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Epileptologie veroffentlicht sowohl angeforderte als
auch unaufgefordert eingereichte Manuskripte tber al-
le Themen der Epileptologie. Es werden in der Regel nur
bislang unveroffentlichte Arbeiten angenommen. Die
Manuskripte oder wesentliche Teile daraus dirfen auch
nicht gleichzeitig anderen Zeitschriften angeboten wer-
den oder anderweitig bereits zur Publikation angenom-
men worden sein. Alle Manuskripte werden zweifach
begutachtet. Von den Beitragen werden keine Sonder-
drucke erstellt, sie werden jedoch als pdf-Datei zusatz-
lich auf der Liga-Homepage (www.epi.ch) veréffentlicht
und konnen von dort heruntergeladen werden.

Unaufgefordert eingereichte Manuskripte (inkl.
Briefe an die Herausgeber) sind zu richten an: Frau J. Franke,
Redaktion Epileptologie, Schweizerische Epilepsie-Liga,
Seefeldstr. 84, 8008 Ziirich. Tel. 043 477 07 06,
Fax 043 488 67 78, E-Mail: franke@epi.ch.

Manuskripte werden nur akzeptiert, wenn sie den
folgenden Kriterien entsprechen. Nicht entsprechend
abgefasste Manuskripte werden vor der Begutachtung
zurlckgesandt.

1. Sprache: Neben deutsch auch englisch und franzo-
sisch moglich.

2. Schreibweise (deutsch): Als Schreibweise gilt die
deutsche Form mit ,z“ und ,k“ (also z. B. Karzinom),
lateinische Fachtermini behalten aber ihre Schreib-
weise (also z. B. Arteria carotis).

3. Form: Der gesamte Text, einschliesslich Literaturver-
zeichnis, Tabellen und Abbildungslegenden, ist fol-
gendermassen zu formatieren:

- DIN-A4-Papier, einseitig (1 1/2- oder 2-zeilig mit
max. 30 Zeilen je Seite).

- Literaturverweise werden gemadss der Reihenfolge,
in der sie im Text vorkommen, arabisch nummeriert;
im Text erscheinen die Verweiszahlen in eckigen
Klammern.

- Tabellen und Abbildungen haben eine jeweils fort-
laufende arabische Nummerierung.

4. Reihenfolge: 1. Titelblatt (ggf. inkl. Danksagung, For-
derung durch Hilfe anderer oder Drittmittelfinanzie-
rung), 2. Zusammenfassung in Deutsch, Résumé in
Franzésisch und Summary in Englisch sowie je drei
bis fiinf Schllsselworter, 3. Text, 4. Literatur, 5. Tabel-
len, 6. Abbildungslegenden und 7. Abbildungen:

- Das Titelblatt enthalt den vollen Titel der Arbeit
(deutsch und englisch), Namen und Titel der Auto-
ren, die Kliniken bzw. Institutionen, an denen alle
Autoren arbeiten, sowie die vollstandige Adresse des
federfuhrenden Autors mit Telefon- und Faxnum-
mer sowie E-Mail.

- Zusammenfassung, Résumé und englischer Ab-
stract (mit Titel der Arbeit): Ohne Literaturzitate
und Akronyme sowie unibliche Abkirzungen (je
maximal 250 Worter).

- Text: Dabei bei Originalarbeiten Gliederung in Ein-
leitung, Methode (inkl. Untersuchungsmaterial, Pa-
tienten, Versuchstiere etc., ggf. auch Angabe Uber
Einwilligung bzw. Einhaltung der Deklaration von
Helsinki inkl. Votum einer Ethikkommission), Ergeb-
nisse und Diskussion. Abklrzungen sind bei ihrem
ersten Erscheinen im Text voll auszuschreiben.

- Literaturverzeichnis: Am Ende der Arbeit werden
die Literaturstellen in der im Text zitierten Reihen-
folge aufgefuihrt und nach untenstehendem Muster
zitiert. Personliche Mitteilungen, unveroffentlichte
Befunde oder zur Publikation eingereichte Manu-
skripte werden nicht aufgenommen, sondern ent-
sprechend im Text vermerkt. Zitierungen ,im Druck”
bzw. ,in press” beziehen sich nur auf von einer Zeit-
schrift bereits angenommene Arbeiten (mit Angabe
von Zeitschrift und — soweit bekannt — Band und
Erscheinungsjahr. Das Zitieren von Arbeiten als ,in
Vorbereitung” oder ,in preparation” ist nicht zulas-
sig. Kongressmitteilungen konnen nur als zitierbare
Abstracts oder Beitrag in Proceedings-Banden be-
rlicksichtigt werden.

- Tabellen: Jede Tabelle steht auf einer neuen Seite
und hat eine kurze erklarende Uberschrift. Abkur-
zungen oder Zeichen sind in einer Fussnote zu erkla-
ren.

- Abbildungslegenden: Die Legende fur jede Abbil-
dung steht auf einer neuen Seite; alle Abkurzungen
oder Zeichen sind darin zu erklaren.

- Abbildungen: Strichzeichnungen, schattierte Zeich-
nungen oder Fotografien (SW oder Farbe).

- Zitierweise: Zeitschriftenartikel: Daoud AS, Bati-
eha A, Abu-Ekteish F et al. Iron status: a possible
risk factor for the first febrile seizure. Epilepsia
2002; 43: 740-743 (bei bis zu vier Autoren werden
alle genannt; Abklrzungen der Zeitschriften nach
der ,List of Journals indexed in Index Medicus®);
Bucher: Shorvon S. Status Epilepticus. Its Clinical
Features and Treatment in Children and Adults.
Cambridge: Cambridge University Press, 1994;
Buchkapitel: Holthausen H, Tuxhorn |, Pieper T et
al. Hemispherectomy in the treatment of neuronal
migrational disorders. In: Kotagal P, Liiders HO (eds):
The Epilepsies. Etiologies and Prevention. San Diego,
London, Boston et al.: Academic Press, 1999: 93-102

Alle Manuskripte sind inklusive Abbildungen und
Tabellen in elektronischer Form einzureichen (MS
Word).



Pharmakoresistente Epilepsie

Liebe Leserinnen, lieber Leser

In den meisten Fallen ermoglichen anfallsunterdri-
ckende Medikamente Patienten ein Leben ohne epilep-
tische Anfalle. Dennoch leiden circa 30% der Epilepsie-
patienten trotz leitliniengerechter Behandlung wei-
terhin an epileptischen Anfallen — ein Zustand, der als
pharmakoresistente Epilepsie bezeichnet wird.

Der erste Artikel fasst die Definition und zugrun-
deliegende Pathomechanismen einer pharmakoresis-
tenten Epilepsie zusammen. Zukiinftig konnte die Vor-
hersage epileptischer Anfalle zu neuen spezifischeren
Behandlungen fuhren, wie im zweiten Artikel themati-
siert.

In den Fallen, bei denen der fokale Anfallsursprung
identifiziert werden kann und nicht in einem eloquen-
ten kortikalen Areal liegt, kann eine chirurgische Entfer-
nung dieses Areals zu Anfallsfreiheit flhren. Die prachi-
rurgische Diagnostik ist ein hoch spezialisiertes Verfah-
ren. Erganzend zu visuellen EEG-Auswertungen werden
vermehrt computerbasierte Analyseverfahren in die
klinische Praxis integriert — dies wird in zwei weiteren
Artikeln thematisiert.

Dr. med. Dr. sc. nat. Frédéric Zubler

Zudem werden Falle vorgestellt, in denen die Ursa-
chen einer Epilepsie behandelt werden mussen, um An-
fallsfreiheit herzustellen. Dies thematisiert der Fallbe-
richt einer Autoimmunencephalitis im letzten Beitrag.

Pharmakoresistente Epilepsie ist ein faszinierendes
Cebiet, in dem sich neue diagnostische und therapeu-
tische Ansdtze entwickeln. Ich hoffe, die folgenden Arti-
kel werden das Interesse der Leser wecken. Schliesslich
mochte ich den Mitautoren und dem Redaktionsteam
flr die Mitarbeit an der aktuellen Ausgabe von Epilep-
tologie danken.

3 £l

Frédéric Zubler
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Epilepsie pharmacorésistante

150

Chers lectrices, chers lecteurs

Dans la majorité des cas, les médicaments suppres-
seurs de crise! permettent au patient épileptique de
ne plus avoir de crise. Malheureusement, il arrive dans
environ 30% des cas que le traitement médicamenteux
seul ne suffise pas — on parle alors d’épilepsie phar-
macorésistante. Le premier article de ce numéro nous
rappelle les définitions et mécanismes potentiels de la
pharmacorésistance. Dans le futur, prédire 'occurrence
des crises pourrait permettre un traitement plus ciblé,
comme nous I'explique le second article.

En cas d’épilepsie structurelle — si l'origine des crises
peut étre identifiée et si le foyer ne se trouve pas dans
une partie inopérable du cerveau — une résection peut
alors permettre de supprimer les crises chez des pa-
tients ne répondant pas au traitement médicamenteux.
Le bilan préchirurgical est une procédure hautement
spécialisée pour laquelle, en plus de I'analyse visuelle,
de nombreux algorithmes commencent a étre intégrés
en clinique — c’est le théme exploré par deux autres
articles. Finalement, il arrive que la cause de I’épilepsie

1. Contrairement a I'anglais et I'allemand, cette terminologie ne s’est
pas encore répandue en francais, langue dans laquelle I'on parle de
médicaments anti-épiléptiques — ce qui est en principe inexacte puisque

les médicaments actuels ne guérissent pas I’épilepsie.

Epileptologie 2018; 35

Dr. med. Dr. sc. nat. Frédéric Zubler

doive également étre traitée pour permettre I'arrét des
crises. Un cas typique d’encéphalite auto-immune nous
illustre ce principe dans le dernier article.

Lépilepsie pharmacorésistante est un domaine fas-
cinant, pour I'analyse et traitement duquel de nouvelles
approches sont annoncées. J’espére que les articles pré-
sentés ici sauront aiguiser la curiosité des lecteurs. En
guise de conclusion — tant pour cet éditorial que pour
ma collaboration a ce journal —, jaimerais remercier
les auteurs et les éditeurs qui ont ceuvré a ce numéro
d’Epileptologie.

3 £l

Frédéric Zubler



Pharmacoresistant epilepsy

Dear readers

In most cases, seizure suppressive drugs allow
patients to live seizure-free. However, about 30% of
patients continue to have seizures despite best medi-
cal treatment — a condition called pharmacoresistant
epilepsy. The first article summarises the definition and
potential mechanisms of pharmacoresistance. In the
future, seizure prediction might allow for more specific
treatments, as discussed in the second article.

In those cases where a focal seizure onset can be
identified (and does not lie in an eloquent cortical ar-
ea), a surgical removal of this area can lead to seizure
freedom. The pre-surgical evaluation is a highly spe-
cialised procedure. In addition to visual analysis, many
computational algorithms start to be integrated into
clinical practice — this topic is presented in two other
articles. Finally, there are cases in which the cause of
the epilepsy must also be treated to allow for seizures
to stop. This principle is illustrated with a case report of
autoimmune encephalitis in the last contribution.

Dr. med. Dr. sc. nat. Frédéric Zubler

Pharmacoresistent epilepsy is a fascinating field, for
the analysis and treatment of which new approaches
are emerging. | hope that the articles presented here
will catch the reader’s interest. As a conclusion (to this
editorial and to my contribution to this Journal) | would
like to thank all the authors and the editorial team who
worked on this issue of Epileptologie.

b2

Frédéric Zubler

Epileptologie 2018; 35
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Drug Resistance in Epilepsy
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Abstract

Around 20-30% of patients with epilepsy will not
fully respond to medication, with potential consequen-
ces on quality of life, morbidity and premature mor-
tality. Early identification of drug resistance is key to
offer the patient other treatments alternative, such as
surgery, neuro-modulation or ketogenic diet when the
disease remains disabling. Drug resistance is defined by
the number of medications having failed to fully cont-
rol seizures. The International League Against Epilepsy
(ILAE) defines drug resistance by the failure of two ade-
quately chosen and dosed antiepileptic drugs (AED).
More generally, with an increasing number of medica-
tions tried, the less likely is the next medication to be
efficacious. Several factors are associated with drug re-
sistance: high seizure frequency before treatment and
some structural brain lesions (hippocampal sclerosis,
tumors, focal cortical dysplasia for instance). There is an
ongoing debate if drug resistance is caused or not by a
specific mechanism across different epilepsy types. Two
main mechanisms are postulated; either failure of the
medication to reach the seizure onset zone(s) (because
of expulsion due to drug transporters) or modifications
(genetic?) of the treatments’ binding site. At this time,
there is conflicting evidence about these hypotheses
and most of these experiments need to be replicated.
More generally, drug resistant epilepsy could also well
relate to the severity of the underlying condition.

Epileptologie 2018; 35: 152 — 155

Keywords: Antiepileptic drug, surgery, prognosis, deter-
minant

Epileptologie 2018; 35

Irene Aicua-Rapun and Jan Novy

Service de neurologie, Departement des
neurosciences cliniques, Lausanne University Hospital
(CHUV), Lausanne

Pharmaco-résistance en épilepsie

Environ 20-30% des patients souffrant d’épilepsie
ne vont pas répondre complétement au traitement
médicamenteux, ceci avec des conséquences poten-
tielles sur leur qualité de vie, une morbidité accrue et
une mortalité prématurée. Llidentification précoce
de la pharmaco-résistance est importante pour offrir
un traitement alternatif efficace a ces patients tels
que la chirurgie, la neuromodulation ou la diete céto-
gene, quand I'épilepsie reste invalidante. La résistance
au traitement est définie de maniere pratique par un
nombre de traitements qui a échoué a contrdler com-
pletement les crises. La ligue internationale contre I'épi-
lepsie (ILAE) définit la résistance au traitement comme
I'échec de deux traitements adéquatement choisis et
dosés. Plus généralement, la chance qu’un nouveau
traitement soit efficace diminue avec chaque traite-
ment essayé sans succés auparavant. Plusieurs facteurs
sont associés avec la résistance au traitement, notam-
ment la fréquence des crises avant le traitement et cer-
taines causes structurelles (sclérose hippocampique,
tumeurs, et dysplasie corticale focale par exemples). |l
y a un débat pour savoir si la résistance au traitement
est lié a un mécanisme spécifique que soit le type d’épi-
lepsie. Deux mécanismes principaux sont postulés ;
un défaut d’accés du médicament a la (les) régions(s)
épileptogénique(s) (en raison de son expulsion par des
transporteurs) ou une modification (génétique ?) des
cibles des traitements. A ce stade, il y a des preuves
contradictoires a propos de ces hypothéses et la plupart
de ces experimentations nécessite encore d’étre répli-
quées. Plus généralement, la résistance pourrait aussi
étre le fait d’'une sévérité plus importante de la cause
sous-jacente.

Mots-clés : médicament antiépileptique, chirurgie,
prognostic, facteurs déterminants

Drug Resistance in Epilepsy | I. Aicua-Rapun, J. Novy



Pharmakoresistenz in der Epilepsie

Ca. 20-30% der Patienten mit Epilepsie sprechen
nicht gut auf anfallsunterdriickende Medikation an, mit
moglichen Auswirkungen auf Lebensqualitat, Morbidi-
tat und Lebenserwartung. Ein friihzeitiges Erkennen der
Pharmakoresistenz ist wichtig, um den Patienten alter-
native Therapieoptionen wie Epilepsiechirurgie, Neuro-
stimulation oder ketogene Diat anzubieten. Pharmako-
resistenz wird definiert durch die Anzahl eingesetzter
Medikamente mit Persistenz der Anfalle. Die Interna-
tionale Liga gegen Epilepsie (ILAE) definiert Pharmako-
resistenz als fehlende Anfallsfreiheit trotz Einsatz von
zwei adaquat ausgewahlten und dosierten anfallsun-
terdriickenden Medikamenten (AED). Prinzipiell gilt, je
mehr Medikamente bereits ohne Therapieerfolg einge-
setzt wurden, desto kleiner ist die Wahrscheinlichkeit
einer Wirkung eines weiteren Medikamentes. Es gibt
mehrere Faktoren, die mit einer Pharmakoresistenz ver-
bunden sind: insbesondere hohe Anfallsfrequenz vor
Therapiebeginn und strukturelle Hirnlasionen (z.B. Hip-
pocampussklerose, Tumoren, fokale kortikale Dyspla-
sie). Es bleibt umstritten, ob Pharmakoresistenz durch
spezifische Mechanismen bei verschiedenen Epilepsie-
typen entsteht oder nicht. Zwei Hauptmechanismen
wurden postuliert: Einerseits fehlende Verfligbarkeit
des Medikaments in der Anfallsursprungszone (in Fol-
ge einer Elimination durch Medikamententransporter)
oder durch Modifikationen (genetisch bedingt?) der
Wirkstoffbindungsstelle der Substanz. Zurzeit gibt es
widerspriichliche Evidenz zu diesen Hypothesen — und
die meisten Versuche mussen wiederholt werden. Ge-
nerell konnte die Pharmakoresistenz vom Schweregrad
der zugrunde liegenden Erkrankung abhangig sein.

Schliisselworter: Antiepileptika, Chirurgie, Prognose,
Einflussfaktor

Introduction

Epilepsy is a common neurological disease, with a
lifelong prevalence 1 in 26 in the general population
[1]. Between 20-30% of patients with epilepsy develop
drug-resistant epilepsy [2, 3]. This figure largely reflects
the hospital setting of these studies. Considering epi-
lepsy in the general population, drug resistance could
be as low as 15% [4]. Drug resistance is a major deter-
minant of epilepsy outcome, as it is associated with a
higher risk of premature death, injuries, psychosocial
difficulties and poor quality of life [2].

Based on epidemiological studies [5], the Interna-
tional League Against Epilepsy (ILAE) has defined drug
resistant epilepsy as failure of adequate trials of two
tolerated and appropriately chosen antiepileptic drugs
(AED) (whether as monotherapies or in combination) to
achieve sustained seizure freedom [6]. This definition
can be applied for a period of time and it can vary in time;

Drug Resistance in Epilepsy | I. Aicua-Rapun, J. Novy

a patient can be drug resistant and drug responsive at
different times in the course of the disease [6]. The ILAE
guidelines recommend to use “the rule of three” to de-
fine seizure control: seizure freedom is considered after
three times the longest pre-intervention inter-seizure in-
terval in the previous year or twelve months for unique
seizure [7]. This “the rule of three” has been validated
statistically using aleatory (stochastic) models of events.
This showed that after a period of seizure freedom last-
ing longer than 3 times the inter-seizure interval, the
likelihood of recurrence is as low as 5% [7].

The diagnosis of drug-resistant epilepsy is usually
straight forward, but a few pitfalls of pseudo-resistance
should be avoided. For instance, the misdiagnosis of
epilepsy is a common cause of pseudo-resistance be-
cause up to 25% of patients diagnosed of drug-resistant
epilepsy suffer from psychogenic non epileptic seizures
[8]. In case of disabling seemingly drug resistant epi-
lepsy, an attempt to record seizures (ideally with video
EEG) should be undertaken. Another rare reason is inad-
equate AED choice for the type of epilepsy syndrome, as
well as a suboptimal dosage of AED prescribed, leading
to insufficient control of seizures [2]. Other more com-
mon possible causes include patients’ lifestyle with
poor treatment compliance and alcohol or drug abuse.
Measuring AED plasma level after a recurrence is help-
ful to assess compliance. A 50% drop (or more) of plas-
ma concentration (compared to a previous trough level)
is considered as a sign of irregular medication intake [9].

Early identification of patients with drug-resistant
epilepsy is important in order to offer alternative thera-
pies, such as surgical treatments, neuromodulation
therapy or ketogenic diet [2, 10]. There are evidences
that earlier surgery is more likely to be successful [11,
12], although more difficult cases may also be referred
later to presurgical work-up. A recent small prospec-
tive trial has indeed clearly shown the benefit of early
surgery over medical management in drug resistant
epilepsy [13]. This is furthermore supported by a recent
European study comparing two periods of time (1997-
1998 and 2012-2013), that showed that the results of
epilepsy surgery tend to improve especially in MRI neg-
ative or complex cases [14].

Determinant factors of drug resistance

In two most notable studies of patients with epi-
lepsy prospectively followed during 7 years [5] and 19
years [3], respectively, around 60% of patients were sei-
zure free with the first or second tried AED. Several fac-
tors were associated with a poor prognosis in term of
seizure control: large number of seizures before treat-
ment (the main factor being high seizure frequency
rather than the overall number) and a structural brain
lesion. The nature of the lesion is also determinant in
that respect [15]. Progressive lesions like tumors, hip-
pocampal sclerosis (with continuous abnormal neuro-

Epileptologie 2018; 35
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genesis) and cortical development malformation (with
early degenerative changes) are associated with a low-
er proportion of treatment responders [16]. Also, hav-
ing dual pathologies (typically hippocampal sclerosis
and focal cortical dysplasia) is often associated with a
poor control of seizures [16].

On the other hand, a positive response to the first
tried AED is understandingly a powerful prognostic fac-
tor of remission, as it has been shown in children with
temporal lobe epilepsy [17]. Besides this, probability of
controlling seizures decreases with each additional AED
tried unsuccessfully [4, 5]. After 6 AED tried, chances to
become seizure-free on medication are remote (down
to a few percent) [4]. Patients with genetic generalized
epilepsy usually have more chances to enter remission
with AED than patients with focal structural epilepsy
[5, 16, 17]. Patients diagnosed of epilepsy in adolescent
or older ages seem also more likely to achieve remis-
sion with AED [2, 16, 17].

Possible mechanisms of drug-resistant epilepsy

There are different hypotheses about the cause of
drug resistance in epilepsy that reflect our current lack
of knowledge about the neurobiology of epilepsy. One
underlying question is similar to the epilepsy mecha-
nism in general: Is there a common additional mecha-
nism of drug resistance that is not directly related to
the pathogenesis of the epilepsy itself?

The other possibility is that there is no specific
mechanism of resistance, but that pathogenesis of
each epilepsy constellation can be particularly severe
and lead to drug resistance; for instance, alterations in
neuronal circuitry and neurotransmitter receptors seen
in hippocampal sclerosis and cortical dysplasia, muta-
tions in ion channels in some rare genetic epilepsy syn-
droms, or auto-immune mechanisms as in Rasmussen’s
encephalitis.

This debate, despite being seemingly remote from
clinical practice, has potentially concrete implications.
If there is indeed a specific mechanism of drug resist-
ance, this would mean this mechanism may be amena-
ble to a treatment.

Conversely, if drug resistance is the end result of
multiple mechanisms, it is unlikely to be addressable as
a whole. A fact arguing against a common mechanism
is the role played by the underlying lesion in determin-
ing drug resistance. There have been, however, sugges-
tions that a common mechanism might have a role irre-
spectively of the underlying cause of epilepsy [18].

Most research of a common mechanism of drug re-
sistance has explored two aspects: Either the AED fail
to reach the target because of drug transporters expel-
ling it from the central nervous system, or the AED’s
cellular targets are altered, reducing the sensitivity to
treatment [18, 19].

Epileptologie 2018; 35

1. Drug-transporter hypothesis

AEDs need to cross the blood-brain barrier (BBB)
to achieve their action in the brain parenchyma. P-gly-
coproteins (P-gp) are multidrug transporters located
in the BBB that regulate the flow of different drugs in
the brain. A gene family called MDR, with two subtypes
of genes (MDR1 and MDR2) located on chromosome
7921, expresses P-gp. Among these subtypes of genes,
MDR1, also called ABCB1, expresses a multidrug-resist-
ant transporter expressed in the brain [20].

This transporter has been well described in cancer
drug resistance without establishing its exact mecha-
nism [21], as well as in patients with HIV; its 3435
TT genotype is associated with lower nelfinavir and
efivarenz plasma concentrations [22]. This drug trans-
porter seems to regulate intraparenchymal AED con-
centrations in vivo in animal models [23], showing in-
creased parenchymal carbamazepine (CBZ), phenytoin,
lamotrigine concentrations once the drug transporter
was inhibited [24]. P-gp expression was also shown to
be increased in human epileptogenic tissues removed
surgically and in post-mortem examination [25]. In-
creased activity of the P-gp drug transporter was also
shown in vivo in patients with epilepsy using PET im-
aging of a transporter substrate, compared with free-
seizure patients and healthy subjects [26].

There are also suggestions that P-gp genetic chang-
es (CC-genotype compared to TT-genotype at ABCB1
C3435T polymorphism) would predispose for drug-
resistant epilepsy [27]. These findings were however
inconsistently replicated [28]. A more basic uncertainty
about the relevance of the drug transporter hypothesis
is whether AEDs are actually substrates of these trans-
porters; experiments regarding CBZ and levetiracetam
are controversial [19, 21, 29].

2. Change in AED target hypothesis

Genetic or functional modifications in the molecu-
lar drug targets can conceivably lead to a resistance to
their ligands [30]. Most work in this perspective was
done on sodium channels. Voltage-gated Na+ chan-
nels are formed by a and § subunits; AEDs modulating
these channels mainly bind to a subunits [31]. SCN1A,
SCN2A and SCN3A genes located on chromosome 2
encode several isoforms of a subunits of sodium chan-
nels. A relationship between the R19K polymorphism
in SCN2A and resistance to sodium channels blocking
AEDs was suggested [32].

Other changes were suggested to correlate with
drug response [33]. SCN2A polymorphism IVS7-32A>G
(rs2304016) was associated with resistance to sodium
channels blocking AEDs, probably through splicing or
gene expression as it is located in an intronic region. On
the other hand, the SCN2A haplotype GCTGCGTATAA-
GA has been associated with a good response. On the
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functional side of things, one study has shown that the
carbamazepine mechanism of action — a use-depend-
ent block of voltage-gated sodium channels — is lost in
patients with a CBZ-resistant temporal lobe epilepsy in
comparison with responder patients [30]. These find-
ings were however not replicated.

To sum up, the mechanisms of drug resistance are
to this day only hypotheses — most of them are still
waiting to be replicated. Early identification of patients
with drug resistant epilepsy remains key to improve the
care of these patients.
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“Prediction is very difficult, especially about the
future.”

Niels Bohr, Nobel Prize in Physics in 1922

Summary

Epilepsy is a cyclical brain disorder par excellence:
Single or clusters of spontaneous seizures recur with
relatively fixed symptom-free intervals. This temporal
structure of epilepsy is a fascinating phenomenon that
likely has an endogenous basis. Over the past decades,
seizure prediction has been a niche endeavor for a few
epileptologists and scientists acquainted with non-li-
near systems and equipped with the necessary statisti-
cal background. Today with the rapid development of
wearables and implantable devices, the idea is gaining
terrain in the clinical epileptology community. Aided by
synergetic developments in machine learning and the
accumulation of massive amounts of epilepsy data, the
field can transform this once vague idea into a practical
tool for the broader drug-resistant epilepsy populati-
on. We make the prediction that forecasting seizures is
soon-to-be a reality.
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La prédiction des crises d’épilepsie n’est plus
impensable

Lépilepsie est une maladie cyclique par excellen-
ce : des crises spontanées isolées ou en grappe sur-
viennent a intervalles relativement fixe. Cette struc-
ture temporelle de I'épilepsie est un phénomeéne
fascinant qui a probablement une base endogéne.
Au cours des décennies passées, les tentatives de pré-
diction de crises ont été le terrain de jeux de quelques
épileptologues et scientifiques connaissant bien les
systémes non-linéaires et les outils statistiques. Au-
jourd’hui, avec le développement rapide des appareils
« wearable » et implantables, I'idée gagne du terrain
au sein de la communauté épileptologique. Avec 'aide
de développements en « machine-learning » et I'accu-
mulation de quantités de données sur I'épilepsie, notre
branche peut transformer cette idée autrefois vague en
un outil pratique pour le bénéfice des patients. Nous
prédisons que la prédiction des crises est une réalité a
venir.

Mots-clés : prédiction des crises, chronobiologie, ryth-
me circadien, rythmes multidien

Anfallsvorhersage: Nicht mehr undenkbar

Epilepsie kann als typisches Beispiel einer ,zyk-
lischen Hirnerkrankung“ betrachtet werden: Einzel-
ne Anfdlle oder Gruppen von Anfdllen wechseln sich
mit erstaunlich konstanten anfallsfreien Zeitperio-
den ab. Dieses faszinierende Phanomen hat mit hoher
Wabhrscheinlichkeit endogene Ursachen. Wahrend der
letzten Jahrzehnte hat die Anfallsvorhersage ein Ni-
schendasein gefristet, hauptsachlich betrieben von ei-
ner Gruppe von Epileptologen und Naturwissenschaft-
lern, die tber das notwendige anspruchsvolle Wissen
uber nichtlineare Systeme und statistische Methoden
verfligten. Mit der heutigen raschen Entwicklung von
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trag- oder sogar implantierbaren Geraten stosst die
Idee der Anfallsvorhersage nun aber auf zunehmend
breiteres Interesse und Akzeptanz in der klinischen
Epileptologie. Unterstuitzt durch die synergetische Ent-
wicklung des maschinellen Lernens und die Entstehung
umfassender Datenmengen, generiert durch zuneh-
mend mobilere Epilepsiediagnosegerate, besteht erst-
mals die Moglichkeit, die einst noch unscharfe Vision
einer Anfallsvorhersage in die Praxis umzusetzen, zum
Nutzen aller Patienten mit pharmakoresistenter Epilep-
sie. Wir sagen voraus, dass die Vorhersage von Anfallen
schon bald Realitat sein wird.

Schliisselworter: Anfallsvorhersage, Chronobiologie,
circadianer Rhythmus, Multidien-Rhythmen

Introduction

Epilepsy is characterized by the seemingly random
occurrence of spontaneous seizures. Yet, any neurolo-
gist has been confronted with individual patients’ sei-
zure diary revealing striking regularity (Figure 1). Over
the course of history, this regularity in seizures has
been attributed to devil intervention, phases of the
moon — epilepsy patients were once called “lunatics” in
reference to their behaviors influenced by the moon —
or other obscure forces. Centuries of observation have
only formally identified a handful of triggers (Table
1) for epileptic seizures, and none that is considered
causal of the disorder. An underexplored endogenous
modulation may be underlying rhythmicity in epilepsy.

Historical aspects

In the 19th century, Gowers already recognized
groups of epilepsy patients having exclusively noctur-
nal (22%) or diurnal (45%) episodes or a mix of both
(33%) [1]. At the beginning of the 20th century, colo-
nies for epilepsy patients were organized, motivated by
the rationale that work in the fields was beneficial for
their health. One such example is the Lingfield colony,
in the London countryside, where more than 100 boys
and men were living in community. Through constant
surveillance, and meticulous charting of the time and
date of seizure occurrence, a number of facts regarding
rhythmicity in epilepsy were established. In the 1920s,
Langdon-Down and Brain [2] showed the circadian
modulation beyond vigilance stages of 2’524 major
seizures (mostly convulsive). A decade later, this was
confirmed by Griffith and Fox [3] in extended analy-
ses based on no less than 39’929 seizure occurrences.
They showed that seizures tended to recur at the same
time of the day across patients, with preferential times
being 6 a.m., noon and midnight. They also showed
that seizures are interspersed with relatively constant
seizure-free intervals in given patients. The duration
of this interval varied from patient to patient, for ex-
ample weekly, bi-weekly, monthly or longer, including
rare examples of seasonal epilepsy. Their landmark pa-
per points to a patient-specific endogenous multidien
(multi-day) rhythmicity in epileptic activity that is key
to determining seizure timing.

As epilepsy patients regained their status of com-
munity dwellers, access to that information was par-
tially lost, due to the pervasive inaccuracy of self-re-
ported events. Nevertheless, Bercel [4] published in the
1960s a series of 1105 male and females cases of which
10% displayed regular cycles of 2 weeks, 4 weeks, or
several months. He also made the comment that “The
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Figure 1: Example of a seizure diary kept during about a year by a patient followed at the University Hospital of Bern
(Inselspital, courtesy of PD Dr. med. Heidemarie Gast). Left: note the striking regularity with which single seizures or clusters
occur. Yet, the average periodicity of 23 days is slightly variable. In July, seven seizures occurred over the course of 5 days,

representing a prolonged cluster.

Right: Each arrow represents one seizure and is pointing to its time of occurrence on the 24-hour clock. Note a tendency for

seizure to occur in the afternoon and evening, with a second smaller cluster around six o’clock. Without access to continuous

recordings of interictal epileptiform activity, rhythmicity is apparent, but only partially characterized.
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Table 1: Factors influencing the timing of seizures

Triggers Cyclical modulation

Medication non-compliance
Alcohol or drugs

Stress

Sleep deprivation

Fatigue

Flashing lights (rarely)

Reflex seizures (rarely)

Circadian cycle (time of day)

Sleep-wake cycle (brain states)

Multidien cycles (multiple days)
Hormonal cycles (for example: menstrual)

Unknown modulating factors

time structure of epileptic rhythms has not yet been
studied by means of computer technics, which leaves
a good many male epileptics with 28-day periodicity
still staring at the moon for an answer”. Although the
study of seizure timing by means of computer tech-
nics has advanced our statistical understanding of the
phenomenon, the biological explanation for these
rhythms is still lacking entirely and an influence of lu-
nar cycles has not formally been excluded. One fact is
established: Rhythmicity in epilepsy is to be found in
women, men and children alike.

Temporal structure in epilepsy

Historical knowledge on temporal patterns of sei-
zure recurrence has been rediscovered over the past few
years through the lens of technology. Data from chronic
EEG (i.e. many months) in ambulatory patients repre-
sent an invaluable source of information to broaden
our knowledge on the topic. Electrographic documen-
tation is one objective measurement of seizure timing
that can fully supplant patient-based seizure calendars,
notorious for being unreliable and inaccurate in many
cases [5].

To this day, two datasets of chronic EEG recordings
have been investigated: the NeuroVista and the Neu-
roPace data. The NeuroVista data comes from a trial of
an implanted seizure warning system in 15 patients
over three years (see below) and represents to date
the only continuous raw EEG data recorded over many
months. The NeuroPace data comes from a responsive
neurostimulation device implanted, to this date, in
more than 1500 patients for therapeutic purposes in
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the US. As opposed to the NeuroVista data, the Neu-
roPace data does not provide access to continuous raw
EEG but instead counts of detected epileptiform events.
Despite this limitation, data accumulated for up to 10
years provides an important source of information.

In a recent study [6], epileptic activity was shown
to be regulated at multiple temporal scales. First, the
sleep-wake and circadian cycles were shown to influ-
ence the rate of interictal epileptiform discharges. Sec-
ond, the study unraveled that ictal and interictal activ-
ity was modulated in multidien cycles with periodicity
of several days specific to each patient. This observa-
tion positions the interictal epileptiform activity as an
excellent biomarker to monitor epileptic brain activity
over time. Indeed, interictal epileptiform activity can be
used to “partition” time into periods of low and high
risk for epileptic seizures [7].

The pro- and pre-ictal states

The feasibility of seizure forecasting crucially relies
on the existence of two pathophysiological phenom-
ena that are known to clinicians: a pro-ictal state on
the scale of days and a pre-ictal state on the scale of
minutes to hours. The pro-ictal state relates closely to
the circadian and multidien rhythms described in the
previous paragraph. Due to pro-ictal states lasting a
few days, seizures tend to occur in clusters during these
recurring periods of high seizure risk (Figure 2). Clinical
evidence for a pre-ictal state is to be found in some pa-
tients (~6%) who feel “something building up” as non-
specific premonitory symptoms (that are different from
an aura), minutes to hours before the occurrence of a

Forecasting Seizures: Not Unthinkable Anymore | M. Baud, K. Schindler
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Figure 2: Depiction of the different states of the epileptic brain over time.

Left: Seizures happen for the most part during pro-ictal states and can be forecasted by extrapolating the expected next cycle.
Right: Seizure prediction seconds or minutes before seizure onset, based on the detection of a pre-ictal state in the EEG. Future
algorithms for the anticipation of seizures will combine information at both temporal scales for improved performance.

seizure, including restlessness, malaise and headaches
[8]. There is also mounting electrophysiological and
neuroimaging [9] evidence that changes in the brain
are detectable, minutes before the onset of seizures.

While a consensus definition is lacking, the field
usually refers to seizure prediction in the sense of
warnings of impending seizures based on the detec-
tion of a pre-ictal state. Based on recent understanding
of the temporal structure of epilepsy, we propose that
seizure-risk forecasting can be defined as establishing
the probabilistic forecast of seizures over the course
of a few days, akin to weather forecasting. These two
concepts are not antagonist but complementary and
reflect the multiple timescales (days vs. minutes) at
which epilepsy operates. In a Bayesian approach, know-
ing the seizure risk on a given day or hour will help re-
fine the performance of seizure prediction algorithms
[10]. An alert (pro-ictal) could be given a few days in ad-
vance and confirmed (or not) by a warning of imminent
seizure (pre-ictal) a few minutes in advance.

Past trials of seizure prediction

With the development of chaos theory and non-lin-
ear system theory in the 1980s, physicists became in-
terested in applying their tools to EEG time series, aim-
ing at understanding the dynamics of the brain switch-
ing from one state (normal) to another (seizure). Using
intracranial EEG from inpatient epilepsy work-ups, early
papers described peri-ictal changes of chaoticity meas-
ures, and proposed that the methods from non-linear
dynamics could help anticipate seizures [11]. However,
the initial enthusiasm was slowed down by several
studies reporting negative results or questioning the
validity of the methods applied (for an overview see
[12]). During the first few international workshops on
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seizure prediction (Bonn, 2002, Freiburg 2007), none
of the participants was able to predict seizures above
chance on a dataset available during the meeting.

One consequence of the raising skepticism was
that researchers took “one step back” and started to
re-investigate and better define the events to be pre-
dicted, i.e. the seizures [13]. A better understanding of
epileptic seizures can help identify states promoting
or impairing their occurrence and ultimately improve
prediction. Over the past two decades, the understand-
ing of seizure dynamics, i.e. how seizures begin, how
they propagate and how they terminate [14,15], has
improved with the use of advanced analytical methods
[16 - 20]. Yet, no single biomarker of the preictal state
has been identified to date.

As a consequence, in the 2010s the field has turned
to multi-variate measures and machine-learning as
the default approach to personalizing predictive al-
gorithms on a patient-specific basis. A number of
standards were established for the statistical testing
of algorithm performance [12]. These developments
have been led by contributive efforts of the machine-
learning community through competitions open to
the public (www.kaggle.com). Rigorous methodology
was imposed including training algorithms on a subset
of data and testing them on a separate subset of data
from the same patients that was not available to the
participants [21, 22]. Overall, the results were above
chance and very encouraging when based on long-term
recordings. The initial issue of low specificity of predic-
tion was overcome. This is key as false warnings can
lead to increased stress for patients. Yet, this approach
does not help us understand the pathophysiology of
epilepsy, as the algorithms typically rely on a number of
EEG input features that are difficult to synthesize into
one coherent explanation.
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First prospective trial of seizure prediction

After a few prospective trials based on inpatient
EEG recordings, researchers soon realized that changes
in medication and sleep deprivation could confuse the
picture. There are clear benefits in attempting seizure
prediction in ambulatory patients, on stable medica-
tion, in their natural environment. The NeuroVista trial
is to date the only prospective trial of ambulatory sei-
zure prediction. It took place in Melbourne between
2010 and 2012, enrolling 15 participants. This study
relied on chronic intracranial EEG using 16 electrodes,
directly in contact with one brain hemisphere. A sub-
clavicular implant was communicating to an external
hand-held unit. The system enabled data processing
in real time and issued warnings in the form of colored
lights: blinking red for impending seizure, white for in-
determinate and blue for safe. Across patients, results
were mixed, but for a subset of patients (N=9) above-
chance warnings could be issued. Interestingly, the blue
light (safe) was as valuable as the red light and contrib-
uted to decrease stress. Once the study concluded, the
NeuroVista system was never commercialized due to a
lack of investment.

From this trial a number of points were clear: Pre-
diction algorithms need to be patient-specific and re-
quire a great amount of data to be trained. Success of
prediction also seemed to heavily depend on finding
the right algorithm. Even in patients with seizures that
were difficult to predict during the trial, offline analy-
sis and algorithm development after the closure of the
trial enabled great improvement in predictions, once
the correct method was found. This indicates that aside
from hardware development (i.e. a recording device),
optimization of software is also needed. This pioneer-
ing study established that seizure prediction was fea-
sible prospectively, and useful for these patients. This
represents a revolution for our field.

Upcoming trials

Enriched by evidence accumulated with chronic
EEG, new clinical trials are in preparation. The American
Epilepsy Foundation attributed a 3 million dollar grant
to a team of scientists to develop a system for seizure
forecasting (www.epilepsy.com). Other trials in Europe
(Radar-CNS, www.radar-cns.org) have also invested
in wearables to better understand epilepsy at a large
scale. Yet the most reliable biomarker to date remains
brain activity; and in addition to intracranial systems,
sub-scalp minimally invasive EEG could be used for sim-
ilar purposes.
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Future of chrono-epileptology

In the coming years, miniaturization of electron-
ics, development of connected devices (« Internet of
Things ») and rapid development of know-how in neu-
ro-engineering will continue. Technology will play a
major role in neurology in general and in epileptology
in particular. EEG is the only established portable tech-
nique for investigating the brain in its natural environ-
ment. It is far superior to MRI in its applicability to con-
tinuous chronic recordings.

It is thus natural to think that the advent of chronic
EEG will improve the care for chronic neurological disor-
ders. Today, it is conceivable that patients with epilepsy
will track their disease activity and titrate their anti-ep-
ileptic drugs, just like patients with diabetes track their
glucose and adjust their insulin. Seizure forecasting is
not unthinkable anymore [23, 24].
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Summary

The identification of effective targets for resection
is a crucial requirement for the surgical treatment of
epilepsy. Quantitative methods have the potential to
provide beneficial information in this regard and might
in the future reduce the necessary time and effort for
physicians.

The approach described here uses a distributional
clustering framework for the modeling of multivari-
ate time series to predict the efficacy of arbitrary re-
sections. This novel approach allows simulating the
resection of any combination of channels and assigns
them a collective value indicating the likelihood of the
model’s ictal state. When simulated, the majority of
resections that rendered patients seizure free in reality
(Engel class 1) considerably decrease the probability of
the ictal state compared to the situation of no resec-
tion. The same is not the case for most actually per-
formed but ineffective resections (Engel class V) and
most random simulated resections.

The presented method enables physicians to test
planned resections in silico for their efficacy before
surgery. Further validation could help to establish this
method in the clinical routine and thereby not only dis-
burden physicians from a cumbersome and error prone
task but also introduce objectivity into it and eventual-
ly increase the success rate in epilepsy surgery.
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Computerbasierte Vorhersage der Wirkung von
Epilepsiechirurgie

Bei der chirurgischen Behandlung von Epilepsie ist
es entscheidend, Gewebe zu identifizieren, dessen Re-
sektion einen positiven Effekt fiir den Patienten hat.
Quantitative Methoden konnen diesbeziiglich hilfrei-
che Informationen bereitstellen und somit den Arbeits-
und Zeitaufwand fiir Arzte verringern. Bis heute werden
quantitative Methoden im routinemassigen Arbeitsab-
lauf jedoch kaum verwendet und die zu resezierenden
Hirnareale werden nach wie vor fast ausschliesslich von
Experten durch visuelle Analyse bestimmt.

Die hier beschriebene Methode modelliert die zeit-
liche Entwicklung von intrakraniellen EEG-Ableitun-
gen, um die Wirksamkeit hypothetischer Resektionen
vorherzusagen. Das Modell berechnet dazu die Wahr-
scheinlichkeit iktaler Zustande fiir die simulierte Re-
sektion beliebiger Kombinationen von EEG-Kanalen.
Verglichen mit dem Ausgangszustand fiihrt die Simula-
tion von tatsachlich durchgefiihrten Resektionen, unter
welchen die Patienten anfallsfrei wurden (Engel-Klasse
[) im Modell mehrheitlich zu einer erheblich tieferen
Wahrscheinlichkeit iktaler Zustande. Bei den meisten
Resektionen, die keinen vorteilhaften Effekt fur den
Patienten hatten (Engel-Klasse IV) und den meisten zu-
falligen simulierten Resektionen ist keine vergleichbare
Wahrscheinlichkeitsabnahme zu beobachten.

Dieser neuartige Ansatz ermoglicht es Arzten, ge-
plante Resektionen zuerst am Computer auf ihre ver-
mutliche Wirksamkeit zu priifen. Eine umfangreichere
Validierung konnte diese Methode im klinischen All-
tag etablieren und dadurch Arzte von mithsamen und
fehleranfalligen Arbeiten entlasten, ein erhdhtes Mass
an Objektivitat in den prachirurgischen Arbeitsprozess
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bringen und voraussichtlich die Erfolgsrate in der Epi-
lepsiechirurgie erhohen.

Schliisselworter: Epilepsie, quantitative EEG-Analyse,
Epilepsiechirurgie, pradiktive Simulation

Résection virtuelle pour simuler la chirurgie de
I'épilepsie

Dans la chirurgie de I'épilepsie, il est crucial d’iden-
tifier avec précision la zone a réséquer. Les méthodes
quantitatives peuvent y contribuer, et vont potentielle-
ment faciliter les investigations pré-chirurgicales. A ce
jour les approches quantitatives n’ont cependant pas
encore été intégrées dans la décision clinique, et I'iden-
tification des cibles de la chirurgie est faite par examen
visuel. L'approche que nous décrivons ici utilise des mé-
thodes de partitionnement de données («clustering»
en anglais) appliquées aux séries temporelles pour
prédire I'effet de différentes résections. Cette nouvel-
le approche nous permet de simuler la résection d’un
groupe de canaux, et d’attribuer a la configuration res-
tante une probabilité d’entrer ou non dans un état ictal.
Lorsque nous simulons la résection effectuée chez les
patients sans crises aprées I'intervention (Engel 1), notre
model prédit une probabilité plus faible pour la résur-
gence d’un état ictal. Par contre, si nous simulons la ré-
section effectuée chez des patients avec persistance de
crises apres I'opération, ou des résections au hasard, on
note que cette probabilité n’est pas diminuée.

La méthode que nous présentons permet donc aux
cliniciens de tester des résections in silico avant de les
réaliser. La validation clinique de notre méthode pour-
rait aider le clinicien, en introduisant une méthode ob-
jective dans la bilan pré-chirurgical de I’épilepsie.

Mots-clés : épilepsie, EEG quantitatif, chirurgie résec-
tive, prédiction

Introduction

Epileptic seizures heavily decrease patients’ quality
of life. To render patients seizure free is thus the main
goal of epilepsy treatment. Using pharmaceuticals, this
is not achieved in around one third of all epilepsy pa-
tients [1-4]. For those suffering from pharmacoresist-
ant focal onset epilepsies, surgical treatment can be
considered. Surgical treatment aims to remove the tis-
sue that is necessary and sufficient for the generation
of epileptic seizures, termed the epileptogenic zone
(EZ) [5, 6]. Since this zone is a theoretical concept, there
is no technique to directly identify it by any current im-
aging or electrophysiological technique and clinicians
are forced to use approximations.
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One proxy that is often used in practice is the sei-
zure onset zone (SOZ) which is defined by the channels
of an EEG recording first showing continuous epilepti-
form activity. The SOZ is thought to overlap with the EZ
but its exact boundaries and the actual extent of over-
lap with the EZ remain unknown [5]. Nowadays, the
determination of the SOZ is still mainly done visually
by human experts, as no automated method has found
its way into clinical routine. However, the visual analy-
sis has several disadvantages: It requires time and lacks
objectivity. Also the success rate of the current practice
leaves room for improvement — long-term seizure free-
dom is achieved in up to 2/3 of patients [7-10].

Computational analysis of intracranial EEG (iEEG)
data could help to improve on all these issues and thus
has evoked large interest and extensive research. A vari-
ety of techniques based on different mathematical and
physical concepts has been applied to iEEG to identify
tissue for surgical resection. Signals can be analyzed
individually (univariate) or by their interrelations with
other signals (bivariate and multivariate), whereas
the latter can be further divided into symmetric rela-
tions (undirected) and causal relations (directed). Fur-
thermore, such techniques can be linear or non-linear
and they can be applied in signal space or in frequency
space. For a comprehensive survey the interested read-
er may refer, for example, to [11].

Functional network analysis has been used to iden-
tify critical channels as potential targets for surgical
removal. Typically, each channel constitutes a node and
connections between nodes are determined by some
pairwise dependency measure. Using graph theory
nodes can be characterized and selected by their posi-
tion or influence in the network regarding connectiv-
ity, centrality or similar. Several studies have shown
relations between such salient nodes and the resected
brain tissue and its related post-surgical outcome [12-
16]. A limitation of these approaches is their descriptive
nature, i.e. they cannot make predictions about the sys-
tem under modifications; also, the pairwise construc-
tion of node relations does not capture statistical de-
pendencies of higher order.

Few studies presented computational models to
simulate and assess resective surgery targets in silico.
Hutchings et al. combined a nonlinear computational
model with subject-specific diffusion tensor imaging
data [17]. Sinha et al. set up patient-specific dynami-
cal network models using network connectivity derived
from interictal ECoG data [18, 19]. Goodfellow et al.
used the first half of seizures from iEEG data to derive
patient-specific functional networks of neural mass
models which then allow to test alternative resection
strategies [20]. Using various periictal segments of the
same patients’ data, Lopes et al. set up a mathemati-
cal model to examine the contribution of brain regions
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to seizure generation and thereby make recommenda-
tions for resection [21]. All these models have shown to
capture crucial features of the data and to provide ad-
ditional clinically relevant information.

Here we present some illustrative examples of a fur-
ther method recently developed at the Inselspital [22]
that sets up a probabilistic model that, after a learning
procedure, can be used to simulate the effects of the re-
moval of tissue beneath the electrodes of the EEG. In
particular, it allows making predictions about seizure
likelihood after selective elimination of input signals
(EEG channels). The method has been shown to predict
a clear decrease in seizure likelihood when resections
are simulated that rendered the corresponding patients
seizure free in reality. Vice versa, resections which did
not have any beneficial effect for the patients in reality
do generally not decrease the predicted seizure likeli-
hood when simulated [22].

A soft clustering method

In the following, a brief description is provided how
a model is derived from an iEEG recording (left half of
Fig. 1) and how this model is used to make predictions
about the efficacy of resections (right half of Fig. 1). For
a detailed mathematical description and an in-depth
understanding of the process please refer to the meth-
od’s original publication [22].

At the beginning a model is generated using the
data of all channels of a periictal segment, containing
the complete seizure and the immediately preceding
180 second (s) preictal period. This allows the model to
learn both, ictal and non-ictal activity. Afterwards the
model is used with the data of all channels, but only
from the preictal segment. This constitutes the situ-
ation when no resection is simulated. Then, the data
of an arbitrary set of channels is removed for the en-
tire recording which simulates the resection of this set.
The difference between this situation and the situation
where no resection was simulated yields the model’s
prediction about the efficacy of the specific resection.
The actual set of channels recording from tissue that
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Input signals of

L 4
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Figure 1: The course of actions to generate a model from an intracranial EEG recording (left half) and to make a prediction for
an arbitrary resection using the model (right half). Further explanations can be found in the text.
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was later resected is subsequently referred to as the ac-
tual resection (determined using coregistered pre- and
post-operative MR images and post-implantation CT
images [15]).

Initially the periictal iEEG data of a recording (panel
1 in figures 2-4) is preprocessed (filtered and normal-
ized channel-wise), discretized to 7 values and time
windowed (window length = 1.25s). The discretized
values of all channels inside a window constitute a dis-
tribution and all these empirical distributions are clus-
tered to get 6 representative distributions (the cluster
centroids, in the following called the model’s states). It
can now be determined for each time step which state
best represents the data in that window (panel 2 in fig-
ures 2-4). This is the model’s description of the full data.
Using this description one can define the probabilities
of all states when no further information is provided
(prior probabilities) and the transition probabilities be-
tween states. The time point of seizure onset (visually
identified by an experienced epileptologist) separates
the recording into a preictal phase and an ictal phase. If
a state is occurring mainly during the preictal phase it is
considered a non-ictal state, by contrast states mainly
occurring in the ictal phase are considered ictal states.

The seizure onset also determines the time point af-
ter which no iEEG data is provided to the model when
making predictions (following referred to as cutting the
data). In these simulations, the probability distribution
of the states before seizure onset and the transition
probabilities induce the states’ temporal dynamics in
the ictal phase. When the data is cut (panel 3 in figures
2-4) one calculates the probabilities of each state at
each time step (posterior probabilities). The summed
probability of all ictal states in the ictal phase deter-
mines the predicted likelihood of a seizure occurring.

Repeating this process, but with the input data of
some channels removed over the whole recording (pan-
el 4 and 5 in figures 2-4), simulates the resection. The
resulting likelihood of a seizure occurring in contrast
to the situation where no resection is simulated deter-
mines the predicted efficacy of this resection to hinder
the development of seizures. We call this predicted ef-
ficacy dynamical outcome which is 1 for complete sei-
zure abatement, between 0 and 1 for lower predicted
benefit or below 0 if the resection is even expected to
worsen the situation.

Example cases

We now show three examples of the procedure
described above. In all cases the periictal iEEG time
series is shown in the first panel with the clinically
determined seizure onset at 180s. The second panel
shows the corresponding temporal evolution of the
state probabilities when the full iEEG data is fed to the
model. This determines the ictal states (the states pre-
dominantly active after 180s) and the time point to cut
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the input data for the subsequent simulations. If the
input data is cut, the state probabilities develop accord-
ing to the model afterwards which is shown in the third
panel. The fourth and the fifth panel show situations
when additionally the input data of certain channels is
removed completely, for the actual resection (panel 4)
and an equally sized random set of channels (panel 5).

The first case is of a patient with Engel class I (i.e.
the patient was seizure free after resection). After the
seizure onset, different states become probable that
have not been probable before. In both cases where the
full data is provided (panel 2 of Fig. 2) and with the da-
ta cut after seizure onset (panel 3 of Fig. 2), the transi-
tions to state 4 and then to states 2 and 5 remain simi-
lar. According to the second panel, the states 1-2 and
4-5 are classified as the ictal states. When simulating
the patient’s actual resection, the probabilities of the
ictal states largely vanish and the non-ictal state 6 be-
comes highly probable. This indicates that the removal
of these channels is expected to prevent the develop-
ment of seizures (panel 4 of Fig. 2).

Since this patient became seizure free after surgery,
this is what one would expect from the corresponding
simulation. A majority of tested random resections con-
taining the same number of channels as the actual re-
section have no such effect. This indicates they would
not help to reduce seizure occurrence as one would ex-
pect from arbitrary resections (one example shown in
panel 5 of Fig. 2). Accordingly, this patient counts as a
true positive case in the summary statistics (see below).

The second case is from an Engel class IV patient
(i.e. no improvement at all after surgery). The succes-
sion of states in the ictal part of the recording does
not change when no input data is provided in this part
(panel 2 and 3 of Fig. 3). In patients without any reduc-
tion of seizure occurrence in reality, one would obvious-
ly want the model to predict the same. However, in this
case the simulation of the actual resection extensively
lowers the probability of the ictal states (2-6) (panel 4
of Fig. 3). This can typically not be observed for random
resections (panel 5 of Fig. 3). The patient thus counts as
a false positive.

The third case is again from a class IV patient. The
initial order of states becoming active in the ictal part
(panel 2 of Fig. 4) is not observable after the data is cut
at seizure onset (panel 3 of Fig. 4). This time the simula-
tion of the actual resection correctly predicts it to have
no beneficial effect for the patient (no decrease of the
probabilities of the ictal states 2-5) (panel 4 of Fig. 4).
The same is the case for most random resections and
some, as the one displayed in panel 5, are also predict-
ed to be more beneficial for the patient than the actual
resection (lower probability of the ictal states). This pa-
tient counts as a true negative.
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Figure 2: Panel 1 shows the segment of the intracranial EEG recording of a class | patient (4) that was used to create the model
which then correctly predicts the efficacy of the actual resection (dynamical outcome = 0.955). The clinically determined
seizure onset is at 180s and channels recording from brain tissue that was subsequently resected are in red. Panels 2-5 show
for different situations the probabilities (color coded) of the model's states (y-axis) over time (x-axis). Panel 2: full iEEG data is
provided to the model for the preictal and the ictal phase. Based on this analysis states 1-2 and 4-5 are defined as ictal states
because they are mainly probable during the seizure. Panel 3: iEEG data of all channels until the seizure onset is provided
whereas the dynamics in the ictal phase are determined by the model only. Still, they strongly resemble the dynamics in
panel 2. Panel 4: iEEG data of all but the actually resected channels until the seizure onset is provided. The model predicts a
high probability of a non-ictal state (state 6) throughout. Panel 5: iEEG data of all but a random selection of channels until the
seizure onset is provided. The model predicts an ictal dynamic.

Summary statistics

In former publications this method was applied to
groups of pharmacoresistant epilepsy patients that had
resective surgery with known outcome and a follow-up
of at least one year [22, 23]. We here show the sum-
mary results for 20 patients (see [23] for details on the
patients). Only patients free from seizures and auras
after surgery (Engel class I) and patients for whom the
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surgery had no beneficial effect (Engel class IV) were in-
cluded.

We generated a model for the first artifact-free re-
cording of each patient and assessed the effectiveness
of different simulated resections to prevent a develop-
ing seizure. For each model we simulated the resection
of the channels that recorded from tissue that got af-
terwards resected during surgery (the actual resection).
In addition, we tested for each patient’s model a set of
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Figure 3: The same displays and depictions as in Fig. 2 for a class IV patient (15) where the model falsely predicts considerable
benefit for the patient from the actual resection (dynamical outcome = 0.896). The ictal states are in this case states 2-6.

3000 random resections. The number of channels in
these random resections was constrained to the num-
ber of actually resected channels of the respective pa-
tient, and the channels of the actual resection were ex-
cluded from becoming part of the random resections.
This procedure was performed for all models and
the results are collected in Figure 5. The sorted dynami-
cal outcomes of all simulated resections are shown as
the cumulative distribution by the black line. From all
random resections (~60’000) a large portion has a very
low dynamical outcome indicating their inefficiency.
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Discussion

We applied a dynamic soft clustering approach for
multivariate time series to intracranial EEG data of epi-
lepsy patients to predict the effectiveness of (virtual)
resections to prohibit seizures. The probability of auto-
matically determined ictal model states was used as an
outcome performance measure, called the dynamical
outcome.

When simulating the resections actually performed
in the patients, we found a considerable decrease in dy-
namical outcome in most Engel class | patients correctly
predicting the benefit of the actual resection. Given the
vast numbers of possible models and channel resection
protocols, it is extremely unlikely to get these results by
chance. In the Engel class IV patients, we found in most
cases no considerable decrease of dynamical outcome
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Figure 4: The same displays and depictions as in Fig. 2 for a class IV patient (17) where the model correctly predicts no
improvement by the actual resection (dynamical outcome = 0.0). The ictal states are in this case states 2-5.

when simulating the actual resections. In this case the
interpretation of the results is ambiguous as the nega-
tive prediction may also be caused by the model’s fail-
ure to capture crucial features of the time series. When
simulating arbitrary resections, in all cases the major-
ity of resections are predicted to have no considerable
beneficial effect. This verifies that the method is spe-
cific and does not predict high benefit for a dispropor-
tional number of resections.

These results suggest that the presented approach
is capable of extracting key features of epileptic iEEG
time series and, based on that, predicting the seizure-
preventing efficacy of different resection protocols. Vis-
ual analysis typically focuses on searching suspicious
patterns as spike-waves or low-amplitude, fast oscil-
lations. This univariate view may be too simplistic for
some forms of epileptic activity. Multivariate measures
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including complex interactions of multiple subparts of
the epileptic brain could provide new and helpful infor-
mation. It will be the object of future work to identify
these crucial features.

So far, most of these approaches share the limita-
tion that they can currently only make assessments of
previously selected resections and are not able to pro-
vide the resection(s) predicted to be most beneficial. To
find the best resection in the huge number of possible
resections is a combinatorial optimization problem. In
the case of nonlinear methods, there is (currently) no
algorithm to solve this problem exactly in feasible time.
Approximate algorithms like e.g. metaheuristic proce-
dures would be a possibility to extend such approaches
to include that capability in the future.

To bring these technologies closer to clinical under-
standing and finally acceptance, one needs to inves-

Virtual Resection for Predicting the Outcome of Epilepsy Surgery | M. Miiller, C. Rummel, K. Schindler, A. Steimer



14
1&

L
LE

Iynarmecal oubcome

Sensilely

ALC = 085

0s
Specificity
1
1
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tigate the meaning of the cluster centers displayed in
Figures 2-4. Are these clusters indicating the appear-
ance of certain wave-forms or wave-form distributions
among iEEG channels?

Numerous approaches including the one presented
here can be used to assess the efficacy of distinct and
clinically preselected channel resections. In their visual
analyses epileptologists focus on suspicious patterns
such as spike-waves or low amplitude, fast oscillations,
thus univariate signal characteristics. Suboptimal out-
comes suggest that at least some cases require more
elaborated considerations like multivariate techniques
incorporating complex interactions of different sub-
parts. This assumption is supported by the growing
perception of epilepsy as a network phenomenon [13,
15, 16, 24-30]. Computational models such as the clus-
tering procedure presented in this study could provide
assistance to grasp such complex interactions and thus
have the potential to improve the surgical treatment of

epilepsy.
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Combining Visual and Computational Approaches in Pre-surgical Evaluation for
Pharmaco-resistant Epilepsy: a Case-based Presentation

Summary

About thirty percent of patients with focal epi-
lepsy continue to have seizures despite best possible
treatment with seizure suppressive drugs. For these
patients, epilepsy surgery is currently the best chance
to attain seizure freedom. Pre-surgical evaluation is a
highly specialized task, and aims at a) delineating the
brain area responsible for seizure generation and to
b) assess whether this brain area may be surgically re-
moved without neurological sequelae. Pre-surgical
evaluation requires an integrated analysis of clinical,
electrophysiological and neuroradiological findings.
Here we present the case of a patient with MR-negative
focal epilepsy who underwent pre-surgical evaluation
at the Berne University Hospital. We describe sequen-
tially the different steps of the evaluation and novel
quantitative EEG and MRI analysis methods that may
contribute to clinical decision making.

Epileptologie 2018; 35: 171 — 180

Keywords: EEG, Stereo EEG, MRI, temporal lobe epi-
lepsy, epilepsy surgery, quantitative analysis

Visuelle und quantitative Analyse in der
prachirurgischen Abklarung der Epilepsie:
eine Fallvorstellung

Etwa dreissig Prozent der Patienten mit fokalen
Epilepsien haben trotz bestmoglicher Behandlung mit
anfallsunterdriickenden Medikamenten weiterhin An-
falle. Fiir diese Patienten bietet Epilepsiechirurgie die
derzeit beste Chance, Anfallsfreiheit zu erreichen. Die
prachirurgische Abklarung ist ein hochspezialisiertes
Verfahren und zielt darauf ab, a) das fiir die Anfallsent-
stehung verantwortliche Hirnareal abzugrenzen und b)
abzuschatzen, ob dieses Hirnareal ohne neurologische
Folgeschdden chirurgisch entfernt werden kann. Die
prachirurgische Abklarung benotigt eine integrierte
Analyse klinischer, elektrophysiologischer und neuro-
radiologischer Befunde. Wir stellen hier den Fall eines
Patienten mit MR-negativer fokaler Epilepsie vor, der
sich der prachirurgischen Abklarung am Berner Univer-
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sitatsspital unterzogen hat. Wir beschreiben der Reihe
nach die verschiedenen Abklarungsschritte sowie neue
quantitative Methoden zur Auswertung von EEG und
MRT, die zur klinischen Entscheidungsfindung beitra-
gen konnen.

Schliisselworter: EEG, Stereo-EEG, MRT, Temporallap-
penepilepsie, Epilepsiechirurgie, quantitative Analyse

Convergence des méthodes d’analyse visuelle
et computationelle dans I’évaluation
préchirurgicale de I’épilepsie: présentation d’un cas

Trente pour-cent des patients avec une épilepsie fo-
cale continuent d’avoir des crises épileptiques malgré le
meilleur traitement médicamenteux possible. Pour ces
patients, la meilleure chance de ne plus avoir de crises
est la chirurgie de I'épilepsie. Lévaluation pré-chirurgi-
cale de I'’épilepsie est une procédure hautement spécia-
lisée, dont le but est a) d’identifier la région du cerveau
responsable de la génération des crises, et b) d’évaluer
si cette région peut étre réséquée chirurgicalement
sans déficit neurologique. Lévaluation pré-chirurgicale
requiert I'analyse combinée des données cliniques,
electrophysiologiques et neuroradiologiques. Nous pré-
sentons le cas d’un patient qui a participé a une évalua-
tion pré-chirurgicale a ’'Hopital Universitaire de Berne
(Inselspital). Nous décrivons les différentes étapes de
cette évaluation, en présentant aussi de nouvelles mé-
thodes d’analyse quantitative de I'EEG et de I'IRM.

Mots-clés : EEG, Stereo-EEG, IRM, épilepsie du lobe
temporal, chirurgie de I'épilepsie, analyse quantitative

Introduction

Epilepsy can be devastating. In particular the
seemingly unpredictable occurrence of seizures
often leads to dramatic psychological and social
consequences. Patients start to renounce social events
and are impaired to perform several professional or
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leisure activities such as driving or swimming. Many
studies have shown that persistence of seizures — and
not epilepsy per se — is associated with higher risk of
depression [1]. The primary goal of epilepsy therapy is
seizure freedom.

In two-thirds of patients this can be achieved with
seizure suppressive drugs. However, the remaining
patients continue to have seizures albeit best medi-
cal treatment [2]. For many of these patients, surgical
removal of the seizure-generating brain region is cur-
rently the best method to achieve seizure control [3].
If resective epilepsy surgery is not possible, neuromo-
dulatory approaches such as electric stimulation of the
thalamus or the vagal nerve may be considered (also
see Epileptologie 1/2017 on brain stimulation).

Epilepsy surgery aims at resecting the brain area
responsible for the generation and/or propagation of
epileptic seizures. The two most important conditions
to render resection possible are: 1) that one particular
brain region can be delineated as causing the seizures
(often referred to as the “epileptogenic zone”, EZ), and
2) that this brain region can be resected without severe
neurological sequelae, such as speech impairment.

The EZ has been defined as “the minimal region
that has to be removed in order to provide seizure free-
dom”[4]. Delineating this area directly is not possible
with current methods, but the EZ can be approximated
by considering the location of a radiologically detec-
table structural pathology (“epileptogenic lesion”),
the brain area where the seizures start (“seizure onset
zone”, SOZ) and propagate, and where interictal epilep-
tiform EEG signals are recorded (“irritative zone”)[4].

Pre-surgical evaluation is a highly specialized proce-
dure, conducted by multidisciplinary teams of neurolo-
gists, neurosurgeons, neuroradiologists, psychologists,
psychiatrists, physicists and engineers. This diversity
reflects the versatility of techniques invoked. The three
most important modalities are 1) seizure semiology,
namely the clinical description of seizures, 2) magne-
tic resonance imaging (MRI) and 3) the electroence-
phalogram (EEG).

EEG can be recorded with extracranial or with intra-
cranial electrodes, the latter either with grid and strip
electrodes placed onto the cortex (Electrocorticogram)
or with depth electrodes stereotactically inserted into
the brain (Stereo-EEG). The advantage of intra- com-
pared to extracranial EEG is a much higher sensitivity
(signal to noise ratio) and better spatial resolution than
standard EEG. Disadvantages are that the procedure is
invasive and spatial coverage is restricted, requiring an
excellent a priori hypothesis about the location of the
seizure onset zone before implantation.

In many cases, pre-surgical evaluation is straight-
forward, if the findings of the different modalities are
consistent. For instance for patients with hippocampal
sclerosis of the non-dominant cerebral hemisphere, an
EEG with intracranial electrodes is not mandatory, if sei-
zure semiology, MRI findings, and the extracranial EEG

Epileptologie 2018; 35

match [5]. However, the situation turns more complex
if the different non-invasive modalities fail to identify
clearly the putative EZ, or even give conflicting results.
Another difficult situation arises when the putative EZ
is localized within or at the border of a highly eloquent
brain region, which cannot be resected without causing
severe deficits.

Here we present the case of a patient who under-
went epilepsy surgery at the University Hospital Bern /
Inselspital. This case illustrates the investigations car-
ried out sequentially during pre-surgical evaluation,
first with extracranial EEG (“Phase 1”), then with intra-
cranial EEG (“Phase 2”). We present several quantita-
tive tools — some of them developed at our institution
—that we apply to MRI and intracranial EEG.

Case presentation

This 32-year old male has been having seizures for
more than 10 years. The semiology of his seizures was
stereotypical. At seizure onset he experienced a strange
feeling of “perceiving the world as memories”, he then
heard voices without being able to understand the
meaning of what they said; after about 20 seconds the
voices would fade within a few seconds, and he would
then feel extremely tired. Family members described
that while having his seizures the patient was whining,
and would only faintly react when talked to. For a short
period after the seizure he could only reply with “yes”
or “no”.

The MRI was normal, all standard extracranial EEGs
were normal or revealed only discrete slowing over
both temporal regions. Over the past 10 years the pa-
tient had been treated with valproic acid, carbamaze-
pine, oxcarbazepine, levetiracetam, and lamotrigine (in
various combinations) without attaining seizure free-
dom. Based on the seizure semiology and interictal EEG
findings, a temporal lobe epilepsy was suspected.

Phase 1

As a first diagnostic step the patient was hospita-
lized for several days for continuous EEG-video monito-
ring with extracranial electrodes (“Phase 1”). The inte-
rictal EEG during wakefulness was normal (Figure 1A).
During light sleep, however, we observed focal slowing
on the left hemisphere, as well as isolated epileptic
spikes fronto-temporal left (Figure 1B). Two seizures
were recorded (after reducing the seizure suppressive
drugs). Both seizures occurred during light sleep (stage
non-REM 1). The ictal EEG showed epileptiform signals
on the temporal left derivations at seizure onset, fol-
lowed by rapid propagation to the contralateral hemis-
phere (Figure 1C).
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Figure 1: Extracranial EEG during phase 1 pre-surgical evaluation; bipolar longitudinal montage, 10-second epochs.

(A) The interictal EEG in wakefulness was normal with a posterior dominant rhythm at 9-10 Hz, without clear focal slowing or
epileptiform signals.

(B) During light sleep (here sleep stage NREM1) appearance of a focal slowing on the left hemisphere, with isolated focal
interictal spikes frontotemporal (black arrow).

(C) The EEG at seizure onset shows an evolving pattern starting from the temporal derivations with an increase in amplitude,
a decrease in frequency and a propagation to the ipsi-lateral parasagittal regions and to the vertex. We also note the
appearance of rhythmic spike waves temporal left (black oval) The interictal and ictal EEG suggest a left temporal lobe

epilepsy.
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Figure 2: Intracranial EEG during phase 2; monopolar montage, 10-second epochs.

(A) Schematic of electrode placement. Four depth electrodes (DE) were inserted in the temporal lobes: DE1 in the left uncus
(anterior temporal lobe), DE2 in the right uncus, DE3 in the left hippocampus, DE4 in the right hippocampus.

(B) The interictal recordings showed isolated and asynchronous interictal spikes in both hippocampi.

(C) At seizure onset the EEG showed a few spikes followed by low amplitude fast activity in the last contacts of electrode DE1
(black oval), localizing the seizure onset zone in the lateral part of the left temporal pole.

Another MRI followed the video EEG. It showed
swelling of the left hippocampus, which had not been
detectable on the previous MRI, and was therefore
interpreted as post-ictal oedema (and not as an epilep-
togenic structural lesion).

At that point the hypothesis of an involvement of
the left temporal lobe was confirmed, however in ab-
sence of a persistent lesion on the MRI, the extent of
the epileptogenic zone could not be estimated. Thus it
was decided to proceed to phase 2 investigations with
intracerebral EEG (Stereo-EEG).

174 | Epileptologie 2018; 35

Phase 2

Two depth electrodes (“DE”) were implanted on
each side in the temporal lobes, each with several
contacts (Figure 2A, 5A). The hypothesis to be confirmed
by the phase 2 investigation was a seizure onset zone in
the left mesiotemporal lobe. Bitemporal implantation
was necessary to rule out seizure onsets in the right
temporal lobe (undetected by extracranial EEG) and to
measure the time of propagation from the left to right
temporal lobe, which is an important prognostic factor
in regard to post-surgical seizure control [6].
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Figure 3: Quantitative analysis of low amplitude fast oscillations (LAFOs).

(A) Intracranial EEG signal recorded at the 6th contact of the left anterior depth electrode (channel DE1-06) at seizure onset (40
seconds); LAFO are visible in the second half of the trace.

(B): JSPECT algorithm applied to this EEG channel; the algorithm quantifies the sustained oscillations at different frequencies
and different time windows. For this particular channel we observe a transitory appearance of oscillations at 20Hz (in yellow).
(C) JSPECT applied to all channels in order to identify which channels produce the most LAFOs.

0 30 &0 a0 120
time after visual sz. onset [s)

Figure 4: Quantitative analysis of non-linear signal interactions during the first seizure of phase 2. Channels exhibiting
extraordinarily high nonlinear interactions are shown in white, those within the normal range in black. Seizure onset is att =0
and termination at t = 120s.
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Figure 5: Neuroradiology

(A) Fusion of the computer tomogram during implantation of the electrodes with the postoperative MR, highlighting the
localization of each contact with respect to the resection area. The contacts on DE1 have been removed, the ones on DE3
not completely.

(B) Functional MRI (fMRI) used to identify the eloquent cortex. In a visual and verbal paradigm for syntax recognition, we
observed an involvement of the temporal lobe left, just posterior to the seizure onset zone.

(C) Spatial mapping of nonlinear signal interactions (Figure 4) onto the postoperative MRI. The channels with high nonlinear
interactions on DE3 have not been resected.

(All 3 figures with radiologic convention: the left hemisphere is represented on the right and vice-versa.)

Box 1: Nonlinear signal interactions in intracranial EEG

If signals recorded from different brain regions show similar dynamics, this may indicate a relationship
between these regions (exchange of information is needed to coordinate the firing of extended groups of
neurons). Signal interactions may be linear or nonlinear (see Epileptologie 2/2012). In the context of intracra-
nial EEG, Andrzejak et al. [13] found that focal EEG differed from non-focal EEG by higher stationarity, higher
non-randomness and higher nonlinear signal interaction. Pearson’s correlation coefficient is a powerful and
noise-robust measure for assessing linear relationships, but fails to detect certain kinds of nonlinear relation-
ships. In contrast, mutual information is a more general interrelation measure and sensitive to any kind of
signal relationships (linear and nonlinear).

To disentangle both kinds of signal interactions, Rummel et al. [14] introduced a framework using
linear and nonlinear interrelation measures together with different types of surrogate signals. Surrogates are
randomized signal copies that selectively conserve certain signal properties. This allowed to quantify linear
signal interaction in excess to random effects for a given power spectrum as well as nonlinear interaction in
excess to linear effects in a unified approach. In another paper by Rummel et al. [11] it was found that groups
of epilepsy surgery patients with good (Engel classes | and II) and unfavorable (Engel class IV) post-surgical
seizure control significantly differed in the extent of resected channels showing nonlinear signal interactions
(p=0.014).

The interictal stereo EEG revealed independent epi-  misphere (DE1), corresponding to the left lateral tem-
leptic spikes in the deeper contacts of both posterior  poral pole (Figure 2C), with rapid propagation into the
electrodes (DE3 and DE4), corresponding to the left hippocampus.
and right hippocampus (Figure 2B). In other words, we
found a bitemporal “irritative zone”. However, the irri-
tative zone often is spatially more extended than the
epileptogenic zone. The ictal recordings demonstra-
ted that the first EEG changes occurred in the lateral
contacts of the most anterior electrode on the left he-
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Quantitative EEG analysis

Low amplitude fast oscillations (LAFOs) at seizure
onset are one of the most reliable markers of the EZ [7].
One way to detect LAFOs is by visual inspection, for ins-
tance by setting a high-pass filter with a relatively high
cut-off (>5-10Hz) and to use high temporal resolution
(i.e. display only 2-5s per screen). In addition, one can
use quantitative methods such as frequency analysis.

Instead of using FFT (Fast Fourier Transform, a stan-
dard procedure used for frequency analysis) on the EEG
signal directly, we have been using an algorithm called
JSPECT [8]. In essence, with JSPECT two different trans-
formations are applied to the EEG signal before perfor-
ming the FFT. This procedure compensates for the lower
amplitude of LAFOs, and removes the broadband spec-
tral contamination due to epileptic spikes. An example
of such an analysis is shown in Figure 3. Note that the
smaller the neuronal-glial network generating the os-
cillation [9] and the closer the electrode, the faster the
recorded oscillations will be.

The peri-ictal intracranial EEG of our patient was
not only analysed to delineate channels with LAFOs,
but also to identify channels with significant nonlinear
interactions (see method description in Box 1). Figure
5 shows the temporal evolution of EEG channels exhi-
biting excess nonlinear signal interactions with other
brain regions. About 15 seconds after seizure onset,
the channels DE3-1 to DE3-4 located on the mesial part
of the posterior left depth electrode started to show

Box 2: Morphometric analysis

strong nonlinear interactions. Later on (about 60 se-
conds after seizure onset) excess nonlinear interactions
have propagated to the channels DE1-7 and DE1-8 loca-
ted on the lateral and temporo-polar part of the more
anterior left depth electrode.

Quantitative MRI analysis

To complement the visual analysis by neuroradio-
logists, the MRI was in addition evaluated statistically
(see method description in Box 2). The volume of the
left hippocampus was 4.9 * 0.2 ml, confirming enlarge-
ment compared to the age and sex adjusted expecta-
tion (3.6-4.3 ml, p = 0.001). However, also the right hip-
pocampus was enlarged (5.1 + 0.2 ml, expected 3.6-4.4
ml, p = 0.002). In consequence, hippocampal volumetry
did not contribute to lateralization.

By contrast, the cortical morphometry supported
lateralisation. It yielded extended alterations on both
hemispheres (see Figure 6A). The highest statistical si-
gnificance was obtained in the left temporal pole and
parahippocampal gyrus (p < 107). Further alterations
were detected in the bilateral precuneus and cingulate
gyrus, the left precentral and right postcentral gyrus,
the right superior frontal gyrus and the left rostral
middle-frontal gyrus. This pattern of widespread corti-
cal alterations was similar to the pattern of thickness
reductions that were recently found in patients with
left mesio-temporal epilepsy (Figure 6B). In contrast,

For morphometric analysis, the shape of the brain is expressed in terms of real numbers, which then en-
able statistical evaluation. For group comparison a variety of commercial or free morphometry software tool-
boxes are available. The largest morphometric group comparison so far was undertaken in epilepsy patients
with temporal lobe epilepsies and left mesio-temporal sclerosis (N = 415). It showed a cortical thickness re-
duction in the left temporal pole, parahippocampal, entorhinal and superior temporal gyrus as well as in the
bilateral superior frontal, precentral and paracentral gyrus and precuneus, compared to N = 1,727 healthy
controls (see Figure 6B). In contrast, in TLE patients with right mesio-temporal sclerosis (N = 339) cortical
thickness reductions were less extensive and confined to the bilateral precentral and paracentral gyrus.

Despite these important findings, current morphometry tools are not particularly suited for comparison
of an individual patient with a group of healthy controls. To close this gap, we have developed an automated
morphometric analysis pipeline and statistical evaluation concept for individual patients [15, 16]. In brief,
freely available software packages are used to calculate a multitude of regional morphometric parameters
from T1-weighted MRI (i.e. global and regional volumes of grey matter, white matter and cerebro-spinal fluid
as well as regional estimates of cortical thickness, cortical surface area, cortical curvature and cortical grey-
white contrast). These estimates are then statistically compared to a large anonymized database of healthy
controls, who have participated in earlier studies at our hospital (N = 422). In addition, asymmetry indices and
a regional summary classifier are calculated, the latter indicating where on the cortex any of the morphomet-
ric parameters deviate from the age and sex adjusted expectation.

Using a group of patients with temporal lobe epilepsies, we have recently shown that this automated
morphometric analysis concept in general yielded high accuracy (diagnostic odds ratio) when comparing re-
gions classified as statistical anomalies with the assessment by human experts [15].
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Figure 6: Morphometry

(A) Summary classifier of cortical anomalies in our patient.

(B) Group finding of cortical thickness reduction in temporal lobe epilepsy with left mesio-temporal sclerosis according to the
ENIGMA epilepsy study (reproduced with permission from [10]). Note the similarities of the pattern shown in both panels.
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Figure 7: Normalized nonlinearity fraction of random (histogram) and actual resections in 13 patients with Engel class | (red
diamonds) and 7 patients with Engel class IV (blue diamonds) [12]. A value of one indicates that the fraction is as large as
the average fraction removed under random resections. The values obtained for the patient studied in the present article are
indicated by arrows. According to the model, extending the resection to include tissue monitored by DE3-1 and DE3-2 would
dramatically increase the probability of a good outcome.
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patients with right mesio-temporal epilepsy have dif-
ferent and more localized characteristics [10].

Defining the resection area

In summary, the work-up indicated that the SOZ
was in the lateral part of the left anterior temporal
lobe, in a region closer to DE1 than to DE3. On the other
hand, interictal spikes were visible on the mesial part
of DE3, and the ictal activity (judged visually) propaga-
ted fast to these contacts. Moreover, the first increase
in non-linear interaction was visible on these contacts.
This raised the question of the posterior boundary of
the resection area. More specifically: Should (and could)
the brain area where DE3 was implanted be comple-
tely resected? And what about the left hippocampus?
Naturally, the more extensive the resection, the higher
the chances to remove the epileptogenic zone. On the
other hand, a larger resection area increases the risk of
neuropsychological deficits.

To help answer this essential question, a functional
MRI (fMRI) was performed. This examination confirmed
that in this patient, the language was located in the left
hemisphere. As shown in Figure 5B, the fMRI indicated
that part of the comprehension and syntactic function
of language was processed in a brain area correspon-
ding to the region where the external contacts of DE3
were located. In addition, other neuropsychological
tests showed that the function of the left hippocampus
(essential for verbal memory) was intact.

Because of his demanding professional activity,
the patient could not afford to suffer verbal memory
impairment or even aphasia. Therefore, the decision
was taken to remove the temporal pole as well as the
amygdala, but only the very anterior part of the hippo-
campus and temporal lobe (“temporal polectomy with
amygdalectomy and anterior hippocampectomy”). The
brain area corresponding to the lateral part monitored
by DE3 was not resected (Figure 5A).

Post operative assessment

Surgery was performed without complications
and histology showed subcortical gliosis and a few
ectopic neurons. Complete seizure control was not
achieved. However, the seizures occurred at a signifi-
cantly reduced rate, and were less intense than before
the surgery (corresponding to Engel class 3, “worth-
while improvement”). Moreover the seizures occurred
now mainly immediately before sleep onset. Despite
the restricted resection, the patient first had verbal me-
mory deficits, which almost completely resolved over
the course of the first year and did not impair his pro-
fessional activities.
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Our clinical assessment was corroborated by the
findings of quantitative EEG analysis. Figure 5C shows
a heat map of the nonlinear interaction effects. The
area corresponding to the location of the EEG channels
showing the largest nonlinear signal interactions (hip-
pocampus left) were not resected.

Interestingly, it was recently demonstrated that
the extent of resection of channels with large nonli-
near signal interactions can be used to discriminate
Engel class | (“complete seizure freedom”) from Engel
class IV (“no improvement”) [11], [12]. Figure 7 shows
a histogram of the normalized fraction of nonlinear
signal interactions that would be removed if resection
schemes were sampled randomly. The red and blue dia-
monds indicate the actual resections in class | and class
IV patients, respectively. The mean resected fraction of
nonlinear interactions was significantly larger in class |
patients than in class IV patients (p < 10 - [12]).

Adding the actually performed resection of our pa-
tient to this plot, the normalized fraction of resected
nonlinearities assumes a value of 3.4. If we designed a
hypothetical resection that included the actual resec-
tion and the two additional channels DE3-1 and DE3-2,
which also exhibited large nonlinear signal interaction
(see Fig. 4C), this value would increase to 8.5, sugges-
ting class | outcome (Figure 6). However, the risk of neu-
ropsychological deficits prohibited this more extensive
resection and the effect of it will thus remain specula-
tive.

Discussion

We have presented the case of a patient who un-
derwent pre-surgical investigations, and then epile-
psy surgery leading to improved seizure control. Even
though the patient was not completely seizure free,
this case is interesting for several reasons. First, it illus-
trates the use of several quantitative methods, which
we apply as complementary diagnostics to patients
with pharmacoresistent epilepsy. The non-invasive
technique of morphometric MRI analysis revealed a
pattern of statistical anomalies, highly suggestive for
left rather than right mesial temporal lobe epilepsy
(Figure 6). Such findings may in the future help to opti-
mize planning of invasive EEG in selected patients.

Intracranial EEG may also benefit from quantitative
analysis, either for a more precise characterisation of
visually detectable features (e.g. LAFOs), or for iden-
tifying properties of the signal that are not easily per-
ceived by visual inspection (e.g. the relative importance
of linear and nonlinear effects). We have also discussed
how the effect of various resection areas on EEG dyna-
mics can be simulated in advance (see also the article
by Miiller et al. in this issue).

Finally, the present case demonstrates that the
identification of the EZ is only one aspect of the pre-
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Ein Fall von limbischer Autoimmunenzephalitis mit seriellen Anfallen

Zusammenfassung

Die limbische Autoimmunenzephalitis ist oft-
mals von epileptischen Anfdllen begleitet und tritt als
paraneoplastisches Syndrom, aber auch rein als Au-
toimmunerkrankung ohne obligatorische Assoziation
mit einem Tumor auf. Die Diagnosestellung ist auf-
grund der Vielfalt der klinischen Primdrprasentation
schwierig und erfolgt haufig verzégert, was mit einem
schlechteren klinischen Outcome assoziiert sein kann.
Hinsichtlich der Therapie fehlen derzeit noch grossere
kontrollierte klinische Studien. Empfohlen wird eine
Immuntherapie und — sofern vorhanden und méglich
— eine Behandlung der assoziierten Tumorerkrankung.
Begleitende epileptische Anfdlle zeigen haufig ein un-
zureichendes Ansprechen auf anfallsunterdriickende
Medikamente. Wir prasentieren den Fall einer klassi-
schen paraneoplastischen limbischen Enzephalitis, die
sich mit schwierig zu therapierenden epileptischen An-
fallen manifestierte.

Epileptologie 2018; 35: 181 — 185

Schliisselworter: EEG, serielle Anfalle, Autoimmunen-
zephalitis, paraneoplastisches Syndrom, Anti-Hu-Anti-
korper, Anti-SOX-1-Antikorper

A case of autoimmune limbic encephalitis with
serial epileptic seizures

Autoimmune limbic encephalitis is often accom-
panied by epileptic seizures. It can occur as a paraneo-
plastic syndrome as well as an autoimmune disease
without associated tumour. Its diagnosis can be chal-
lenging due to the variety of clinical symptoms. This
often leads to a delayed begin of therapy, which can be
associated with an unfavourable outcome. In absence
of controlled clinical studies, treatment guidelines are
based on experts’ opinion and retrospective case se-
ries. The current therapy consists of immunotherapy
and — if required — treatment of the underlying tumour.
Concomitant epileptic seizures frequently show an in-
complete response to seizure suppressive drugs alone.
Here we present the case of a patient with classic para-
neoplastic limbic encephalitis, which manifested with
epileptic seizures that were difficult to treat.

Ein Fall von limbischer Autoimmunenzephalitis ... | R. Barth, F. Wagner, M. Hackenberg, F. Zubler

Rike Barth, Franca Wagner, Melanie Hackenberg und
Frédéric Zubler
Inselspital, Bern

Keywords: EEG, repetitive seizures, autoimmune en-
cephalitis, paraneoplastic syndrome, anti-Hu antibo-
dies, anti-SOX1 antibodies

Un cas d’encéphalite limbique autoimmune
associée a des crises sérielles

Lencéphalite limbique autoimmune est souvent
associée a des crises épileptiques. Elle peut étre d’ori-
gine paranéoplastique ou autoimmune sans associa-
tion tumorale. Le diagnostic peut étre difficile en raison
de la variété des présentations possibles, ce qui peut
retarder le début du traitement et péjorer le pronostic.
En I'absence de larges études controlées, les recom-
mandations concernant le traitement se fondent sur les
opinions d’experts et sur des séries rétrospectives. La
thérapie comporte un volet immunologique (cortisone
ou immunoglobulines) et — en cas de tumeur — une
prise en charge oncologique. Les crises ne répondent
que partiellement au traitement anti-épileptique. Nous
présentons ici un cas typique d’encéphalite limbique
paranéoplastique associée a des crises sérielles diffi-
ciles a controler.

Mots-clés : EEG, crises sérielles, encéphalite autoimmu-
ne, syndrome paranéoplastique, anticorps anti-HU, an-
ticorps anti-SOX-1

Klinische Prasentation

Die notfallmassige Zuweisung der bis anhin gesun-
den 51-jahrigen Patientin erfolgte aufgrund eines erst-
maligen sekundar generalisierten tonisch-klonischen
Anfalls. Bereits seit drei Tagen waren der Patientin ste-
reotype Episoden mit Schwindel, Nausea, okzipitalen
Kopfschmerzen sowie passagerer Desorientiertheit auf-
gefallen. Darliber hinaus bestanden keine korperlichen
Beschwerden, insbesondere Fieber, Nachtschweiss oder
Gewichtsverlust wurden verneint. Keine regelmassige
Medikamenteneinnahme, aktiver Tabakkonsum.

In der klinisch-neurologischen Untersuchung bei
Aufnahme fand sich eine leichte Aphasie bei ansonsten
normalen Befunden.
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Im initialen EEG auf der Notfallstation (Abb. 1)
zeigten sich links temporal periodische steile Signale
(lateralized periodic discharges, L-PDs [1]) mit rezidi-
vierenden epileptischen Anfdllen. Das MRI des Scha-
dels zeigte den in Abb. 2 dargestellten Befund. In der
MR-Angiographie der supraaortalen Gefasse fiel in der

miterfassten apikalen Lunge eine spikulierte nodula-
re, primar tumorsuspekte Raumforderung im rechten
Oberlappen auf. Im Labor fand sich eine leichte Hypo-
natridamie von 128 mmol/L (Referenz 136-145 mmol/L).
Die Lumbalpunktion zeigte eine isolierte Proteinerho-
hung von 0.55 g/L (Referenz 0.20-0.40 g/L).

Abbildung 1: Initiales EEG (bipolare Montage, 15 Sekunden). Initial links temporal periodische steile Signale um 1 Hz (L-PDs;
[1]), welche dann in eine monomorphe, rhythmische Theta-Aktivitdt um 5 Hz iibergehen. Dieses Muster zeigt sich wiederholt
wahrend der Ableitung, teilweise auch mit raumlicher Ausbreitung nach posterior und kontralateral.

Abbildung 2: MR Schddel; links: axiale T2w; rechts: koronare FLAIR mit Fettsaturation nach Kontrastmittelapplikation. Es zeigt
sich eine deutlich 6dematos aufgetriebene und hyperintens signalalterierte Hippokampusformation links ohne Enhancement
nach Kontrastapplikation. Das iibrige Hirnparenchym stellt sich unauffallig dar; nebenbefundlich zeigt sich ein Status nach

Enukleation links mit Bulbusprothese.

Epileptologie 2018; 35
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Therapie und Verlauf

Eine intravendse anfallsunterdriickende Therapie
mit Levetiracetam und Clonazepam wurde auf der Not-
fallstation begonnen. Bei Persistenz der epileptischen
Abldufe im Langzeit-EEG erfolgte einige Stunden spater
zusatzlich eine Aufsattigung mit Phenytoin. Bei hoch-
gradigem klinischem und radiologischem Verdacht auf
eine Autoimmunenzephalitis (a.e. paraneoplastisch
aufgrund der primar tumorsuspekten Raumforderung
im rechten Lungenoberlappen und der Hyponatria-
mie) wurde zusatzlich eine Kortison-Stosstherapie (1g
Methylprednisolon fiir 5 Tage) begonnen.

Die Differentialdiagnose einer viralen Enzephalitis
war aufgrund der normalen Zellzahl im Liquor nach
dreitagiger Symptomatik und des in seiner raumlichen
Ausbreitung begrenzten, nicht kontrastmittelanrei-
chernden MRI-Befundes zwar weniger wahrscheinlich,
jedoch initial nicht ausgeschlossen, weswegen prag-
matisch eine Therapie mit Aciclovir bis zum Erhalt einer
negativen Herpes-simplex-Virus -PCR begonnen wurde.

Die weitere Abklarung der Raumforderung mittels
CT-Thorax und Biopsie erbrachte die Diagnose eines

kleinzelligen Bronchialkarzinoms. Bei positiven An-
ti-Hu- und SOX-1 Antikorpern im Serum wurde die Dia-
gnose einer paraneoplastischen Enzephalitis bestatigt.
Die weiteren Antikorper fiir eine Autoimmunenzepha-
litis waren negativ.

Wahrend der ersten drei Tage zeigte sich trotz Aus-
bau der anfallsunterdriickenden Therapie (bis hin zu
einer passageren Fiinffach-Therapie mit Levetiracetam,
Phenytoin, Lacosamid, Topiramat und Clonazepam)
keine Befundverbesserung im Langzeit-EEG (Abb. 3A).
Klinisch dominierte eine Orientierungs- sowie Kurz-
zeitgedachtnisstérung. Nach Beginn einer zusatzlichen
intravendsen Immunglobulingabe verbesserte sich das
EEG-Muster zunehmend (Abb. 3B und C). Bei einer sich
zeitgleich einstellenden klinischen Verbesserung wurde
auf eine weitere Eskalation der anfallsunterdriickenden
Therapie mit therapeutischem Burst-Suppression ver-
zichtet.

Ein Verlaufs-EEG nach dem ersten Zyklus Chemo-
therapie zeigte den in Abb. 4 dargestellten Befund
ohne LPDs oder iktale Aktivitat, aber noch mit linkshe-
mispharischer Verlangsamung. Die anfallsunterdrii-
ckende Therapie konnte im Verlauf langsam reduziert

[
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Abbildung 3: Abschnitte der kontinuierlichen Ableitung (bitemporale Reihe, bipolare Ableitung, 15 Sekunden). Initial lateralized
periodic discharges (LPDs) links mit fokalem Anfall links temporal (A: erster Tag), im Verlauf v.a. im Schlaf weiterhin Strecken
rhythmischer Aktivitdt mit jedoch graduellem Verlust der LPDs und der Evolution (in Frequenz, Amplitude und raumlicher
Ausbreitung), so dass wir diese — auch in Zusammenschau mit der sich einstellenden klinischen Besserung — nicht mehr als

sicheres Anfallsdquivalent interpretierten (B: 3. Tag; C: 5. Tag).
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Abbildung 4: Bildausschnitt iiber 15 Sekunden, bipolare Montage. Leichte Aligemeinveranderung mit linkstemporalem
Verlangsamungsherd und intermittierend generalisierter rhythmischer Delta-Aktivitat (G-RDA; [1]).

werden, ohne dass es zu weiteren epileptischen Anfal-
len oder einer Verschlechterung im EEG kam.

Diskussion

Die Autoimmunenzephalitis ist eine immunvermit-
telte Erkrankung, die typischerweise die mesiotempo-
ralen (limbischen) Strukturen betrifft, es sind jedoch Lo-
kalisationen entlang der gesamten Neuroachse moglich.
Sie kann — wie im vorliegenden Fall — paraneoplastisch
bedingt sein und ist dann haufig mit den klassischen on-
koneuronalen, intrazellularen Antikorpern (z.B. Anti-Hu,
Anti-Yo, Anti-Ri-AK) vergesellschaftet.

Neben der paraneoplastischen Form der limbischen
Enzephalitis gibt es auch Erkrankungsformen, die rein
autoimmun ohne Assoziation mit einem Malignom auf-
treten oder nur in einem Teil der Falle mit einem Malig-
nom assoziiert sind. Diese Erkrankungsformen wurden
in den letzten Jahren als eine Ursache von neu auftre-
tenden Temporallappenepilepsien im Erwachsenenalter
identifiziert [2] und seit nun etwas mehr als einer De-
kade wurden verschiedene, liberwiegend extrazellulare
Antikorper gegen synaptische Rezeptoren, lonenkanale
und andere Zelloberflachenproteine charakterisiert, wel-
che mit diesen Erkrankungen verbunden sind [3]. Diese
extrazellularen Antikorper spielen in der Pathophysiolo-
gie der nur fakultativ paraneoplastischen Enzephalitiden
eine direkte Rolle, indem sie die Struktur und Funktion
des Zielproteins und/oder -rezeptors verandern und da-
mit zu einer reversiblen neuronalen Schadigung fiihren.

184 | Epileptologie 2018; 35

Gewisse Antikorper konnten mit einem charakteris-
tischen klinischen Bild (z.B. faziobrachiale dystone An-
falle bei der Enzephalitis mit LGI1-Antikorpern [4]) oder
charakteristischen Befunden der Zusatzuntersuchun-
gen (Hyponatridmie bei Enzephalitis mit LGI1-Antikor-
pern [4, 5], Delta-Brushes im EEG bei NMDA-Rezep-
tor-Enzephalitis [5]) in Verbindung gebracht werden.

Gemass einer britischen Multicenterstudie sind die
Autoimmunenzephalitiden mit Antikorpern gegen Zel-
loberflachenproteine fiir etwa 7% aller Enzephalitiden
(einschliesslich derer mit einer infektiésen Ursache)
verantwortlich [6]. Sie sind haufiger als die paraneo-
plastischen limbischen Enzephalitiden, betreffen alle
Altersgruppen und gehen hadufig mit einer Prodromal-
symptomatik (leichtes Fieber, Kopfschmerzen, Unwohl-
sein) einher. Epileptische Anfalle treten bei 88% der
Patienten mit einer Antikorper-vermittelten Enzepha-
litis auf (im Vergleich zu 52% bei allen Enzephalitiden
und beispielsweise 63% der Patienten mit einer Herpes-
enzephalitis). Weitere klinische Charakteristika sind Am-
nesie, Desorientiertheit und psychiatrische Symptome.

Kiirzlich wurden klinisch-radiologische Kriterien
erarbeitet, anhand derer eine definitive oder wahr-
scheinliche Autoimmunenzephalitis unabhangig von
ihrer Atiologie diagnostiziert werden kann [7]. Dies er-
moglicht einen raschen Therapiebeginn auch ohne Vor-
liegen der Resultate der Antikorperdiagnostik, was das
Outcome verbessern kann und die Tatsache berticksich-
tigt, dass bislang nicht alle Antikorper bekannt zu sein
scheinen (sog. Autoantikorper-negative Autoimmunen-
zephalitiden).
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Die aktuellen Therapieempfehlungen beruhen auf-
grund fehlender grosserer klinischer Studien auf Exper-
tenempfehlungen und retrospektiven Fallserien. Au-
toimmunenzephalitiden sollten unabhangig von einer
zugrundeliegenden paraneoplastischen Genese so friih
und so intensiv wie moglich mit einer Immuntherapie
behandelt werden (z.B. unmittelbarer Beginn einer
Kombination von Steroiden mit intravenésen Immun-
globulinen oder Plasmapherese und bei fehlendem
Erfolg ca. 3-5 Tage nach letzter Immunglobulingabe/
Plasmapherese Beginn mit z.B. Rituximab [8]). Bei einer
paraneoplastischen Atiologie der Enzephalitis, deren
Symptomatik in mehr als der Halfte der Fille der Dia-
gnose des Malignoms Wochen bis Monate vorausgeht,
ist zudem eine Suche und wenn mdglich Behandlung
des Primartumors entscheidend. Andere paraneoplas-
tische Manifestationen sollten kontrolliert und ggf.
behandelt werden — wie z.B. die im vorgestellten Fall
bestehende begleitende Hyponatriamie, welche haufig
mit einem kleinzelligen Bronchialkarzinom vergesell-
schaftet ist.

Epileptische Anfille, die haufig eines der ersten kli-
nischen Symptome darstellen, sollten ebenfalls aggres-
siv behandelt werden und bediirfen oft einer Kombina-
tion aus einer immunsuppressiven und anfallsunter-
driickenden Therapie. Bei Patienten mit hochfrequen-
ten epileptischen Anfdllen liber mehrere Tage lasst sich
haufig — wie auch im vorliegenden Fall — ein Kontinu-
um zwischen eindeutig epileptischer (Abb. 3A) versus
rhythmischer, jedoch nicht mehr als sicher epileptisch
zu wertender Aktivitat (Abb. 3B/C) finden. Das EEG und
die daraus resultierenden therapeutischen Entschei-
dungen sollten daher insbesondere bei Situationen mit
seriellen Anfallen liber einen langeren Zeitraum immer
im Gesamtkontext (klinischer Verlauf, bereits installier-
te Therapie, usw.) interpretiert werden.

Die Autoren danken Margitta Seeck, Stephan Riiegg
und Klaus Meyer fiir ihre wertvollen Kommentare.
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Ein frischer Look und ein Layout, das sich jeder Bildschirmgrosse

anpasst: Das sind die grossten Anderungen unserer neuen Web-
site. Neu sind auch die erweiterten FAQ, News auf der Homepage

sowie mehr Informationen auf Englisch.
Fur Fachpersonen gibt es einen eigenen Bereich unter dem Reiter

,Uber Epilepsie”. Ausserdem sind samtliche Ausgaben der ,Epilep-
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e Ligue Suisse
. e s o contre I'Epilepsie
epi.ch optimisé pour les PHEP

smartphones

Un look modernisé et une mise en page qui s'adapte a toutes les
tailles d’écran : telles sont les principales transformations sur notre
site Web remanié. Autres nouveauteés : 1a FAQ étendue, les actuali-
tés sur la page d’accueil et davantage d'informations en anglais.

Une partie dédi¢e aux spécialistes est disponible sous I'onglet « A
propos de I'épilepsie ». En outre, des mots-clés permettant d'aller
plus loin ont été associés a toutes les éditions d’« Epileptologie », :
afin de pouvoir trouver ces dernieres a l'aide de la fonction  m=— s
de recherche (pour les éditions 2012 et antérieures, veuillez i
passer sur la page en allemand, vous y trouverez également
des mots-clés francais).

[ e e L)

N’hésitez pas nous transmettre votre feedback a I'adresse S e s
info@epi.ch. Nous serons ravis de vous lire |

Absender | in

Vorname | Name Bitte
frankieren

Beruf | Funktion

Strasse | Nummer

PLZ | Ort

Telefon Schweizerische Epilepsie-Liga

Seefeldstrasse 84
8008 Zurich
E-Mail Schweiz




Informations de la Ligue contre I’Epilepsie

Prix d‘encouragement de la recherche

Promotion de la recherche scientifique dans le do-
maine de |‘épilepsie (surtout sous forme d‘aide initiale)
par la Ligue Suisse contre I‘Epilepsie (Ligue contre I‘Epi-
lepsie)

La Ligue contre |‘Epilepsie soutient les projets scien-
tifiques dans le domaine de I‘épileptologie par un mon-
tant total de

CHF 25‘000.—

par an, la priorité étant accordée aux projets cher-
chant a élucider les causes et a mettre au point des trai-
tements de Iépilepsie.

Aucune bourse ne sera octroyée pour la formation
de base ou continue ou pour des séjours a |‘étranger.
En revanche, la prise en charge de frais de voyage et
de séjour (sans salaire) est possible pour les séjours
de courte durée (quelques semaines au maximum)
lorsque ces séjours servent a apprendre des méthodes
appliquées dans le cadre d‘un projet bénéficiant de
soutien en Suisse.

Si le requérant a déja fait une demande de soutien
ailleurs, il faut nous en informer en spécifiant ou et
avec quel résultat.

Délai de remise des demandes :
31 décembre 2018

Les demandes sont a adresser par voie électronique a
info@epi.ch.

Voir instructions : www.epi.ch/soutien_recherche

Ligue Suisse contre |‘Epilepsie
Seefeldstrasse 84

8008 Zurich

Tél. 043 488 67 77

Fax 043 488 67 78
info@epi.ch

Prix de la meilleure thése

La Ligue Suisse contre I‘Epilepsie décerne tous les 3 ans
un prix d‘'un montant de

CHF 1000.-

pour la meilleure thése de doctorat a une université
suisse dans le domaine de |‘épileptologie.
Candidatures sont possibles jusqu’au

31 décembre 2018

Informations ultérieures : www.epi.ch/these

Prix Alfred Hauptmann

Le prix Alfred Hauptmann, un prix conjoint de la
Ligue Suisse contre I'Epilepsie avec les Sociétés alle-
mande et autrichienne d’Epileptologie, récompense le
meilleur travail scientifique de I'espace germanophone
dans le domaine de I'épileptologie expérimentale et cli-
nique. Il est doté de

10’000 euros

et est décerné tous les deux ans. Les 10’000 euros
dont il est doté proviennent de la société UCB.

Le Prix Alfred Hauptmann doit son nom au neuro-
logue et psychiatre allemand éponyme (29.8.1881 —
5.4.1948). Il a découvert I'effet anticonvulsivant du phé-
nobarbital en 1912 et di quitter 'Allemagne en 1939
en raison de ses origines juives.

Informations complémentaires :
www.epi.ch/prix-hauptmann
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2019

20.-22.2.2019 | Gothenburg, Sweden

Seizures and Stroke 2019: 1st international congress
on epilepsy in cerebrovascular disease
seizuresandstroke.com

25.-28.3.2019 | Cambridge, UK
EEG in the First Year of Life — from newborn to toddler
www.ilae.org/congresses/eeg-in-the-first-year-of-life

7.-9.4.2019 | London, UK

London-Innsbruck Colloquium on Status Epilepticus
and Acute Seizures

www.statusepilepticus.eu

4.-11.5.2019 | Philadelphia, PA, USA

71st American Academy of Neurology (AAN) Annual
Meeting 2019
www.aan.com/conferences/annual-meeting

8.-11.5.2019 | Basel

11. Jahrestagung der Schweizerischen Epilepsie-Liga
und der Deutschen und Osterreichischen
Gesellschaften fiir Epileptologie (,,Dreilindertagung”)
www.epilepsie-tagung.de

22.-26.6.2019 | Bangkok, Thailand

33. Internationaler Epilepsie-Kongress (IEC)
www.epilepsybangkok2019.org

Epileptologie 2018; 35

6.-7.9.2019 | Lausanne

2nd International Congress on Mobile Devices and
Seizure Detection in Epilepsy
www.mhsdepilepsy2019.com

23.-25.10.2019 | Lausanne, EPFL-STCC

4th SFCNS Congress 2019

Swiss Federation of Clinical Neuro-Societies
sfcns2019.congress-imk.ch

2020

25.4.-2.5.2020 | Toronto, Ontario, Canada

72nd American Academy of Neurology (AAN) Annual
Meeting 2020
www.aan.com/conferences/annual-meeting

4.-8.Juli 2020 | Geneve
14th European Congress on Epileptology
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3/2018
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181
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11
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181
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CGH array (Comparative Genomic Hybridization) 11
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Chirurgie épileptique 22,152,171
Chronobiologie 156,157
Chronobiology 156
Circadian rhythm 156
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Crises dissociatives 3/2018
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Dysplasie corticale focale 29
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Schweizerische
e Epilepsie-Liga

Epilepsie und Sch ¢
e ‘:f,l:::n'“r Sche

ia-Lipa

Epilepsie und Schlaf

Jeder dritte Epilepsiebetroffene leidet unter Schlafstorungen,
nicht nur durch nachtliche Anfalle. Guter Schlaf tragt wesentlich ’nfo
zum Wohlbefinden bei, deshalb gehort das Thema unbedingt e
zum ,Epilepsiemanagement”.

Unser neuer Informationsflyer fasst die wichtigsten Aspekte rund
um Schlaf und Epilepsie fur Betroffene zusammen und gibt Tipps,
um besser schlafen zu konnen.

Epilepsie und Schja¢

Der Flyer [asst sich auf Deutsch, Franzosisch und Italienisch
downloaden oder bestellen.

Ligue Suisse
e contre I’Epilepsie

Epilepsie et sommeil

joue Suisse
e Lc‘gntre\’Ep\\epS\e

Ep'\\epsie et sommeil

Info

Epi\epsie

Une personne atteinte d'épilepsie sur trois souffre de
troubles du sommeil, qui ne sont pas toujours dus a des
crises nocturnes. Un bon sommeil est essentiel pour le
bien-étre, c’'est pourquoi ce sujet doit impérativement faire
partie de la « gestion de I'épilepsie ».

Notre nouveau dépliant d'information résume les aspects
les plus importants du sommeil et de I'épilepsie pour les

- personnes affectées et propose des conseils pour mieux
;p\\EPS‘e etsommel dormir.

Il peut étre téléchargé ou commandé en allemand,
francais et italien.
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VIMPAT

Lacosamid

MEHR IST MOGLICH

VIMPAT"
Zugelassen zur Monotherapie

VIMPAT" ist als Monotherapie und Zusatztherapie zur Behandlung von fokalen Anfallen
mit oder ohne sekundire Generalisierung bei Epilepsiepatienten im Alter von 18 Jahren
oder alter indiziert.'

Referenzen: 1 VIMPAT® Fachinformation, Stand Februar 2018, www.swissmedicinfo.ch

Kurzfachinformation VIMPAT®-Filmtabletten, -Sirup und -Infusionslésung. Lacosamid. I: Monotherapie und Zusatztherapie zur Behandlung von fokalen Anféllen mit
oder ohne sekundére Generalisierung bei Epilepsiepatienten ab 18 Jahren. D: Zu Behandlungsbeginn wird eine Dosis von 50 mg zweimal téglich empfohlen, die nach einer Woche
auf eine therapeutische Initialdosis von 100 mg zweimal taglich erhdht werden sollte. Die Tagesdosis wird aufgeteilt in zwei gleiche Dosen. Wéchentliche Dosiserhéhung in Schritten
von 100 mg/Tag. Therapeutische Dosis: 200-600 mg/Tag. Maximaldosis Monotherapie: 600 mg/Tag, Maximaldosis Zusatztherapie: 400 mg/Tag. Infusionslsung: Verabreichung
zweimal téglich Gber einen Zeitraum von 15 - 60 Minuten, kann ohne weitere Verdiinnung intravenés verabreicht werden. Umstellung von intravends auf oral oder umgekehrt kann direkt
und ohne Dosisanpassung erfolgen. Die Behandlung mit Lacosamid kann auch mit einer einzelnen Aufséttigungsdosis von 200 mg begonnen und ungeféhr 12 Stunden spéter mit
zweimal taglich 100 mg (200 mg/Tag) als Erhaltungsdosis fortgefihrt werden. Bei Patienten mit schwerer Nierenfunktionsstérung (Clc, <30 ml/min) oder mit einer Nierenerkrankung im
Endstadium wird eine maximale Erhaltungsdosis von 250 mg/ Tag empfohlen. KI: Uberempfindlichkeit gegeniber Lacosamid oder einem Hilfsstoff. Bekannter AV-Block 2. oder 3. Grades.
VM: Wegen Aufireten von Schwindelgefihl und Koordinationsstérungen kann Haufigkeit von unbeabsichtigten Verletzungen und Stirzen erhdht sein. Beim Absetzen wird die
schrittweise Reduktion der Tagesdosis empfohlen (200 mg/Woche). Auf die Teilnahme am Strassenverkehr und die Arbeit mit schweren Maschinen sollte verzichtet werden.
Verldngerung des PR-Intervalls: Vorsicht bei Patienten mit Stérungen der Erregungsleitung oder schwerer Herzerkrankung in der Anamnese, insbesondere in Kombination mit anderem
PR-verléngerndem Arzneimittel. Bei Verschlechterung der Stimmung und/oder bei sozialem Riickzug und/oder dem Auftreten von depressiven Symptomen und /oder gereiztem bis
feindseligem Verhalten bzw. auch anderen Verdnderungen des Verhaltens bzw. der Persénlichkeit, insbesondere aber bei der Ausserung von suizidalen Gedanken sollte sofort ein Arzt
oder eine Arztin kontaktiert werden. Uberempfindlichkeitsreaktionen mit Multiorgan-Beteiligung (Drug Reaction with Eosinophilia and Systemic Symptoms DRESS) wurden bei Patienten
unter einigen Antiepileptika beobachtet. Lacosamid ist mit besonderer Vorsicht bei Patienten anzuwenden, die mit anderen Arzneimitteln behandelt werden, die bekanntermassen
mit einer Verldngerung des PR-Intervalls assoziiert sind (z.B. Carbamazepin, Lamotrigin, Pregabalin) und bei Patienten, die mit Klasse-I-Antiarrhythmika behandelt werden.
1A: Keine bekannten klinisch relevanten pharmakokinetischen Interaktionen. UW: Sehr haufig: Schwindel, Kopfschmerzen. Packungen: Filmtabletten: 50 mg: 14*; 100 mg: 14*, 56*, 168%;
150 mg: 14*, 56*, 168*; 200 mg: 14*, 56*, 168*. Sirup: (10 mg/ml): 200 ml*. Infusionsldsung (200 mg/20 ml): 20 ml. Abgabekategorie B. * Kassenzuldssig (Limitatio: Monotherapie und
Zusatztherapie zur Behandlung von fokalen Anféllen mit oder ohne sekundédre Generalisierung bei Epilepsiepatienten im Alter von 18 Jahren oder dlter). Detaillierte Informationen
entnehmen Sie bitte der Arzneimittelinformation der Schweiz (www.swissmedicinfo.ch) Stand Februar 2018. Ein Originalpréparat von UCB-Pharma AG, 1630 Bulle. Tel. +41 58 822 31 80.
© UCB-Pharma AG, Version Okt. 2018 All rights reserved.
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