a single trajectory along the long axis of the
hippocampus, avoiding the ependymal surface of the ventricles. A
percutaneous drill-hole was performed under local anesthesia at
the entry point in the occipital region. The target point was placed
in the amygdala. Thermo-coagulation of the amygdalohippocam-
pal complex (AHC) and part of the parahippocampal gyrus,
depending on the individual anatomy of the patient, was carried
out using a string electrode with a 10 mm bold active tip. A mean of

Fig. 1. Therapeutic electrode with a telescopic tip. During the procedure the active
tip is exserted 8 mm from the guiding tube (external diameter 1.8 mm). After the
coagulation is accomplished the tip is retracted, the guiding tube is rotated 45° and
the tip is exserted again to make another lesion. After lesioning is complete in one
position the probe is withdrawn by 55 mm and another series of thermolesions is
performed.

26.4 lesions (17-38) were placed in each patient along the
trajectory in AHC (Fig. 1). The local temperature was 75 °C or 88 °C,
depending on the probe thickness.

We have reported the radiological results elsewhere.'>~1> For
the purpose of this article, it may be important to mention that
only part of the confluent lesion seen on MRI scans obtained on the
day following surgery (Fig. 2a), was converted into a pseudocyst
one year after operation (Fig. 2b).

2.3. Neuropsychological evaluation

All patients underwent neuropsychological assessment preop-
eratively and 12 months after surgery. They were tested in two
sessions over two consecutive days, each lasting 60-90 min.
During the first day a psychological interview was performed and
WAIS-R presented. Memory, verbal functions and quality of life
were assessed using WMS-R, a Verbal Fluency Test (standardized
Czech versions) and a Quality of Life Questionnaire (Qolie-89)
respectively, on the second day (the Qolie-89 and the Verbal
Fluency Test were not used in this study). The patients were
informed of the test results at the end of the session.

2.4. Statistics

We compared Full-Scale (FS-IQ), Verbal (VIQ) and Performance
IQ (PIQ), all subtests of the WAIS-R, Global, Verbal and Visual
Memory Quotients (MQ), and all WMS-R subtests in the pre- and
postoperative sessions.

Changes at group level were assessed using paired t-tests. We
also tried to estimate the operation benefit at an individual level
and employed the Reliable Change Index (RCI) classification.'®!”

Using this classification, patients were divided into groups
according to whether they demonstrated a significant postopera-
tive improvement when performing the task, deterioration or no
change.

We used test-retest reliability coefficients for each test score
from which the standard error (SE) of difference was derived. From
this we calculated a 95% confidence interval (CI) for the change.
Score changes which fell within the specific CI would represent
changes that could occur by chance 95% of the time. Score changes
outside the CI would represent a statistically reliable change that
would occur <2.5% of the time in patients without surgical
intervention. The RCI classification is based on the extent of the
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Fig. 2. Coronar sections, FLAIR weighted MR images on the second day after operation (a) and 1 year postoperatively (b). Coronal sections, FLAIR weighted MR images on the
second day after operation (a) and 1 year postoperatively (b) (arrows). Post-contrast enhancement in the right hippocampus, amygdala and parahippocampal gyrus alongside
a slight vasogenic oedema caused by breakdown of the blood-brain barrier could be seen shortly after operation (a). 1 year after operation a small pseudocyst formation,
atrophy and collateral hyperintensity (presumably gliosis) are present in the target area (b).
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individual change, while both the general variance of the data and
instrument reliability are also considered.

3. Results
3.1. Surgical results

At last follow-up, 23 (74.2%) patients were Engel class I, 5
(16.1%) Class II, 1 (3.2%) Class Il and 2 (6.5%) Class IV.
Postoperatively, 16 patients reported headaches and 10 of these
had signs of meningeal irritation (nuchal rigidity, Kernig’s sign,
Brudzinski’s sign). These symptoms rapidly resolved after symp-
tomatic treatment. We feel that proper postoperative care with
preventive administration of antibiotics and painkillers and bed
rest is important as patients who were transported to another
hospital after the procedure experienced a slightly elevated rate of
adverse events.!> Aseptic meningitis, a small asymptomatic
subdural hematoma and a small asymptomatic intracerebral
hematoma in the electrode trajectory were diagnosed, each in
one patient. All these patients recovered without any permanent
sequelae. In one patient, an electrode fragment was found in the
hippocampus. Although he was asymptomatic, postoperative MRI
control could not be performed. Due to the postoperative
persistence of seizures (Il A, II A and IV A) one repeated SAHE
and 2 anteromesial temporal lobectomies were performed with a
A outcome for all.

3.2. WMS-R and WAIS-R scores

The following tables summarize our results. Tables 1 and 2
show test-retest means, SD and mean performance changes, test—
retest reliabilities and significance levels for the whole group.
Changes in memory outcome are presented in Table 1 (WMS)
while intellectual outcome is illustrated in Table 2 (WAIS-R).
Significant differences are outlined in bold print in Table 2. Table 3
shows intraindividual changes according to reliable change indices
for both memory and intelligence. Thus, no significant memory
changes could be demonstrated in Table 1 and significant
improvement in Full-scale, Verbal and Performance IQ scores
can be seen in Table 2.

3.3. Memory outcome

In the group as a whole there were no statistically reliable
changes in Global, Verbal and Visual MQ (p =0.635; 0.318 and
0.855 respectively) and all other memory subtests.

At an individual level (Table 3 and supplementary material
Table A3), 3 (10%) patients showed significant improvement in
global memory performance, 1 (4%) patient deteriorated and 25
(86%) did not change. 1 patient (3%) demonstrated reliable
improvement and none showed deterioration in their verbal

Table 1
The WMS-R scores - Global, Verbal and Visual Memory Quotients and all subtests.

memory performance, while 28 (97%) were unchanged. In visual
memory performance, there was one patient with reliable
deterioration, none improved and 29 (97%) of patients were
unchanged. Reliable improvement in attention was shown in 4
(13%), deterioration in 1 (3%) and no change in 25 (84%) patients. A
relatively high rate of reliable deterioration (4 patients, 17.5%), but
also the highest rate of reliable improvement (4 patients, 17.5%),
were observed in Delayed recall.

The patient who deteriorated in global memory (No. 8) was a
right-handed, left-sided speech and memory dominant person,
operated on her left. She did not have MTS and was not rendered
seizure-free (Engel IIIB).

All those who improved in global memory were operated on the
non-dominant side. 2 were right-handed left-side language
dominant, operated on their right, 1 left-handed operated on
the left side. According to the Wada test, memory results were
inconclusive in the left-hander. Memory was localized in the right
temporal lobe in one of the right-handers. This patient (No. 30) also
improved in verbal memory. Interestingly, based on the Wada test,
surgery may not have been recommended to him (because he
failed the memory tests after a right-sided injection and the
operation was planned, and finally performed, on the right side). In
all those whose global memory improved (Nos. 6, 22, 30), MTS was
diagnosed and their postoperative course was favorable (Engel IC,
IA and IB, respectively).

The patient who showed significantly deterioration in visual
memory (No. 17) was a right-handed person with left-sided speech
and memory dominance who was operated on the left side. He had
left-sided MTS and was Engel Class IB. Preoperative memory
performance of both deteriorated patients was above average.

Delayed recall significantly deteriorated in one left-hander
operated on the left side and 3 right-handers operated on the right.
Among those who improved were 2 ambidexterous, 1 left-handed
and 1 right-handed patient, all operated on the left side.

3.4. Intellectual outcome

There was a small, but statistically significant improvement
in Verbal, Performance and Global intellectual performance
(p=0.001, 0.002 and 0.004 respectively) in our group of
patients. Patients showed significant improvement in Subtests
Information (p=0.028), Vocabulary (p=0.018) and Object
Assembly (p < 0.0001).

At an individual level (Table 3 and supplementary material
Table A4), 5 (17%) patients improved in Global intellectual
performance, and 83% of patients remained unchanged. Verbal
IQ improved in 4 (14%) patients and Performance IQ in 4 (13%)
patients; no deterioration was found.

The pattern of patients with intellectual gain after surgery is not
clear. 4 left- and 1 right-sided patients had improved FS-1Q (Nos. 7,
21, 22, 29, 30) and their seizure outcome was favorable (4 with IA

WMS-R Before surgery 1 year after surgery Mean change Test-retest reliability Significance level p
Global MQ 92.7 (17.7) 93.8 (17.3) -1.13 0.81 0.635
Verbal MQ 90.0 (19.1) 92.5 (17.9) -2.50 0.77 0.318
Visual MQ 97.8 (15.4) 98.2 (11.9) -0.39 0.70 0.855
Attention 81.13 (18.97) 81.10 (17.30) 0.03 0.90 0.990
Delayed recall 89.33 (14.10) 91.54 (25.04) -0.46 0.77 0.648
Figural memory 6.65 (1.50) 6.74 (1.37) -0.10 0.44 0.708
Logical Memory | 21.07 (9.32) 23.65 (8.16) -2.58 0.74 0.067
Visual Paired Associates | 12.16 (4.20) 11.1 (3.96) 1.07 0.58 0.072
Verbal Paired Associates I 16.03 (6.27) 15.71 (5.92) 0.32 0.60 0.710
Visual Reproduction | 34.07 (4.65) 35.00 (3.97) -0.94 0.59 0.107
Logical Memory II 16.46 (7.75) 21.33 (19.3) —4.88 0.75 0.255
Visual Paired Associates Il 5.17 (1.13) 8.83 (19.72) -3.67 0.59 0.379
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Table 2

Test-retest means, SD, mean difference score, test-retest reliability and significance level of the t-test.

Mean change Test-retest reliability Significance level p

WAIS-R Before surgery 1 year after surgery
Full-Scale 1Q 89.8 (12.9) 94.5 (14.5)
Verbal 1Q 90.9 (12.7) 93.5 (14.7)
Performance 1Q 89.9 (13.8) 94.2 (14.4)
Information 7.83 (3.12) 8.59 (3.76)
Digit span 7.27 (3.36) 7.33 (3.14)
Vocabulary 8.47 (2.66) 9.00 (2.98)
Arithmetic 9.35 (3.19) 9.62 (3.41)
Comprehension 9.04 (2.38) 9.35(2.55)
Similarities 8.53 (2.21) 9.10 (3.13)
Picture completion 8.48 (2.68) 8.83 (2.69)
Picture arrangement 8.36 (2.01) 8.46 (1.76)
Block design 10.26 (3.78) 10.90 (3.26)
Object assembly 7.50 (2.81) 8.87 (3.04)
Digit symbol 8.48 (2.80) 9.16 (2.34)

-3.69 0.94 0.001
—2.62 0.96 0.002
—4.33 0.90 0.004
-0.76 0.86 0.028
-0.07 0.83 0.883
—0.53 0.91 0.018
-0.28 0.80 0.433
-0.31 0.65 0.403
—0.57 0.65 0.271
—0.36 0.74 0.329
-0.10 0.58 0.777
—0.65 0.91 0.053
-1.37 0.81 0.000
—0.68 0.90 0.055

Significant differences (p < 0.05) are outlined in bold print.

and 1 with IB). VIQ improvement (Nos. 2,22, 30, 31) was seen twice
after left- and twice after right-sided procedures. Seizure outcome
was good for 3 patients (IC, IA and IB, respectively) and poor (Engel
Class IVB) for 1. PIQ improved in 3 left- and 1 right-sided operated
patients and seizure outcome was consistently good (3 with IA and
1 with IB).

Gender, age of onset, presence of risk factors, seizure frequency
and epilepsy duration did not differ in those with significant
memory or intellectual changes and mean group values.

4. Discussion

Mesial temporal structures (hippocampus, perirhinal area,
entorhinal area, parahippocampus) and the temporal neocortex
are key areas supporting memory (beside extratemporal structures
such as the thalamus, lateral frontal cortex and associative
cortices).’® This system cooperates with the neocortex to establish
and maintain long-term memory. The aim of surgery for MTLE is
the removal of the mesiotemporal areas (amygdala, hippocampus,
and parahippocampal gyrus). It follows that severe problems in
memory may result. The consequences of surgical intervention on
the cognitive functions of patients with MTLE remain controver-
sial. ATL may result in material-specific memory impairment,
typically verbal memory decline following left'® and visual
memory decline after right?° temporal lobe resection. Although
most surgical epilepsy patients do not notice post-operative
changes in their memory function,?! a small proportion of patients
do experience negative effects in their everyday life.?? Verbal
memory functions are particularly at risk after left-sided resections
in patients with mild mesial temporal sclerosis and normal
presurgical verbal memory.2*> However, some studies have shown
that successful surgery can stop or reverse the cognitive decline

Table 3
Intra-individual changes according to reliable change indices.
Improvement No change Deterioration
N (%) N (%) N (%)
WMS-R
Global MQ 3(10) 25 (86) 1(4)
Verbal MQ 1(3) 28 (97) 0(0)
Visual MQ 0(0) 29 (97) 1(3)
Attention 4 (13) 25 (84) 1(3)
Delayed recall 4(17.5) 15 (65) 4(17.5)
WAIS-R
Full-Scale 1Q 5(17) 24 (83) 0(0)
Verbal 1Q 4 (14) 25 (86) 0(0)
Performance 1Q 4(13) 26 (87) 0 (0)

Some patients did not complete all the subtests pre- or postoperatively.

caused by intractable epilepsy. Results of other studies provide
evidence for further decline of verbal memory functions up to 2
years after left-sided operations, which does not worsen thereaf-
ter.24#2> However, some studies found progressive memory
impairment even later after the operation.>?® Most studies
(although not all) find improved verbal memory after left-sided
selective amygdalohippocampectomy compared with anterome-
sial temporal resection.®

Several approaches have been developed to avoid unnecessary
damage to the lateral temporal neocortex — namely transsylvian,
subtemporal, and transcortical (trans-middle temporal gyrus)
selective AHE. Some authors report no significant postoperative
decline of verbal memory or even a slight improvement on the
language-dominant side.?”?® Others advocate amygdalohippo-
campectomy in patients who fail the contralateral Wada test.
Nevertheless, there is evidence that some neuropsychological
consequences may be due to collateral damage even in these
selective approaches.?® Furthermore, some authors claim that even
limited approaches can lead to memory impairments.3°

We developed SAHE to avoid any damage to the temporal lobe
neocortex and white matter tracts. We have shown that it is safe
and efficient with respect to seizure outcome in our previous work.
The aim of the present study was to show the neuropsychological
results of this procedure. Notably, it can be repeated or the patient
can be referred to conventional surgery in case of failure.

Cognitive outcome after resective surgery can be affected by
numerous variables, e.g. antiepileptic drugs administration,
baseline test values, seizure outcome, etc. We did not change
the antiepileptic drug regimen in any of our patients postopera-
tively. Volume reduction of mesial temporal structures varies
widely and is regionally complex and we therefore chose to
correlate volume reduction and neuropsychological outcome in a
later work.

Our main finding is that at the group level our patients showed
slight intellectual improvement and no memory change. We would
like to stress that there were more improved than deteriorated
patients in both the memory and intelligence domains. It is worth
noting that we did not find any case of significant worsening of
verbal memory.

The lack of postoperative memory improvement on the group
level could be due to the destruction of nonpathological functional
tissue®! as SAHE attacks the same structures as conventional
epilepsy surgery methods. One cannot expect consistent functional
improvement after the destruction of a structure responsible for
this function. As group statistics are of limited value,>? and due to
the small sample size, we should like to take the opportunity to
discuss possible reasons for postoperative gains and losses in
individual patients, where our results are also consistent with
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previously published microsurgical amygdalohippocampectomy
studies.

In the patient (No. 8) whose global memory deteriorated, there
were several unfavorable prognostic factors. She was operated on
her speech- and memory-dominant side, her preoperative memory
was above average and she was non-lesional. In this situation
invasive recording might have been considered prior to surgery.>>
However, a similar cumulative presence of negative prognostic
factors was present in our other non-lesional right-sided patient
(No. 12), who is Engel IB and without cognitive deficit. This
illustrates the well-known fact that operating on the speech-
dominant side is always risky and preoperative brain MRI is critical
for the selection of these patients.3* This case also shows that
decline in memory function is associated with a poor surgical
outcome.? In all patients who improved in global memory (1 of
them also improved in verbal memory) after the operation, their
preoperative memory function decreased in comparison to the
norm on the operated side. They had been lesional, were operated
on the non-dominant side and their postoperative course was
favorable. This is in agreement with published data that operating
on the language non-dominant hemisphere might improve
memory functions.® Taken together, these findings are consistent
with the “functional adequacy” model.’

The cause of visual memory deterioration in one patient (No.
17) is unclear as she was operated on her left side and seizure
outcome was favorable (IB). It seems that no predictive model can
be 100% accurate.

The cause of postoperatively improved IQ is not clear. However,
this is a consistent finding in most studies.>® In some previous
reports,?43? the long-term positive course in the IQ variables was
interpreted as being due to practice effects. This could be the case
in our study, even though we used the reliable change indices
method in the interpretation of our results which should eliminate
these effects. Even using this instrument we cannot exclude the
possibility that test-retest effect played some role. Interestingly,
although most patients who improved intellectually after the
procedure had favorable seizure outcomes, intellectual improve-
ment occasionally also occurred in surgical failures.

Significant improvement was found in some subtests in WAIS-R
(Information, Vocabulary and Object Assembly). We did not
specifically evaluate remote memory (episodic and semantic),
but these subtests do sample a range of remote memory. It is
therefore possible that SAHE, by sparing temporal neocortical
structures and their connections to other cortical regions, could
improve some aspects of intellectual performance and remote
memory functions.

Because most studies® show a certain deterioration in verbal
memory at group level, even after left-sided selective amygdalo-
hippocampectomy, our conclusion is that SAHE may be a more
suitable alternative to standard epileptosurgical procedures in
terms of neurocognitive outcomes.

Our study has several limitations:

(1) The number of treated patients is too small and the number of
comparisons of various parameters extremely large (increasing
the risk of false positive findings).

(2) The length of postoperative observation is quite short. We
cannot draw any conclusions with regard to the accelerated
memory loss reported in some studies.

(3) The neuropsychological battery is limited and mostly focused
on anterograde memory. Therefore, no conclusion can be made
regarding remote and long-term memory, for example, which
could be of particular relevance to our topic.

(4) Most of our patients were left-sided. This could be an
advantage as most concerns regarding temporal lobe epilepsy
surgery deal with dominant side surgery. But it certainly is a

bias reflecting physicians’ worries about verbal memory
expressed in patient/physician communication.

(5) We do not have a control group of open surgery patients and
untreated patients (to confirm the test-retest effects). Our
cohort is also not entirely homogenous, although MTLE has
been diagnosed in all patients.

Further randomized studies (ideally comparing SAHE with
transsylvian’ or subtemporal®® selective amygdalohippocampect-
omy, where improvements in certain aspects of verbal memory
have been found) and extended observational periods using a
wider range of neuropsychological methods are needed.
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outcome; We included 35 patients with drug-resistant MTLE treated by SAHE. MRI volumetry and neu-
Hippocampus ropsychological examinations were performed before and 1 year after SAHE. Each year after

SAHE clinical seizure outcome was assessed.

One year after SAHE 77% of patients were assessed as Engel Class I, 14% of patients was classi-
fied as Engel Il and in 9% of patients treatment failed. Two years after SAHE 76% of subjects were
classified as Engel Class I, 15% of patients was assessed as Engel Il and in 9% of patients treatment
failed. Hippocampal volume reduction was 58 + 17% on the left and 54 +27% on the right side.
One year after SAHE, intelligence quotients of treated patients increased. Patients showed
significant improvement in verbal memory (p=0.039) and the semantic long-term memory
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recall and LTM. No changes in memory were found in patients treated on the left side. There
was a trend between the larger extent of the hippocampal reduction and improvement in visual
memory in speech-side operated.
© 2012 Elsevier B.V. All rights reserved.

Introduction years. Stereotactic surgical attempts started in the 1950s.

Temporal lobe epilepsy (TLE) is the most common type of
focal epilepsy in adults. The majority of epilepsy activity in
TLE originates from mesial structures of the temporal lobe.
A clinical picture of this type of epilepsy, mesial tempo-
ral epilepsy (MTLE), was defined by Wieser et al. (1993).
A minority of seizure activity is generated in lateral tempo-
ral neocortex (NTLE). TLE is also very often drug resistant,
with only approximately 25% of subjects diagnosed with
MTLE responding to antiepileptic drugs. However, TLE is
the most surgically amenable type of epilepsy and seizure
control after surgery is clearly superior to medical therapy
(Wiebe et al., 2001; Spencer et al., 2003). According to a
meta-analysis performed by Tellez-Zenteno et al. (2005),
the long-term seizure-free rate is approximately 66% after
surgery.

For many years, standard anterior temporal lobectomy
(ATL) was the most frequently used type of resection for the
treatment TLE. This type of resection usually involves resec-
tion of the amygdala, hippocampus, temporal pole and the
parahippocampal gyrus, with a resection line in the tem-
poral neocortex extending 3—3.5cm from the temporal tip
(Spencer and Inserni, 1991). Niemeyer (1958) has introduced
a selective transcortical amygdalohippocampectomy (SAH)
for the treatment of MTLE. Yasargil et al. (1985) have pro-
posed a transsylvian variant of SAH. Many studies have come
to the conclusion that different surgical approaches in MTLE
do not result in different seizure outcomes (Schramm, 2008).

The strategic role of the temporal lobe in human mem-
ory is well known and it is clear that epilepsy surgery
of the temporal lobe results in cognitive impairment. The
first case to document a clear connection between mem-
ory and the temporal lobes was published by Scoville and
Milner (1957), who reported profound amnesia following bi-
temporal lobectomy. After ATL, 25—50% of operated patients
have been shown to suffer a significant decline in episodic
memory functions on long term follow-up (Helmstaedter
et al., 2003). There is evidence that cognitive outcome fol-
lowing selective approaches in MTLE is better than after
ATL (Schramm, 2008; Alpherts et al., 2008; Helmstaedter
et al., 2008; Morino et al., 2006; Paglioli et al., 2006). Mem-
ory outcome after temporal lobe surgery clearly varies with
the extent of healthy, functional mesial tissues removed
(Bonelli et al., 2010). Subsequent studies have demon-
strated a decline in memory function after temporal surgery
depending on laterality. Patients after left-sided lobectomy
tend to be more impaired in memory tasks involving ver-
bal recall (Baxendale, 1995). There is also evidence that
patients without left hippocampal sclerosis achieve a signif-
icantly worse memory outcome than those with hippocampal
sclerosis (Hermann et al., 1995).

The goal of surgery is not only seizure relief but to
improve the patient’s quality of life, and is the reason that
less invasive surgical approaches have been researched for

Pioneers of these methods coped with impossibilities of
visualization of the operated field and insufficient diagnos-
tic workup (Talairach et al., 1974; Vladyka, 1978). These
problems have been solved by the Leksell stereonaviga-
tion system, MRI, and other modern diagnostic possibilities
(Spencer, 2002). In the past, there were studies describing
the stereotactic therapy by Gamma knife, brachytherapy
and finally radiofrequency (Talairach et al., 1974; Vladyka,
1978; Regis et al., 2004; Parrent and Blume, 1999). Stereo-
tactic radiofrequency amygdalohippocampectomy (SAHE)
modified by Liscak et al. (2010) is a stereotactic, minimally
invasive and safe alternative to classic microsurgery for
the treatment of MTLE. This method results in only partial
destruction of target mesial structures of the temporal lobe
(Malikova et al., 2009, 2010, 2011). Despite this fact, the
two-year clinical seizure outcome is comparable with open
surgical approaches (Liscak et al., 2010; Malikova et al.,
2011).

SAHE has been performed at our epilepsy center since
2004, and fifty-five MTLE patients were treated by this
method between 2004 and 2010. In our previous studies we
correlated MRI volumetry of the residual structures after
SAHE with clinical seizure outcomes. We did not find any cor-
relation. Our results promote conclusions of other authors
that clinical seizure outcomes do not correlate with extent
of the resection of mesial temporal structures. The present
study evaluates neuropsychological outcomes after SAHE
and correlates them with MRI volumetry of the residual hip-
pocampal tissue.

Materials and methods

Patient selection

Between 2004 and 2010, fifty-five consecutive patients with
MTLE were treated by SAHE at our Department of Stereotac-
tic and Radiation Neurosurgery. Because we treated patients
who were indicated also from other Centers, we included
only patients with MTLE who were collected, indicated and
followed-up in our Epilepsy Center. Forty-four patients were
diagnosed, surgically treated and followed-up at our institu-
tion. Eleven patients were excluded due to incomplete data
as they were sent from other institutions for SAHE treat-
ment. Minimal requirements for inclusion in the study were
as follows: (1) completed one year clinical follow-up includ-
ing electrophysiological data, (2) complete preoperative and
one year postoperative MRI, and (3) preoperative and one
year postoperative neuropsychological examinations. Forty-
one of our patients finished a one year clinical seizure
follow-up and thirty-six patients underwent an MRI at one
year. One patient died from injuries. We included 35 patients
that finished the complete clinical, MRI and neuropsycho-
logical follow-up at one year. Preoperatively, patients were
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evaluated according to standard protocol (MRI, FDG-PET,
video-scalp EEG, Wada test using methohexital and neu-
ropsychological assessment). Only 32 patients underwent
the Wada test; 3 refused this procedure. According to the
results of preoperative assessment, all patients suffered
from chronic medically intractable MTLE. The SAHE tech-
nique was approved by the local Ethical Committee and all
subjects provided signed, informed consent. Anti-epileptic
medical therapy in all patients has not been changed at least
2 years after SAHE.

SAHE technique

Technical details of the stereotactic technique were
described by Liscak et al. (2010).

Stereotactic procedures were done under local anesthe-
sia and mild sedation. The Leksell stereotactic system was
used. The coordinate frame was attached to the patient’s
head under local anesthesia. MRl with an indicator box
using 1.5 T whole body MRI system with a three-dimensional
volume acquisition sequence with an intravenous contrast
agent administration to visualize cortical vessels, were per-
formed. The entry point was placed in the occipital region
and the single trajectory was planned on Surgi Plan (Elekta
Instruments, Sweden). A percutaneous drill-hole was per-
formed. The target point of the trajectory was placed in
the amygdala with maximal efforts to avoid the ependy-
mal surface of the ventricle. Thermo-coagulation of the
amygdalohippocampal complex was planned according to
the individual anatomy of the patient. SAHE was carried out
by the string electrode with the flexible 10 mm bold active
tip. Seventeen to 30 (median 24) lesions were done using
Neuro N50 (Fischer-Leibinger, Germany) system along the
32—37 mm (median 35 mm) trajectory in AHC. Local temper-
ature was 75°C or 88 °C depending on the probe thickness.
The same neurosurgeon performed all operations (RL).

MRI methods

MRI scanning was performed on a 1.5 T whole body MRI sys-
tem. In addition to common sequences (TSE T2/PD WI axial,
T2 WI turbo FLAIR axial and coronal, TSE T2 WI coronal and
SE T1 Wl sagittal plane; coronal planes were orientated per-
pendicular to the long axis of the hippocampus), a three
dimensional (3D) volume acquisition sequence (FLASH 3D,
TR 25ms, TE 5ms, flip angle 37¢, slice 1.3 mm, matrix size
256 x 256) were obtained.

We performed MRI volumetry of the hippocampus from
the preoperative MRI and from MRI obtained one year after
the therapy. Hippocampal volumes were measured accord-
ing to a well-defined protocol (Cook et al., 1992; Watson
et al., 1997). Right and left hippocampal volumes were
measured separately from MRI scans obtained before the
stereotactic treatment and one year after the treatment.
Anatomical hippocampal boundaries were determined on
the following criteria (MacMaster and Kusumakar, 2004). The
appearance of the mammillary bodies was used as a land-
mark to demarcate roughly where the amygdala starts to
appear as one moves to the anterior of the brain from the
posterior. As slices move anteriorly, amygdala gray matter
begins to extend superior to the hippocampus with good

resolution, the lateral ventricle can be seen between the
hippocampus and amygdala. Sagittal views aided in this
demarcation. The posterior border was demarcated by the
clearest appearance of the fornix. The lateral border was
defined by the temporal horn of the lateral ventricle and/or
the white matter adjacent to the hippocampal gray matter.
The inferior border was demarcated by the white matter
of the parahippocampal gyrus. The volumes were calcu-
lated with software developed in house for a standard work
console. The volumes of hippocampus in all patients were
measured by the same investigator (HM), who was blinded to
all clinical data. The cases were analyzed in random order.

Evaluation of clinical outcome with respect to
seizures

The clinical seizure outcome was independently assessed
by an experienced neurologist. The independent neurologist
assesed the full clinical examination including EEG monitor-
ing, laboratory tests, MRl and studied the patients’seizure
diaries. The clinical seizure outcomes were assessed each
year after the SAHE using the Engel’s classification (Engel
et al., 1993). Every included patient finished one year
follow-up, thirty-three patients finished two years follow-
up, twenty-six subjects three years follow-up.

Statistics

Statistical analyses were performed with the R statisti-
cal package (R Development Core Team, 2011). Studied
variables had non-Gaussian, but symmetric distribution.
Therefore, we used Wilcoxon paired test for analyzing
the effect of surgery on the change of cognitive mea-
sures. Linear regression was used to measure the effect
of hippocampal reduction on cognitive measures. Data are
expressed as mean + SD.

Results

Patient selection data

We included thirty-five patients with drug-resistant MTLE,
eighteen males and seventeen females aged 37.9+11.0
years (median age 36 years) with drug resistant MTLE.
Twenty-seven patients were right-handed, three patients
were left-handed and five were ambidextrous. Twenty-seven
patients underwent a left-sided operation and eight patients
aright-sided procedure. Twenty-one patients were operated
on the speech side; all of them underwent a left-sided pro-
cedure. Three patients operated on the left side refused
the WADA test for speech localization, two patients oper-
ated on the left side had speech localized bilaterally and
one had speech on the right side. Twenty-two patients (five
right-sided MTLE and seventeen left-sided MTLE) had com-
plete concordant preoperative data from MRI, scalp-video
EEG monitoring and FDG-PET. Six patients underwent inva-
sive EEG monitoring and one patient SPECT. The mean time
duration of illness was 22.1 £+ 11.1 (range 6—37) years. The
mean time duration of academic education was 11.7+2.0
(range 7—17) years. The mean seizure frequency six months
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Table 1a  Clinical characterization of included left MTLE subjects and their clinical seizure outcomes.

Subject Sex Age MRI bas FDG-PET EEG SEEG Speech Engel 1 year Engel 2 years
1. M 40 BILAT L L — L 1A IA
2. M 57 L BILAT R L BILAT 1A IA
3. K 42 L L L — L 1B 1B
4. F 27 L L L — L 1A IA
5. F 64 L L L — L 1A 1B
6. M 38 NEG L L — L 11B IC
7. M 29 L L L — L 1A IA
8. M 50 L L L — BILAT 1A IA
9. F 32 NEG L L — L 1B 1B

10. F 26 L L Bl L L 1A 1A

11. F 35 L L L — L 1A IA

12. F 18 L L L — L 1B 1B

13. M 26 L L L — L 1B 1B

14. M 28 L L L — L 1A A

15. F 45 L L L — L 1A 1A

16. F 22 L L L — — 1B 1B

17. M 47 L L L — — 1A IA

18. M 34 L L L — — 1A 1A

19. F 26 L L Bl — R 1\ REOP

20. M 51 L L L — L 1A 1B

21. M 55 L L L — L 1B IA

22. F 32 NEG L L — L 1A IA

23. M 42 L — L — L 1\ \%

24. F 32 L L R L L 1A IA

25. M 45 L L L — L 1B 1B

26. F 32 L NEG R BILAT L ] 1}

27. M 34 L L L — — 1A —

R: right; L: left; MRI bas (before therapy): MRI signs of MTS; FDG-PET: temporal hypometabolism; video-scalp EEG and SEEG: ictus onset;
Speech: speech localization; BILAT: bilateral; NEG: negative; and REOP: re-operation.

prior to the operation was 5+ 4.5 per month (range 1-20).
Diagnostic clinical data of included patients are summarized
in Tables 1a and 1b.

Clinical outcome with respect to seizures

One year after SAHE, twenty-seven patients (77%) were clas-
sified as Engel Class |, five patients (14%) as Engel Class II.
In three patients (9%) treatment failed, one of them was
classified as Class Ill and two patients as Class IV.

Thirty-three patients finished the two years clinical
follow-up. Twenty-five (76%) of them were classified as Engel
Class I. Five (15%) patients were classified as Engel Class II.
In three (9%) patients treatment failed. One of them was
re-operated by ATL within the second year after SAHE.

Twenty-six patients finished 3 years clinical follow-up.
Twenty patients (77%) were classified as Engel Class |. Three
patients (12%) were classified as Class Il and treatment
failed for three patients (12%). One patient was re-operated
by ATL. One patient committed suicide during the third
year of clinical follow-up; this patient was evaluated as

Table 1b  Clinical characterization of included right MTLE subjects and their clinical seizure outcomes.

Subject Sex Age MRI bas FDG-PET EEG SEEG Speech Engel 1 year Engel 2 years
1. M 30 R R R — L IIB IIB
2. M 36 R R R — L IIB IC
3. F 19 R BILAT BILAT R L IIB IIB
4. M 48 R R R L IA IA
5. F 53 NEG R R - L ID ID
6. F 33 R R R = L 1B 1B
7. M 36 R R BILAT R L IB IA
8. F 48 R R R — IA —

R: right; L: left; MRI bas (before therapy): MRI signs of MTS; FDG-PET: temporal hypometabolism; video-scalp EEG and SEEG: ictus onset;
Speech: speech localization; BILAT: bilateral; NEG: negative; and REOP: re-operation.
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Table 2 Clinical seizure outcomes.

Engel’s classification 1 year 35pts

2 years 33pts 3 years 26pts

Class |

IA 51% (18pts)

1B 23% (8pts)

IC —

ID 3% (1pt)
Class Il

A

11B 14% (5pts)
Class Il

3% (1pt)

Class IV

6% (2pts)

42% (14pts)
24% (8pts)
6% (2pts)
3% (1pt)

31% (8pts)
23% (6pts)
12% (3pts)
12% (3pts)

6% (2pts) 12% (3pts)
9% (3pts) —
3% (1pt) 4% (1pt)

6% (2pts) 8% (2pts)

Class IA in the previous two years. See Table 2 for more
details.

Clinical seizure outcomes of patients with fully con-
cordant preoperative data (seventeen left-sided and five
right-sided) were as follows. One year after surgery all
seventeen patients (100%) with left-sided operation were
classified as Engel Class |. Two (40%) patients with right-sided
operation reached Engel Class I, three (60%) right-sided
patients were classified as Class Il. Twenty patients with fully
concordant preoperative data finished two years of clini-
cal seizure follow-up; four right-sided operated and sixteen
left-sided operated subjects. Fifteen (94%) left-sided oper-
ated patients were assessed as Class |. Two patients (50%)
of right-sided operations were classified as Class | and two
(50%) as Class II.

Clinical seizure outcomes in speech side operated
patients were significantly better than in non-speech side
operated patients. See Tables 3 and 1a and 1b for more
details.

MRI and volumetry data

Preoperatively, we found clear signs of unilateral mesial
temporal sclerosis (MTS) in thirty (86%) patients. In left-
sided operations (twenty-seven procedures), twenty-three
patients suffered from MTS as the sole pathology of the tem-
poral lobe. In three patients MRl was negative; hippocampal
volumes were comparable. In one patient we had suspicion
for bilateral MTS; however scalp-video-EEG monitoring and
FDG-PET indicated unilateral affection.

In left-sided operations (n=27), the preoperative vol-
ume of the left hippocampus was 1.81+£0.63cm?® (median
1.77cm3); 1 year after operation the remaining hip-
pocampus measured 0.75+0.42cm?® (median 0.57cm?).
Therefore, the size of the treated left hippocampus
decreased by 58 +17% (median 63%). In right-sided pro-
cedures (n=8), the preoperative volume of the right
hippocampus was 1.9940.52cm’ (median 1.92cm?); one
year after the procedure the residual size of the hippocam-
pus was 0.88 +£0.46cm? (median 1.06 cm?). Therefore, the
size of the treated right hippocampus decreased by 54 +27%
(median 63%).

When we merged both subgroups, one year after opera-
tion the mean hippocampal volume reduction was 56% 4 20%
(median 63%). The lowest volume reduction was only 5%
and the greatest was 84%. Hippocampal volume reduction
by 50% and more was seen in twenty-seven subjects (77%).
Hippocampal volume reduction was less than 30% in only four
patients (11%). Hippocampal volume reduction of more than
70% was found in nine subjects (26%).

Neuropsychological results

SAHE effect on memory and intellect

In the entire group (left-sided and right-sided operated
patients), there were no statistically significant changes
in visual memory quotients (MQ) (p=0.115), attention
(p=0.299), delayed recall (p=0.076) and working mem-
ory (subtest Digit Span from WAIS-R, p=0.309). Patients
showed significant improvement in verbal MQ (p =0.039) and
in the semantic long-term memory subtest (LTM) (Informa-
tion subtest from WAIS-R, p=0.003) and a trend of global
MQ increase (p=0.058). Neuropsychological results of entire
group of treated patients for memory (WMS-R) and intelli-
gence (WAIS-R) are summarized in Tables 4 and 5.

We further analyzed the patients according to the side
of operation separately. We found a significant increase in
verbal MQ by 15.88 +11.85 (p=0.016), in delayed recall by
18.12+14.81 (p=0.008) and in LTM by 2 4+2.07 (p=0.035)
in eight patients operated on the right side. Patients with
left-sided surgery (n=27) showed improvement only in LTM
(by 0.65+1.44, p=0.035). There was no significant dete-
rioration or improvement in other measured domains with
respect to the left or right-sided surgery.

Similarly, we analyzed how SAHE affected cognitive per-
formance in the hemisphere where speech is localized.
Similar changes were found in patients after surgery in
the hemisphere not dominant for speech in comparison
to patients operated on in speech-dominant hemisphere.
In eight patients treated in the hemisphere not dominant
for speech, we found a trend of global MQ increase (by
11.0+11.35, p=0.057), and a significant improvement in
verbal MQ (by 14.62+10.2, p=0.016), delayed recall (by
20.0+14.9, p=0.016) and LTM (by 1.88+2.1, p=0.034).
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Table 3

Clinical seizure outcomes in subgroups speech side operated and non-speech side operated patients.

Engel’s classification Speech-side operated

Non-speech side operated

2 years

1 year 2 years

1 year
Class | 85.7% (18pts)
Class Il 4.8% (1pt)
Class Il 4.8% (1pt)
Class IV 4.8% (1pt)

81.0% (17pts)
9.5% (2pts)
4.8% (1pt)
4.8% (1pt)

37.5% (3pts) 50.0% (4pts)
50.0% (4pts) 37.5% (3pts)
0 0

12.5% (1pt) 12.5% (1pt)

Table 4 Neuropsychological results: the WMS-R scores — memory quotients (MQ).

WMS-R Before SAHE 1 year after SAHE Change Effect size (d) p-Value
Global MQ 90.74 + 19.58 95.4 + 18.19 4.66 + 13.3 0.25 0.058
Verbal MQ 88.94 + 19.4 93.83 + 18.74 4.89 + 12.87 0.26 0.040
Visual MQ 96.11 + 17.45 99.49 + 13.25 3.37 £ 12.73 0.22 0.115
Attention 79.97 £ 19.45 82.43 + 16.72 2.46 + 11.05 0.14 0.300
Delayed recall 86.93 + 17.66 95.41 £ 17.29 6.04 + 15.24 0.49 0.076
Long-term memory (Information) 7.89 + 2.98 8.88 + 3.44 0.97 + 1.68 0.31 0.003
Working memory (digit span) 7.31 £ 3.26 7.66 £+ 3.0 0.34 0.11 0.309

The table shows test—retest means and SD, mean performance changes and effect sizes (Cohen’s d) and significance level in the whole

group of patients for memory outcome. Significant differences (p <0.05) are outlined in bold print.

Table 5 Neuropsychological results: WAIS-R scores — intelligence quotients (IQ).

WAIS-R Before SAHE 1 year after SAHE Change Effect size (d) p-Value
Full-scale 1Q 90.51 + 13.25 95.12 + 14.3 4.59 + 4.93 0.34 <0.001
Verbal 1Q 91.31 £ 12.23 94.85 + 13.64 3.62 + 4.15 0.28 <0.001
Performance 1Q 90.74 + 15.0 96.38 + 15.61 5.53 + 6.79 0.37 <0.001

The table shows test—retest means and SD, mean performance changes and effect sizes (Cohen’s d) and significance level (p-value) in
the whole group of patients for intelligence outcome. Significant differences (p <0.05) are outlined in bold print.

On the contrary, in a subgroup of twenty-one patients
operated on in speech-dominant hemisphere we did not find
any significant changes in memory functions.

When we compared both subgroups (operated on in
speech-dominant hemisphere and in the hemisphere not
dominant for speech), we found significantly better results
in global MQ (p=0.012), verbal MQ (p=0.002) and delayed
recall (p=0.002) in non-speech operated patients (n=8) in
comparison to speech side operated patients (n=21).

There was a small, but statistically significant improve-
ment in full-scale, verbal and performance intelligence
quotients (for all measures p<0.001) at the group level,
and also in both language dominant and non-dominant side
surgery groups (p<0.05).

There was no relationship between clinical seizure out-
comes and neuropsychological results.

Effect of the hippocampus reduction on cognitive
performance

We tested the relationship between hippocampal volume
reduction and changes in cognitive performance pre- and
post-operatively, separately for patients with surgery on

The effect of the hippocampus reduction
on Visual Memary
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Graph 1 The graphical depiction of the effect of hippocampal
reduction on visual memory. There is a trend between larger
extent of the hippocampal reduction and visual memory in the
speech side operated patients.

the language-dominant hemisphere. We found a close
relationship between hippocampal volume reduction and
improvement in visual memory performance in patients
with surgery localized in the language-dominant hemisphere
[£(19)=2.024, p=0.0572]. Larger reductions were related to
greater improvements in visual MQ. Graph 1 depicts more
details. No other relationships between hippocampal volume
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reduction and neuropsychological outcomes were signifi-
cant.

We did not find any effect of the range of hippocampus
reduction on intellect and memory performance postoper-
atively and also on performance change in entire group of
patients.

Discussion

This study came to conclusion that the modified SAHE results
not only in good seizure control, but also good neuropsycho-
logical outcomes in MTLE patients.

Despite partial destruction of the target hippocampus,
clinical seizure outcomes for the first three years after
SAHE were comparable with open neurosurgical approaches
(Tellez-Zenteno et al., 2005). One year after SAHE, 77% of
patients were classified Engel Class I, 2 years and 3 years
after stereotactic surgery the same results were achieved by
nearly 76% and 77% of patients, respectively. Clinical seizure
outcomes in patients operated on in the speech dominant
hemisphere were significantly better then in non-speech
side operated subjects. Patients with fully concordant pre-
operative diagnostic data from MRI (unilateral detection of
MTS), FDG-PET (unilateral temporal hypometabolism) and
scalp video EGG monitoring (unilateral detection of seizure
activity onset) achieved excellent clinical seizure outcomes.
All patients operated on the left side were seizure free one
year after therapy. Neuropsychological results 1 year after
operation were very optimistic. Intelligence quotients of
all treated patients one year after therapy were improved.
One year after surgery in merged left and right-sided oper-
ated patients memory functions did not decline. We even
found slight improvement in verbal memory and LTM. In
the subgroup of right-sided operated (and language non-
dominant operated) patients, we found slight improvement
in verbal memory, delayed recall and LTM. In the subgroup
of language-dominant operated subjects we did not find
any statistically significant changes in memory functions.
However, we would like to stress that speech side and non-
speech side subgroups were not comparable in the number
of patients; more patients were speech side operated or left
side operated groups. When we correlated neuropsychologi-
cal results and volume reduction of the target hippocampus,
we found only a trend between improved visual memory and
higher volume reduction of the hippocampus on the speech
side. We did not find any other significant correlations.

Decline of verbal memory functions after left-sided
surgery is well known (Lee et al., 2002). Therefore, our
results are surprising as we did not find a statistically sig-
nificant decline in memory functions after left-sided SAHE.
Hermann et al. (1995) reported that patients with left MTLE
without MTS preoperatively achieved significantly worse
memory outcome than those with hippocampal sclerosis.
In our study, only three patients with left MTLE were MRI
negative. It may be one of the reasons for good neuropsy-
chological outcome. Comparable good memory outcomes
without alteration of verbal memory were reported after
stereotactic surgery by Gamma-knife (Quigg et al., 2011).
Both SAHE and radiosurgical treatment using Leksell Gamma
knife entirely spare temporal neocortical structures and
their connections to other cortical regions. It could improve

some aspects of memory functions. However, our right-
sided patients achieved better neuropsychological results.
One explanation may be the small extent of the hip-
pocampal tissue destruction. Some authors observed that
right-sided resections lead to decline of nonverbal mem-
ory (Barr et al., 1997), but like others (Walton et al., 1999)
we did not confirm these findings. However, we found sig-
nificant improvement of verbal memory after right-sided
SAHE. This finding is consistent with the study by Morino
et al. (2006). Our finding of a trend between improvement
of visual memory and higher volume reduction of the tar-
get hippocampus on the speech side is in agreement with
meta-analytic review by Lee et al. (2002); in this study a
trend for the contralateral improvement of nonverbal mem-
ory after left-sided surgery was found. Several explanations
for these findings may be put forward: better function of
non-resected structures after elimination of seizure activ-
ity (Novelly et al., 1984), normalization of hypometabolism
(Rausch et al., 1994), improvement of neuronal functional
plasticity after surgery (Helmstaedter and Elger, 1998) and
reserve or capacity of the contralateral hippocampus that
supports memory functions after surgery (Chelune et al.,
1991).

The cause of improvement of intellectual abilities in
treated patients is not clear. However, our data are con-
sistent with results published by Morino et al. (2006) that
found improvement of intelligence quotients in patients
after AHE and ATL. First, we explain these results by good
clinical seizure postoperative outcomes and therefore over-
all improvement of patient state. Second, practice effects
may contribute to better intellectual abilities after opera-
tion as referred some previous studies (Alpherts et al., 2004;
Engman et al., 2006).

SAHE modified by Liscak et al. (2010) uses occipital access
to reach target structures of the mesial temporal lobe.
Except for the hippocampus, this method also reaches the
amygdala and the parahippocampal gyrus (Malikova et al.,
2009, 2011). Some previous studies have concluded that
selective microsurgical operations are less selective than
expected due to collateral damage and authors have specu-
lated that collateral damage could affect memory functions
(Helmstaedter et al., 2008). In SAHE, there is minimal col-
lateral damage which affects only mesial structures (Fig. 1)
as has been described in previous studies (Malikova et al.,
2010). The lateral temporal neocortex is completely spared
and also must be spared its connection to other cortical
regions. As described in previous studies, destructions of
target structures after SAHE are not large; the mean vol-
ume reduction of other target structures (the amygdala,
entorhinal and perirhinal cortices) were about 50% (Malikova
et al., 2009, 2011). According to occipital access of SAHE
and anatomical position of the hippocampus, SAHE espe-
cially targets the head and body of the hippocampus and
dorsal parts were are not affected by this method (Fig. 2).
There are several interesting functional MRI (fMRI) studies
which have performed investigation of memory by fMRI in
temporal lobe epilepsy and the ability of the method to pre-
dict memory decline after ATL. Bonelli et al. (2010) came
to the conclusion that while ipsilateral anterior hippocam-
pal activation was associated with greater verbal and visual
memory decline following left and right ATL, respectively,
relatively greater activation in the posterior part of the
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Figure 1

ipsilateral hippocampus (which is likely to be spared dur-
ing ATL) was correlated with better verbal or visual memory
outcome. To explain memory deficits following ATL, two
different models of hippocampal function have been put
forward (Chelune et al., 1991). The hippocampal reserve
theory suggests that it is the reserve or capacity of the
contralateral hippocampus that supports memory function
after surgery and therefore determines the decline in mem-
ory function. On the other hand, the functional adequacy
model suggests that it is the capacity of the ipsilateral hip-
pocampus, which is to be resected, that determines whether
changes in memory functions will be observed. This means
that left temporal lobectomy patients with higher preoper-
ative verbal memory are at greater risk for postoperative
memory decline. However, there are fMRI studies which
suggest other structures involved in the memory process
as the parahippocampal gyrus and especially dysfunctional
response in epilepsy patients with left MTS (Dupont et al.,
2000). We did not perform fMRI, however, we are sure that

Acute MRI changes of the fresh termocoagulation lesion after SAHE in the temporal lobe (TSE T2 coronal view).

SAHE did not touch lateral temporal neocortex and spared
dorsal part of the hippocampus. This may explain the rel-
atively good memory outcomes. The reduction of target
hippocampus is small, especially in comparison with open
surgical approaches (Malikova et al., 2010; Schramm, 2008).
In a recent study, Helmstaedter et al. (2011) compared
neuropsychological and seizure outcomes in two groups of
SAH resection; a long (35mm) and a short (25 mm) resec-
tion of the hippocampus. They found the same clinical
seizure outcomes in both types of resections, but better
neuropsychological outcome in the short resection group.
The destruction of the hippocampus after SAHE is even
smaller than the short resection in the mentioned study.
However, we do not know anything about functional abilities
of residual tissues that they are affected by gliosis and prob-
ably postoperative shrinkage of the remnant hippocampus.
Recent studies have shown dynamics in memory outcome as
dependent on shrinkage of the hippocampal remnant after
surgery (Baxendale et al., 2000; Mueller et al., 2009).
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Figure 2
coronal view).

In concordance with previous studies (Helmstaedter
et al., 2011) we conclude that only partial destruction of
hippocampal tissue does not necessarily lead to poor clini-
cal seizure outcome but may preserve memory functions.
The most important aspect for good seizure outcomes is
the appropriate selection of patients for the appropriate
type of the surgery. Fully concordant preoperative clini-
cal seizure data from MRI, FDG-PET and scalp video EEG
monitoring are the most important predictive factor for
excellent postoperative seizure outcome. Clusmann et al.
(2002) also came to similar conclusions in a paper coped
with prognostic factors and outcome after different types
of resection for temporal lobe epilepsy. Finally, we would
like to remind the statement of Penfield and Paine, ‘It is
not enough whether a radical surgery procedure has stopped
attacks or not. We must know its effect upon the patient’s
ability to work, to hold a job, to study; the effect on phys-
ical and mental function, the effect on behavior and on

Chronic MRI changes after SAHE with the pseudocyst surrounded by gliosis and atrophy in the temporal lobe (TSE T2

happiness of the patient and friends’’ (Penfield and Paine,
1955).
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