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WELCOME

Dear colleagues and friends,

We are very pleased to welcome you at the Innsbruck Colloquium on Status epilepticus 2009. 

The conference was made possible by an enormous effort of many people, and we are grateful 

to the Scientific Committee and the distinguished faculty for participating actively in the confe-

rence. The Innsbruck Colloquium on Status Epilepticus is held under the patronage of the CEA of 

the ILAE, the Austrian Chapter of the ILAE, the Medical University Innsbruck and the University 

College of London.

Status epilepticus ist one of the most common neurological emergencies and even today, tonic-

clonic status epilepticus carries a mortality of approximately 20 % and a serious risk of cere-

bral damage amongst survivors. Although tonic-clonic status has been recognised as early as 

2,500 years ago, it was 1825, when Calmeil introduced the term "état de mal", which was the 

expression of the patients at the Salpetrière in Paris, for this complication of epilepsy. The first 

documented case of an absence status seems to be described on an ex voto table in 1501 in 

Austria (Wolf et al., Epilepsia 2007).

We hope that stimulating new ideas will come out of the vivid discussions on controversial topics. 

The conference is intended to give a state of the art-overview on current basic research in status 

epilepticus, new treatment options and to give a health science perspective in order to improve 

treatment and outcome of patients with this devastating condition. This conference follows in di-

rect lineage the London Colloquium on Status epilepticus , and both these recent colloaquia build 

on the traditions of the Marseilles Colloquium held in 1962 and the two Santa Monica meetings 

on this topic held in 1980 und 1997. 

We wish you a stimulating and interesting conference in this wonderful city in the heart of the 

Alps and hope that you enjoy not only the scientific content of the conference, but also the very 

scenic and cultural and historically interesting places in and around Innsbruck.

We wish you a pleasant stay during these days, a successful and stimulating conference, and last, 

but not least, an enjoyable and unforgettable experience in Innsbruck. 

Eugen Trinka Iris Unterberger Simon D. Shorvon

Chair of the Conference Local Organising Committee Chair of the Conference
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GENERAL INFORMATION

Congress Venue

The meeting venue is "Congress Innsbruck", a state-of-the-art convention centre that has won 

the worldwide AIPC Apex Award "best congress centre 2001". It is located adjacent to the Old 

Town, i.e. in walking distance to most attractions, museums, and hotels.

Congress Innsbruck

Rennweg 3

A-6020 Innsbruck

www.come-innsbruck.at

Registration desk at the Congress Innsbruck

The registration desk will be located on the ground floor of the Congress Innsbruck. Opening 

hours are as follows:

Wednesday, 1 April 16:00 – 18:00 

Thursday, 2 April 08:00 – 18:00

Friday, 3 April 07:45 – 18:00

Saturday, 4 April 08:30 – 18:00

Sunday, 5 April  08:30 – 13:00

On site registration fees

Regular fee e 480,00

Junior fee (under 35 years) e 380,00

Internet access

There is unlimited wireless LAN access at Congress Innsbruck.

kindly sponsored by sanofi-aventis  

Certificate of attendance

All registered delegates receive a certificate of attendance.

CME Accreditation

Europe

The organisers have applied for accreditation of the colloquium with the subcommittee for Conti-

nuing Education of the European Union of Medical Specialists (UEMS) to grant CME credits. 

Austria

Participation in the Colloquium will be honoured with 18 DFP-credits (6 per day) for Neurology 

resp. 3 DFP-credits for Paediatrics towards the diploma for further education of the Austrian 

Medical Association (Fortbildungsdiplom der ÖAK).
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Switzerland

The Committee for Further Education of the Swiss Association for Neurology (Fortbildungskom-

mission der Schweizerischen Neurologischen Gesellschaft) grants 22.5 credits for Neurology 

(7.5 per day) for participation in the Colloquium.

Germany

German participants have to apply for accreditation with their respective medical association 

(Ärztekammer).

Trade exhibition

Within the scope of the Innsbruck Colloquium on Status Epilepticus, a trade exhibition of phar-

maceutical companies, manufacturers of medical equipment and publishers is held next to the 

plenary room.

Coffee breaks and refreshments 

Coffee and tea will be served during the official coffee breaks. Outside these official coffee 

breaks, refreshments are available from cash bars in the Congress Innsbruck.

City transportation

There is a good public transport system in Innsbruck and its surroundings. Most buses operate 

until midnight. Detailed information on bus schedules is available at your hotel or at the confe-

rence centre. Tickets can be pre-purchased from tobacconists or directly in the buses.

Parking

There is an underground car park at the Congress Centre. Participants obtain tickets at reduced 

rates from the doorman’s booth. Please note that these reduced fares only apply to the Congress 

Garage and not to the adjacent CityGarage parking facilities.

Street parking in the city is available but limited to 90 minutes (indicated by a blue line). Tickets 

have to be purchased from a blue parking meter, where the appropriate fees are indicated.

Currency

The official currency is the EURO (e). Major credit cards are accepted in many hotels, shops and 

restaurants. Automatic teller machines (ATMs) are also available throughout the city.

Name badges

All registered participants receive a name badge together with their registration documents. 

Please make sure to wear your badge at all times while attending the meeting, exhibition and 

social events.

Liability and insurance

Neither the organisers, nor the congress secretariat or other suppliers accept liability for any 

injury, loss or damage, arising from accidents or other situations during, or as a consequence of 

the congress. Kindly check your personal insurance.
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Committees

Scientific Committee

Chair
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Simon SHORVON, London, United Kingdom

Committee

Frederick ANDERMANN, Montreal, Canada

Alexis ARZIMANOGLOU, Paris, France

Michel BAULAC, Paris, France

Christoph BAUMGARTNER, Vienna, Austria

Meir BIALER, Jerusalem, Israel

Hannah COCK, London, United Kingdom

Athanasios COVANIS, Athens, Greece

Helen CROSS, London, United Kingdom  

Wolfgang LÖSCHER, Hannover, Germany

Dan LOWENSTEIN, San Francisco, USA

Solomon MOSHE, New York, USA

Cigdem ÖZKARA, Istanbul, Turkey

Emilio PERUCCA, Pavia, Italy

Felix ROSENOW, Marburg, Germany 

Elyse SCHAUWECKER, Los Angeles, USA 

Erich SCHMUTZHARD, Innsbruck, Austria 

Roger SIMON,  Portland, USA 

Günther SPERK, Innsbruck, Austria

Matthew WALKER, London, United Kingdom

Claude WASTERLAIN, Los Angeles, USA

Local Organising Committee

Chair:

Iris UNTERBERGER, Medical University Innsbruck, Austria

Committee:

Gregor BRÖSSNER, Medical University Innsbruck, Austria

Judith DOBESBERGER, Medical University Innsbruck, Austria 

Michael SPIEGEL, Medical University Innsbruck, Austria
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pco tyrol congress 
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Scientific Programme

Thursday, 2 April, 2009

09:00-09:30 Opening 
 Werner Poewe, Director  
 Department Neurology and Neurosurgery (Innsbruck, Austria)

09:30-12:15 Basic and clinical neurophysiology I
 Chair:  Jerome Engel (Los Angeles, USA) 

Daniel Lowenstein (San Francisco, USA)

09:30-10:15 Endogenous neuroprotective mechanisms in the human brain
 Roger Simon (Portland, USA)

10:15-10:45  Basic physiology of limbic SE
 Matthew Walker (London, United Kingdom)

10:45-11:15  Physiology of EPC and subcortical mechanisms of SE
 Renzo Guerrini (Florence, Italy)

11:15-11:45 Coffee break

11:45-12:15  Hypothermia, hyperthermia and other systemic factors in SE
 Thomas Bleck (Chicago, USA)

12:15-14:00 Lunch and poster session 1

P01
Changes in cerebral P-glycoprotein function following status epilepticus in rats quantified by an 
improved method to measure brain uptake of(R)-[11C]-verapamil
Jens P. Bankstahl, Claudia Kuntner, Marion Bankstahl, Thomas Wanek, Johann Stanek, Markus Müller, 
Oliver Langer, Wolfgang Löscher (Hannover, Germany)

P02
Epidemiological characteristics and predictors of outcome in pediatric status epilepticus
Verónica Cantarín-Extremera, Juan-José García-Peñas, Juan Casado-Flores, Mari-Luz Ruiz-Falcó,  
Luis G Gutiérrez-Solana, Anna Duat-Rodríguez, Laura López-Marín, Julián Lara-Herguedas (Madrid, Spain)

P03
4-methyloctanoic acid is an effective compound in the treatment of an animal model of status 
epilepticus
Pishan Chang, Matthew Walker (London, UK)

P04
Upregulation of P-glycoprotein (ABCB1) function in Peripheral Blood Mononuclear Cells 
with Epilepsy Patients
Kon Chu, Jae-Sung Lim, Keun-Hwa Jung, Dae-Jong Jeon, Kyung-Il Park, Sang Kun Lee (Seoul, South Korea)

P05
Permissive Role of Cortical Dysplasia on the Epileptogenesis following Prolonged Febrile Seizure
Kon Chu, Kyung-Il Park, Keun-Hwa Jung, Dae-Jong Jeon, Sang Kun Lee (Seoul, South Korea)

P06
Ketamine Combined with Atropine for the Delayed Medical Treatment of Soman-Induced Status 
Epilepticus
Frederic Dorandeu, Pierre Carpentier, Franck Dhote, Valerie Baille, Guy Testylier, Claire Beaup, Annie Foquin, 
Guy Lallement (La Tronche Cedex, France)
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P07
Plastic changes in parahippocampal regions of the rat after kainic acid-induced epilepsy
Meinrad Drexel, Günther Sperk (Innsbruck, Austria)

P08
Neonatal status epilepticus resulting in unilateral hippocampal sclerosis and temporal lobe epilepsy
Mark Dunleavy, Sachiko Shinoda, Clara Schindler, Claire Ewart, Ross Dolan, David Henshall (Dublin, Ireland)

P09
Pilocarpine-induced status epilepticus triggers angiogenesis in adult rat hippocampus
Xavier Ekolle Ndode Ekane, Jari Nissinen, Asla Pitkäinen (Kuopio, Finland)

P10
Reduced hippocampal injury and epileptogenesis after status epilepticus in mice lacking 
the pro-apoptotic BH3-only protein Puma
Tobias Engel, Brona Murphy, Genshin Mouri, Seiji Hatazaki, Eva Jimenez, Ina Woods, Jochen Prehn, 
David Henshall (Dublin, Ireland)

P11
Alterations in Blood-Brain Barrier Integrity in Pentilenetetrazole-Kindled Rats with Cortical Dysplasia
Candan Gurses, Mehmet Kaya, Rivaze Kalayci, Nadir Arican, Bulent Ahishali, Oguzhan Ekizoglu, Imdat Elmas, 
Mutlu Kucuk, Duran Ustek, Bilge Bilgic, Gonul Kemikler (Istanbul, Turkey)

P12
Aggressive behaviors in the lithium-pilocarpine rat models of temporal lobe epilepsy: 
Resident-Intruder Test
Dae-Jong Jeon, Eun-Gee Bae, Keun-Hwa Jung, Kon Chu, Sang Kun Lee (Seoul, South Korea)

P13
Status epilepticus at infancy and early childhood
Alexey Kholin (Moscow, Russia)

P14
Febrile infection responsive encephalopathy of school-age (FIRES) with unexpected favorable 
evolution
Christian Korff, Joël Fluss, Nathalie Valenza, Sophie Déglise, Anne-Chantal Héritier-Barras, Fabienne Picard, 
Solène Ferey, Jacqueline Delavelle, Peter Rimensberger, Eliane Roulet Perez, Marc Tardieu, Olivier Dulac, 
Caroline Menache (Geneva, Switzerland)

P15
Effects of 2-chloroadenosine on lithium-pilocarpine status epilepticus elicited in immature rats
Hana Kubová, Markéta Škutová, PavelMareš (Prague, Czech Republic)

P16
The influence of CDP-choline on bicuculline-evoked seizure susceptibility in hyper- and 
normoglycemic mice exposed to Levin’s model of oligemia/hypoxia
Konrad Rejdak, Pawel Grieb, Zbigniew Stelmasiak (Lublin, Poland)

P17
Subtle Signs of Different Manifestations of Non-convulsive Status Epilepticus: Diagnostic and 
Prognostic Challenges
Radmila Sujic, M. Miladinovic, J. Lkonomovski, D. Vranjes, B. Cvetkovic, V. Nikolic, J. Malovic, S. Kostic,  
A. Stanic (Belgrade, Serbia)

P18
Intravenous Levetiracetam in the Treatment of Status Epilepticus
Rute Teotónio, Conceição Bento, Francisco Sales (Coimbra, Portugal)
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P19
Febrile infection responsive epileptic (FIRE) encephalopathy in children: Anon-encephalitic cause of 
status epilepticus
Andreas van Baalen, Rainer Boor, MartinHäusler, Ulrich Stephani, Gerhard Kluger (Kiel, Germany)

P20
Experimental study on the protein expression of NMDAR2B and ERK1/2 in hippocampus of epilepsy 
rats induced by kainic acid
Zan W, JUN Fu, Shuisheng Wu, Weihong Lin (Chang Chun, P.R.China)

P21
Experimental study on the protein expression of Erk1/2 in hippocampus andmyocardium of epilepsy 
rats induced by kainic acid
Zan Wang, Shuisheng Wu (Chang Chun, P.R.China)

P22
Acute and long-term effects of lacosamide in an animal model of status epilepticus
Claude G. Wasterlain, Thomas Stoehr (West Los Angeles, USA)

P23
The Ketogenic Diet (K.D.)
Adel Mahmoud (Riyadh, Saudi-Arabia)

P24
Prospective Study of Seizure Occurrence and Utility of EEG Monitoring in Critically Ill Children:  
An Interim Analysis
Nicholas Abend, Alexis Topjian, Maureen Donnelly, Vinay Nadkarni, Dennis Dlugos (Philadelphia, USA)

P25
Stroke as a cause of Status Epilepticus in a hospital based database
Nazire Afsar, Kadriye Agan, Ipek Midi, Gulin Sunter, Sevinc Aktan, Canan Aykut-Bingol (Istanbul, Turkey)

P26
Use of intravenous levetiracetam in the treatment of status epilepticus 
Maria Aiguabella, Vicente Villanueva, Pilar de la Peña, Albert Molins, Merce Falip, Irene Garcia Morales,  
Rosa Ana Saiz, Julio Pardo, Diego Tortosa, Gemma Sansa, Misericordia Veciana (Barcelona, Spain)

P27
Visual Aura
Tiberius-Razvan Alecu (Ploiesti, Romania)

P28
Use of the Internet to facilitate drug trials in Status Epilepticus
Peter Bergin, Tony Ip, Robert Sheehan (Auckland, New Zealand)

P29
Etiology, treatment and predictors of outcome in status epilepticus (SE) in an Austrian central hospital
Georg Caravias, Franz Gruber, Hannelore Trägner, Milan Vosko, Gerhard Ransmayr (Linz, Austria)

P30
Frontal Lobe Epilepsy May Present as Myoclonic Seizure
Yong Won Cho, Sang Doe Yi, Won Chul Shin, Ji Young Jung, Gholam K. Motamedi (Daegu, Korea (South))

P31
Clinical case of unprovoked status epilepticus after long term compensation
Andriy Dubenko (Kharkiv, Ukraine)

P32
Factors determining the outcome of status epilepticus
Berend Feddersen, Marion Einhellig, Jan Rémi, Soheyl Noachtar (Munich, Germany)
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P33
Ambulatory and comatose forms of non-convulsive status epilepticus in adults:Clinical, EEG  
and neuroimaging features and treatment of 50 consecutive patients
José L. Fernández-Torre, Mariano Rebollo, Agustín Gutiérrez, Marián Martínez-Martínez, Francisco Casariego-
Pola (Santander, Spain)

P34
A multicenter, open-label trial to assess the safety and tolerability of a single intravenous loading dose 
of lacosamide followed by oral maintenance asadjunctive therapy in subjects with partial-onset seizu-
res: an interim report
Nathan B. Fountain, Gregory Krauss, Jouko Isojarvi, Deanne Dilley, Pamela Doty (Charlottesville, USA)

P35
Evaluation of Seizure Freedom and 75% Responder Rates with Lacosamide in Subjects with Partial-
Onset Seizures in Phase II/III Clinical Trials
Jacqueline French, Martin Brodie, David Hebert, Jouko Isojarvi, Pamela Doty (Philadelphia, USA)

14:00-17:00  Basic and clinical neurophysiology II
 Chair:  Gerhard Bauer (Innsbruck, Austria)  

Asla Pitkänen (Kuopio, Finland) 

14:00-14:30  Experimental SE in animals; what are we modeling?
Robert Sloviter (Tucson, USA)

14:30-15:00  Canine SE: proof of principle studies
Ilo Leppik (Minneapolis, USA)

15:00-15:30  Molecular basis of self-sustaining seizures and pharmacoresistance during 
 SE: the receptor trafficking hypothesis revisited

Claude G. Wasterlain (Los Angeles, USA)

15:30-16:00 Coffee break

16:00-16:30 Molecular mechanisms of drug resistance in SE
Wolfgang Löscher (Hannover, Germany)

16:30-17:00 The genetics of SE
Elyse Schauwecker (Los Angeles, USA)

17:00-18:00 Panel discussion
 Gerhard Bauer (Innsbruck, Austria)
 Jerome Engel (Los Angeles, USA)
 Daniel Lowenstein (San Francisco, USA)
 Asla Pitkänen (Kuopio, Finland)
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Friday, 3 April, 2009

08:30-10:45 SE in the developing brain
 Chair:  Martha Feucht (Vienna, Austria) 

Athanasios Covanis (Athens, Greece)

08:30-09:00 Why is the developing brain more susceptible to SE?
Solomon Moshé (New York, USA)

09:00-09:30 Long-term effects of febrile SE: what animal models can tell us
Antoine Depaulis (Grenoble, France)

09:30-10:15  Neuronal plasticity in animal models and the epileptic human hippocampus
Günther Sperk (Innsbruck, Austria)

10:15-10:45  SE in the developing brain: long term effects seen in humans
Rod Scott (London, United Kingdom)

10:45-11:15 Coffee break

11:15-12:15 EEG in the emergency treatment of SE
 Chair:  Christoph Baumgartner (Vienna, Austria) 

Peter Kaplan (Baltimore, USA)

11:15-11:45 How useful is EEG and EEG monitoring in the acutely ill and how to interpret it?
Richard P. Brenner (Pittsburgh, USA)

11:45-12:15 Basic physiology of burst suppression
Florin Amzica (Montreal, Canada)

12:15-14:00 Lunch and poster session 2

 P36
Efficacy and safety of Intravenous Levetiracetam in children with Refractory Status Epilepticus and 
Acute Repetitive Seizures

  Juan-José García-Peñas, Verónica Cantarín-Extremera, Julián Lara-Herguedas, Laura López-Marín,  
Anna Duat-Rodríguez, Luis G Gutiérrez-Solana, Mari-Luz Ruiz-Falcó, María Rodrigo, Manuel Leite-Cruzeiro,  
Nuria Gutiérrez (Madrid, Spain)

 P37
Perivenous encephalomyelitis as rare cause of status epilepticus

 Dimitri Hemelsoet, Frederik Vanhee, Caroline Van Den Broecke, Martin Lammens, Paul Boon (Ghent, Belgium)

 P38
Clinico-electrographic variants of absence status epilepticus

 Vladimir Karlov (Moscow, Russia)

 P39
Intravenous Lacosamide as treatment for status epilepticus

 Christoph Kellinghaus, Sascha Berning (Osnabrueck, Germany)

 P40
Seizure characteristics of Dravet syndrome

 Alexey Kholin (Moscow, Russia)
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 P41
Clinical Characteristics and Prognosis in Patients with Status Epilepticus

 Dong Wook Kim, Kon Chu, Sang Kun Lee (Seoul, South Korea)

 P42
Safety, tolerability, and pharmacokinetic parameters of 30-, 15-, and 10-minuteintravenous lacosamide 
infusions as short-term replacement therapy in subjects with partial-onset seizures

  Gregory Krauss, Elinor Ben-Menachem, Ruta Mameniskiene, Nerija Vaiciene, Martin Johnson, Melissa Brock,  
Jouko Isojarvi (Baltimore, USA)

 P43
Anesthetic agents in the treatment of refractory status epilepticus in children

 Ruzica Kravljanac, Milena Djuric, Nebojsa Jovic, Bozidar Miomanovic, Ljubica Nikolic (Belgrade, Serbia)

 P44
Status epilepticus in NMDA receptor antibody encephalitis

  Dimitri Kullmann, Gerard Davies, Sarosh Irani, Cordelia Coltart, Gordon Ingle, Yogen Amin, Christopher Taylor, 
Jeremy Radcliffe, Nicholas Hirsch, Robin Howard, Angela Vincent (London, UK)

 P45
Effectiveness of topiramate add-on administration in children with refractory status epilepticus

 Soonhak Kwon, Hye Eun Seo, Su Kyeong Hwang (Daegu, South Korea)

 P46
Refractory Status epilepticus in a patient with aluminium intoxication

  Peter Lackner, Ronny Beer, Stephanie Klien, Julia Larch, Gregor Broessner, Raimund Helbok, Bettina Pfausler, 
Erich Schmutzhard, Eugen Trinka (Innsbruck, Austria)

 P47
The nonconvulsive status epilepticus in palliative care patients – results of a one year prospective  
investigation

 Stefan Lorenzl, Simon Mayer, Berend Feddersen, Ralf Jox, Soheyl Noachtar, Gian Borasio (Munich, Germany)

 P48
Nonconvulsive status epilepticus in children and elderly patients – differences in etiology, clinical  
manifestation and prognosis

 Maria Mazurkiewicz-Bedziñska, Krystyna Niedzielska, Mariola Wierzbicka, Barbara Steinborn (Gdansk, Poland)

 P49
Differential diagnoses of status epilepticus

  Vincent Navarro, Sophie Demeret, Bertrand Lapergue, Clemence Laage, Francis Bolgert,  
Michel Baulac (Paris, France)

 P50
The History of the Treatment of Status Epilepticus

 Aidan Neligan, Simon Shorvon (London, United Kingdom)

 P51
IV Levetiracetam terminates refractory complex-partial status in an infant with migrating partial siezures

 Harry Osarodion Nomayo (Weiden I. D. Opf., Germany)

 P52
A prospective assessment of refractory status epilepticus

 Jan Novy, Giancarlo Logroscino, AndreaRossetti (Lausanne, Switzerland)

 P53
Malignant status epilepticus: Treatment persistence until when?

 José Pimentel, Anabela Valadas, Patrícia Lobo, Luísa Albuquerque (Lisbon, Portugal)
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 P54
Do SSRIs prolong seizures in patients with focal epilepsies ? A case control study

  Aleksandar Ristic, Judith Dobesberger, Julia Larch, Gerald Walser, Iris Unterberger, Giorgi Kuchukhidze,  
Eugen Trinka (Belgrade, Serbia)

P55
Seizure duration in focal epilepsies, its correlations and predictors: video-EEG analysis
Aleksandar Ristic, Judith Dobesberger, Gerald Walser, Giorgi Kuchukhidze, Iris Unterberger, Julia Larch, 
Edda Amann, Eugen Trinka (Belgrade, Serbia)

P56
Prospective survey of status epilepticus management in different hospital settings
Andrea Rossetti, Jan Novy, Christiane Ruffieux, Bernand Burnand, Giancarlo Logroscino (Lausanne, Switzerland)

P57
Benign Familial and Non-familial Infantile Seizures (Watanabe- Vigevanosyndrome): a prospective study 
of 15 cases from Saudi Arabia
Imad Yassin Saadeldin, Yousef Housawi, Abdulrahman Al Nemri, Ibrahim Al Hifzi  
(Khamis Mushayt, Saudi Arabia)

P58
Characteristics of Focal Electrographic Seizures in Awake Vs. Comatose patients.
Khurram A. Siddiqui, Ma.Rita Marasigan, Wilfredo O. Alcala, Reem F. Bunyan, Murtada ElMubarak, Shobhit Sinha 
(Riyadh, Saudi Arabia)

P59
Topiramate in Therapy Focal Forms of Epilepsy in Children
Svetlana Sivkova, Fania Zaykova (Kazan, Tatarstan Republic, Russian Federation)

P60
Retrospective analysis of usefulness of phenobarbital in intravenous loading dose for the treatment of 
status epilepticus
Dragoslav Sokic, Aleksandar Ristic, Nikola Vojvodic, Slavko Jankovic, Ljubica Popovic (Belgrade, Serbia)

P61
Autonomic Status Epilepticus in Panayotopoulos Syndrome: neuropsychological assessment.
Nicola Specchio, Lucia Fusco, SimonaCappelletti, Giovanni Masciarelli, Martina Balestri, Raffaella Cusmai, 
Federico Vigevano (Rome, Italy)

P62
Intravenous (IV) Levetiracetam in clinical practice – 75 patients reported to an independent registry
Ulrich Stephani, Wolf Esser, Stefan Evers, Christoph Kellinghaus, Alain Nguento, Uwe Schlegel, Lothar 
Burghaus, Rainer Boor, Frank Hoffmann, Gerd Kurlemann, Thorsten Rehfeldt, Svenja Happe, Rüdiger Seitz, 
Nicolas Lang (Kiel, Germany)

P63
Encephalopathy with Status Epilepticus during Slow Sleep: “The Penelope Syndrome”
Carlo Alberto Tassinari, Gaetano Cantalupo, LoretoRios-Pohl, Elvio Della Giustina, Guido Rubboli (Bologna, Italy)

P64
Successful treatment of generalized myoclonus (¨myoclonic status epilepticus¨) after cardiopulmonary 
resuscitation does not change the poor prognosis of these patients
Frank Thömke, Sacha Weilemann (Mainz, Germany)

P65
Predictors and prognosis of status epilepticus patients treated with intravenous sodium valproate
Siriporn Tiamkao, Somsak Tiamkao, Kittisak Sawanyawisuth (Khon Kaen, Thailand)

P66
Successful Treatment of Status Epilepticus with Lacosamide- the 1st Austrian Case
Christian Tilz, Roland Resch, Christian Eggers (Linz, Austria)
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P67
Clinical and EEG data in two patients with myoclonic status epilepticus after hypoxic brain injury 
Misericordia Veciana, Maria Aiguabella, Merce Falip, Jose Ignacio Herrero, Luisa Corral, Jordi Pedro, Isabel 
Moreno, Jordi Montero, Francisco Rubio (Hospitalet De Llobregat, Spain)

P68
Intravenous Sodium Valproate in Thai Pediatric Patients: Pharmacokinetics and Clinical Application
Anannit Visudtibhan, Kasama Bhudhisawadi, Jarin Vaewpanich, Suwattana Jurawattanaporn, Saming Kaojareon 
(Bangkok, Thailand)

P69
Is intravenous sodium valproate an effective, safety and well-tolerated drug for status epilepticus?
Hikmet Yilmaz, Zeynep Elmas, Melike Batum, Gulsen Vatandas, Nihal Dogan (Manisa, Turkey)

P70
Absence Status Epilepticus caused by Cannabinoids?
Clementina M van Rijn, Richard Ngomba, Silvana Gaetani, Aleksandra V. Gabova, Aleksandra Zharikova, 
Galina D Kuznetsova (Nijmegen, The Nederlands)

P71
Non-Rasmussen, non-vascular epilepsia partialis continua
Peter Wolf, Carla Cristina Bentes, Maria Paola Canevini, Tiziana Granata, Ruta Mameniskiene, Gayane Melikyan, 
Roberto Michelucci, Francesca Granata, Guido Rubboli, Jana Zárubová (Dianalund, Denmark)

14:00-15:00  Emergency treatment of SE I
 Chair:  Felix Rosenow (Marburg, Germany) 

David Treiman (Phoenix, USA) 

14:00-14:30  What is the relative value of the standard anticonvulsants: phenytoin and fosphenytoin, valproate,  
phenobarbital, levetiracetam? 
Eugen Trinka (Innsbruck, Austria)

14:30-15:00 Pharmacodynamic and pharmacokinetic characteristics of intravenous drugs in status epilepticus
Meir Bialer (Jerusalem, Israel)

15:00-15:30 Coffee break

15:30-16:30  Emergency treatment of SE II
 Chair:  Martin Holtkamp (Berlin, Germany) 

Elinor Ben-Menachem (Gothenburg, Sweden)

15:30-16:00 What is the promise of new antiepileptic drugs? Focus on brivaracetam, carisbamate, lacosamide, NS-1209,  
 topiramate

Emilio Perucca (Pavia, Italy)

16:00-16:30 Novel anaesthetics and other treatment strategies for refractory SE
Andrea Rossetti (Lausanne, Switzerland)

16:30-17:30 Panel discussion
 Elinor Ben-Menachem (Gothenborg, Sweden)
 Athanasios Covanis (Athens, Greece)
 Christoph Baumgartner (Vienna, Austria)
 Martha Feucht (Vienna, Austria)
 Martin Holtkamp (Berlin, Germany)
 Peter Kaplan (Baltimore, USA)
 Felix Rosenow (Marburg, Germany) 
 David Treiman (Phoenix, USA)
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SATURDAY, 4 APRIL, 2009

09:15-11:15 Infection and immunology of SE I
Chair:  Frederick Andermann (Montreal, Canada) 

Dimitri Kullmann (London, United Kingdom)

09:15-09:45 SE in the resource poor countries 
Charles Newton (Kilifi, Kenya)

09:45-10:15 Basic mechanisms of SE due to infection and inflammation
Annamaria Vezzani (Milan, Italy)

10:15-10:45 SE due to paraneoplastic and non-paraneoplastic encephalitides
Josep Dalmau (Philadelphia, USA)

10:45-11:15 Rarer Causes of SE
Simon Shorvon (London, United Kingdom)

11:15-11:45 Coffee break

11:45-12:45 Infection and immunology of SE II
Chair:  Cigdem Özkara (Istanbul, Turkey) 

Erich Schmutzhard (Innsbruck, Austria) 

11:45-12:15 Review of SE in HIV and tuberculosis with preliminary view of Bombay hospital experience
Nadir Bharucha (Mumbai, India)

12:15-12:45 Other central nervous system infections and SE
Gagandeep Singh (Lhudiana, India)

12:45-14:00 Lunch

12:45-13:30  Mini satellite symposium by Special Products Ltd.
Chair:  Eugen Trinka (Innsbruck, Austria) 

Rod Scott (London, United Kingdom)

Can buccal midazolam replace rectal diazepam to treat
prolonged seizures?
Graham March (Weybridge, United Kingdom)

14:00-16:30 Medicolegal and ethical aspects of the treatment of SE
Chair:  Christian Elger (Bonn, Germany) 

Holger Baumgartner (Innsbruck, Austria)

14:00-14:30 Psychosis and SE: borderland or hidden cause?
Brent Elliott (London, UK)

14:30-15:00 SE as it presents to the courts
Hannah Cock (London, UK)

15:00-15:30 Coffee break 
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15:30-18:00 Clinical trials in SE
Chairs:  Michel Baulac (Paris, France) 

Matthew Walker (London, United Kingdom)

15:30-16:00 Clinical trials in SE - the clinical perspective
Reetta Kälviäinen (Kuopio, Finland)

16:00-16:30 Minimum requirements for approval of a drug in SE
Michel Baulac (Paris, France)

16:30-17:00 Informed consent in off-label use and incapacitated persons
Christian Elger (Bonn, Germany)

17:00-18:00 Panel discussion
Frederick Andermann (Montreal, Canada) 
Michel Baulac (Paris, France)
Holger Baumgartner (Innsbruck, Austria)
Christian Elger (Bonn, Germany)
Dimitri Kullmann (London, United Kingdom) 
Cigdem Özkara (Istanbul, Turkey)
Erich Schmutzhard (Innsbruck, Austria)
Matthew Walker (London, United Kingdom)

18:00-18:15 Closing remarks

SUNDAY, 5 APRIL, 2009

09:00-13:00 Workshops

09:00-09:15 Opening and Introduction of the Workshops, Hall Grenoble
Eugen Trinka (Innsbruck, Austria)

09:15-10:30 Workshops

10:30-11:00 Coffee break

11:00-12:00 Workshops

12:00-13:00 Summary, Hall Grenoble

Workshop 1: SE in the developing brain, Hall New Orleans
Chairs:  Helen Cross (London, United Kingdom) 

Martha Feucht (Vienna, Austria)

Workshop 2: When to change and when to stop treatment, Hall Grenoble
Chairs:  Thomas Bleck (Chicago, USA) 

Martin Holtkamp (Berlin, Germany)

Workshop 3: Trial design in SE, Hall Aalborg 
Chairs:  Eugen Trinka (Innsbruck, Austria) 

Simon Shorvon (London, United Kingdom) 
Hannah Cock (London, United Kingdom)

Workshop 4:  The use of EEG in diagnosis and treatment of SE, Hall Freiburg 
Chairs:  Peter Kaplan (Baltimore, USA) 

Gerhard Bauer (Innsbruck, Austria)
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Orfiril® 100 mg/ml solution for injection.
Presentation: 1 ml solution for injection contains 100 mg sodium valproate. Other 

ingredients:Disodium edetate, hydrochloric acid, sodium hydroxide, water for injections.. Indications: 
Epileptic patients in whom oral sodium valproate therapy is not possible. Primarily generalised  

seizures in the form of absence (petit-mal) seizures, myoclonic and tonic-clonic seizures. Alone or com-
bined with other antiepileptics for other types of seizures, e.g. simple or complex focal seizures and focal 

seizures with secondary generalisation. Status epilepticus (for details see Norwegian, German, Swiss SmPC). 
Contra-indications:  Hypersensitivity to valproate/other ingredients, previous or current liver disease and/

or manifest severe hepatic/pancreatic dysfunction, family history of liver disease, fatal liver dysfunction in a 
sibling during valproate therapy, porphyria. Warnings and Precautions: Use with special care in: young child-

ren and children on multiple anticonvulsant therapy, bone marrow damage, children and adolescents with multiple 
disabilities and severe epilepsy, blood clotting disorders or thrombocytopenia, congenital enzyme deficiency diseases, 

renal failure and hypoproteinaemia, lupus erythematosus. Use in youchildren only in exceptional cases (special caution, 
strict benefit-risk assessment, if possible as monotherapy). Pregnancy/lactation: increased risk of malformations (including 

neural tube defects), particularly on exposure in 1st trimester and start of 2nd and on combined therapy. Potentially increased risk 
of developmental delay. Administer in the lowest seizure-controlling dose and, wherever possible, as monotherapy. Advise women of child- 

 bearing age of need to plan and monitor pregnancy before beginning treatment.  Breast-feeding possible. Side effects: Side effects attributable 
to use of Orfiril® 100 mg/ml solution for injection include all those associated with oral forms of valproate.  On parenteral use, burning at injection site and dizziness can occur.Commonest 
side effects are gastrointestinal disorders (in about 20% of patients).  Severe (even fatal) liver damage, especially in children given high doses or on multiple anticonvulsant therapy, has 
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Nervous system: common: drowsiness, tremor, paraesthesia; uncommon: transient coma (in some cases with increased seizure frequency); rare: headache, hyperactivity, spasticity, ataxia, 
stupor, hypersalivation; very rare: encephalopathy(1), dementia associated with cerebral atrophy, parkinsonian syndrome (reversible). Gastrointestinal tract: very common: stomach pains, 
nausea, vomiting; rare: diarrhoea, pancreatitis. Liver and gall-bladder: common: changes in liver enzymes; rare: severe liver damage(2). Skin and subcutaneous tissue: common: transient 
hair loss, hair thinning, curly hair if regrowth; rare: rash, erythema multiforme; very rare: Stevens-Johnson syndrome, Lyell syndrome. Kidneys and urogenital tract: very rare: Fanconi 
syndrome, enuresis in children. Reproductive system and breasts: common: amenorrhoea; rare: polycyst. ovaries. General disorders and administration site conditions: rare: inflammation at 
injection site; unknown frequency: tissue disorders after erroneous intra-arterial or perivenous injection, dizziness.
(1) Rarely shortly after use of valproic acid-containing drugs: encephalopathy (pathogenesis unclear, reversible after discontinuation); in some cases with hyperammonaemia, as well as 
increased phenobarbital levels on combination with phenobarbital. In isolated cases - especially with higher doses or in combined therapy with other antiepileptics, chronic encephalopathy 
with neurological symptoms and disorders of higher cortical functions, aetiology unclear.
(2) Particular attention must be paid to signs of liver damage: loss of seizure control characterised by renewed occurrence or increase in seizures, physical weakness, loss of appetite, 
nausea or repeated vomiting, unclear epigastric symptoms, generalised or local oedema, hearing loss, disturbances of consciousness with confusion, restlessness and movement disorders. 
Very rarely damage to pancreas with similar clinical features also observed. Monitor infants and young children carefully. If above symptoms persistent or severe, in addition to thorough 
clinical examination, laboratory investigations required. 

Other warnings: Inspect diluted solutions before use. Use only clear and particle-free solutions. Do not add other drugs to solution for injection. Reaction capacity can be impaired.
Interactions, dosage recommendations and further warnings: See Information for Healthcare Professionals and Package Leaflet. 

1For  detailed indication see local SmPC.
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IL1

Endogenous neuroprotective 
mechanisms in the human brain

Roger P. Simon and Martha B. Johnson, 
Robert Stone Dow Neurobiology Labs, Portland, Oregon, USA

Endogenous neuroprotection harnesses evolutionarily conserved 
mechanisms to defend the brain from a variety of insults, includ-
ing ischemia, seizure, and infection. Endogenous neuroprotec-
tion can be invoked by a mild insult experienced hours to days 
 before a severe insult. Such preconditioning prior to a  challenge 
 attenuates subsequent brain injury. The mechanisms that un-
derlie endogenous neuroprotection therefore have therapeutic 
potential. To study these mechanisms we have used microarray 
analysis to generate the genomic profi le of brain preconditioned 
against ischemic injury and the genomic profi le of brain precondi-
tioned against seizure induced injury. From these profi les emerge 
patterns whose intersection and divergence delineate principle 
features of endogenous neuroprotective mechanisms.

Introduction
Using a mild insult to induce endogenous neuroprotective 
 mechanisms is known as preconditioning. When followed by a 
severe insult, or challenge, preconditioning results in a state of 
 tolerance in which the injury infl icted by the challenge is  mitigated. 
Tolerance is observed in ischemia, seizure, and infection and can 
be induced when the severe insult is preceded by a mild insult 
of the same or different type. Classical tolerance requires new 
protein synthesis and confers delayed and temporary neuropro-
tection, taking hours to develop, peaking over the course of one 
to three days, and then abating (Barone et al., 1998).

Ischemia preconditioning
In rodents and humans, transient ischemic attacks (TIAs) at-
tenuate the injury sustained from an ensuing stroke (Chen et al., 
1996; Weih et al., 1999). We used microarray analysis to profi le 
the transcriptional changes that occur in the mouse cortex after 
ischemic preconditioning (15 min middle cerebral artery occlusi-
on [MCAO]), ischemic challenge (60 min MCAO), and ischemic 
tolerance (15 min MCAO followed 72 hr later by 60 min MCAO). 
The analysis showed that the genes regulated by preconditioning 
and the genes regulated by challenge were different. Moreover, 
genes regulated in tolerance were distinct from those regulated 
by either preconditioning or challenge. Accordingly, we propose 
that preconditioning reprograms the brain’s response to challen-
ge, altering the transcriptional response, and thereby producing a 
neuroprotected phenotype (Stenzel-Poore et al., 2003).

The reprogrammed response to ischemic challenge induced by 
ischemic preconditioning begins to elucidate putative mecha-
nisms of endogenous neuroprotection. In ischemic tolerance 
gene expression is predominantly suppressed. Ion channels, 
transporters, and metabolic pathways are particularly impacted. 
This is reminiscent of the the endogenous neuroprotective me-
chanisms that allow hibernating animals to survive periods of 
prolonged oxygen and glucose deprivation (Storey and Storey, 
1990; Hochachka et al., 1996). 

Endotoxin preconditioning
The endotoxin lipopolysaccharide (LPS) is a surface component 
of bacteria that triggers an infl ammatory response through its in-
teraction with toll-like receptor 4 (TLR4). Exposure to a low dose 
of LPS preconditions the brain and can produce ischemic tole-
rance (Tasaki et al., 1997). We used microarray analysis to profi le 
the mouse cortex after endotoxin preconditioning (5 µg LPS), 
ischemic challenge (60 min MCAO) and LPS-ischemic cross-
tolerance (5 µg LPS followed 72 hrs later by 60 min MCAO). 
The results support our conclusion that preconditioning achieves 
neuroprotection by reprogramming the transcriptional response 
to a severe insult. A majority of genes regulated in LPS-induced 
ischemic tolerance were not regulated in ischemic challenge 
(Stenzel-Poore et al., 2007).

The nature of the reprogrammed response to ischemic challenge 
induced by LPS preconditioning offers further insight into en-
dogenous neuroprotection. Whereas ischemic preconditioning 
suppresses expression of genes infl uencing metabolism and 
transport, LPS preconditioning modulates infl ammatory medi-
ators, inducing neuroprotective cytokines and repressing pro-
infl ammatory molecules. This suggests that the preconditioning 
stimulus provides neuroprotection by reprogramming particular 
aspects of the response to challenge, specifi cally those intrinsic 
to the preconditioning stimulus (Davis and Patel, 2003; Stenzel-
Poore et al., 2007).

Seizure preconditioning
Cell damage and death caused by a prolonged seizure diminishes 
when preceded by a brief, mild seizure. Various stimuli, including 
kindling, bicuculline, kainic acid, and electroshock effectively pre-
condition the brain against status epilepticus (Kelly and McIntyre, 
1994; Sasahira et al., 1995; Najm et al., 1998; Plamondon et 
al., 1999; Andre et al., 2000; Kondratyev et al., 2001; Borges et 
al., 2007; Hatazaki et al., 2007). We have used microarray ana-
lysis to profi le the transcriptional changes that occur in the CA3 
subfi eld of the mouse hippocampus after epileptic challenge 
(intra-amygdala administration of kainic acid) and after epileptic 
tolerance (systemic administration of kainic acid followed 24 hr 
later by intra-amygdala administration of kainic acid). In contrast 
to ischemia, many of the same genes were regulated by both epi-
leptic challenge and epileptic tolerance. However, a substantial 
subset of genes were regulated only by epileptic tolerance, and, 
notably, these differentially regulated genes were predominant-
ly suppressed (Jimenez-Mateos et al., 2008). Prominent among 
the suppressed genes were those whose products participate in 
calcium signaling, synaptic function, long-term potentiation, and 
excitatory neurotransmission.

We conclude that reprogramming, albeit to a less pronounced 
degree, underlies the neuroprotection provided by seizure pre-
conditioning. Moreover, seizure preconditioning specifi cally pro-
motes an anti-excitotoxic phenotype particularly apposite to the 
inducing stimulus, as an anti-infl ammatory phenotype is to LPS 
and hypo-metabolic phenotype is to ischemia. We note that these 
phenotypes are appropriate to the nature of the preconditioning 
stimulus and not to the nature of the challenging stimulus. As an 
endogenous neuroprotective mechanism this can be understood 
as a fi rst insult priming the brain to respond advantageously in 
the likelihood of a second insult of the same kind. Yet the brain 
appears also to respond advantageously to a second insult of a 
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different kind. The basis for this is not yet clear. Our microarray 
studies make apparent that the response to any brain challenge 
is complex, engaging numerous and diverse pathways. Thus mo-
dulating metabolism, inflammation, or excitoxicity could provide a 
measure of protection against diverse insults that disrupt these 
functions to greater and lesser degrees. Our studies show that 
seizure preconditioning alters the expression of inflammatory 
mediators after epileptic challenge in a manner similar to LPS 
preconditioning (Johnson and Simon, unpublished results). Thus, 
different preconditioning stimuli may activate common neuropro-
tective pathways. There may also be shared neuroprotective me-
chanisms not detectable at the transcriptional level. The ongoing 
task is to apply our understanding of endogenous neuroprotec-
tion to therapy while continuing to elucidate mechanism.
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IL2

Basic physiology of limbic SE

Matthew Walker
University College London, Institute of Neurology, London, UK

The mechanisms by which seizures can progress to status epi-
lepticus are unclear. In animal and humans, seizures are usually 
self-limiting lasting just a matter of seconds or minutes, implying 
that there are powerful mechanisms to terminate seizure activity. 
An important observation in both human and animal studies is an 
EEG progression towards status epilepticus. Initially, there are 
repeated seizures which merge into continuous seizure activity 
and eventually periodic epileptiform discharges (Treiman 1995). 
Moreover, studies in which electrical stimulation is used to indu-
ce status epilepticus demonstrate that the longer the stimulation 
occurs, the more likely self-sustaining status epilepticus is likely 
to occur (Mazarati et al. 1998a). Together these observations in-
dicate a paradigm in which repeated seizures lead to a failure of 
the mechanisms that normally terminate seizures. The initiation 
and maintenance of status epilepticus, may however be media-
ted by different mechanisms. Further the mechanisms that main-
tain status epilepticus are different from those that result in neu-
ronal death and also from those that result in the development of 
epilepsy (Walker 2007). It is therefore, for example, possible to 
prevent neuronal death without necessarily stopping the status 
epilepticus (Fisher et al. 2004). Experimental models of limbic 
status epilepticus have given us an insight into the possible me-
chanisms by which status epilepticus occurs. The advantages 
and disadvantages of such models are discussed elsewhere in 
this colloquium and so I will not discuss these further. There 
is increasing evidence that during the development of status 
epilepticus there are changes in both inhibitory and excitato-
ry mechanisms that can lead to the emergence of continuous 
seizure activity. The models probably induce status epilepticus 
by generating powerful and continuous excitation which re-
sults in inhibitory dysfunction/exhaustion and a potentiation of 
excitation so that when the electrical stimulation stops or the 
convulsant has been cleared the seizure activity continues as 
self-sustaining status epilepticus. Most work has been aimed at 
revealing dysfunction of the GABAergic system. Seizures have 
been shown to change GABA(A) receptor trafficking, phospho-
rylation and expression (Naylor et al. 2005; Brooks-Kayal et al. 
1998; Goodkin et al. 2005, 2008; Terunuma et al., 2008). The-
re may also be acute changes in the chloride gradient due to 
seizure-induced changes in the potassium-chloride transporter, 
KCC2, giving rise to less hyperpolarizing or even depolarizing 
GABA(A) receptor mediated potentials (Rivera et al. 2004). In 
addition, seizures decrease modulation of excitatory transmissi-
on by presynaptic GABA(B) receptors (Chandler et al., 2003). 
There is also dysfunction and acute loss of interneurons and 
less effective recruitment of interneurons (Doherty & Dingledine 
2001; Sloviter et al. 2003). Whether these changes are suffici-
ent to induce self-sustaining status epilepticus is unclear but 
doubtful, because many of these changes persist even after the 
status epilepticus has stopped. It is therefore likely that dysfunc-
tion of other systems play an important role, and there may be 
dysfunction of adenosinergic, cannabinoid and peptidergic inhi-

bitory mechanisms (Wasterlain et al. 2002; Handforth & Treiman 
1994; Falenski et al. 2007). Peptides have a powerful influence 
on hippocampal excitability and there is increasing evidence of a 
shift during status epilepticus in expression from inhibitory (e.g. 
galanin) to excitatory peptides (e.g. substance P) in part me-
diated by a change in the expression of Repressor Element-1 
Silencing Transcription (REST) and its truncated form, REST4 
(Mazarati et al. 1998b; Liu et al 1999; Spencer et al. 2006). 
REST and REST4 may also play a part in other changes that 
occur during and shortly after status epilepticus. There is also 
evidence that there are changes in AMPA receptor subunit ex-
pression and release probability at excitatory synapses during or 
shortly after status epilepticus (Scimemi et al. 2006; Friedman 
et al. 1994) . In addition, seizures can results in acute changes 
in neuronal excitability mediated by altered expression and/or 
function of ion channels such as HCN1 that can result in incre-
ased dendritic excitability and greater excitatory post-synaptic 
potential summation (Shah et al. 2004).The extent to which any 
or all of these changes contribute to the occurrence of status 
epilepticus unfortunately remains unclear and there may even 
be roles for regulation of network activity by other mechanisms 
such as metabolic effects (Huchzermeyer et al. 2008), changes 
in calcium homeostasis (Raza et al. 2004), acute inflammation 
and disruption of the blood brain barrier (Marchi et al. 2007, 
2008). It is likely that there is no single mechanism at play but an 
accumulation of seizure-induced modifications of network and 
neuronal excitability.
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IL4

Hypothermia, hyperthermia and 
other systemic factors in sta-
tus epilepticus

Thomas P. Bleck
Rush University Medical Center, Rush Medical College, Chicago, 
USA

Introduction: Systemic factors are often implicated in the gene-
sis of status epilepticus (SE). In addition, there may be opportu-
nities to use non-pharmacologic manipulation of some of these 
factors to treat SE or to mitigate its consequences.
Methods: Literature review
Results: The clearest associations between SE and contributing 
metabolic factors are with hyponatremia, hypoglycemia, nonke-
totic hyperglycemia, and fever. Hypoglycemia and nonketotic hy-
perglycemia are notable for the production of either partial or 
generalized SE. The association between SE and hyponatremia 
appears to depend primarily on the rate of decline of the serum 
sodium (i.e., fall in tonicity) rather than the depth of the decline. 
Fever can trigger SE in infants and children who are predisposed 
to epilepsy, but the connection is less clear in other children or 
in adults until they reach exceptionally high core temperatures. 
Although SE due to hypocalcemia seems well established in in-
fants, the relationship in older patients is less certain because 
they almost always have comorbidities that may also promote 
seizures. Hypercalcemia is rarely associated with SE, and again 
comorbidities may play an important role. Hypomagnesemia is a 
theoretically attractive cause of SE, but again the influence of 
the underlying cause of the electrolyte disturbance clouds the 
matter. Hypophosphatemia has rarely been implicated in noncon-
vulsive SE.Thyroid disturbances themselves have been linked to 
SE, more commonly hyperthyroidism than hypothyroidism, but are 
more commonly associated in the setting of Hashimoto’s ence-
phalopathy. Other autoimmune disorders may have predilections 
for particular brain regions, often the limbic system, with com-
plex partial SE as the result. The relationship of other endocrine 
disorders to SE is usually mediated via electrolyte disturbances, 
such as the hyponatremia seen in the syndrome of inappropriate 
antidiuretic hormone. Hypothermia has recently been the subject 
of anecdotal reports as a treatment for refractory SE. In addition, 
treatment of post-cardiac arrest comatose patients with hypo-
thermia appears to be changing the expected poor prognosis of 
patients who develop SE after return of spontaneous circulation.
Discussion: Although systemic factors are commonly deranged 
in patients with SE, the available literature is confounded by the 
inability to dissociate many electrolyte and metabolic disturban-
ces from their underlying causes. However, this has minimal the-
rapeutic implications, as treatment of the cause is often the more 
effective way to correct the abnormality.
Key words: status epilepticus, hyponatremia, hypoglycemia, 
 hyperglycemia, hypocalcemia, hypomagnesemia, hypothermia, 
hyperthermia, fever
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Experimental status epilepti-
cus in animals; what are we mo-
deling?

Robert S. Sloviter
University of Arizona College of Medicine, Departments of Phar-
macology and Neurology, Arizona, USA

Status epilepticus is a life-threatening and poorly understood 
neurological condition with potentially devastating consequences 
(Mikaeloff et al., 2006). If individual recurrent seizures and sta-
tus epilepticus are related phenomena on a continuum of seizure 
severity, it is unclear why individual seizures stop spontaneously, 
but status epilepticus, by definition, does not, and why initially 
brief seizures become status epilepticus. One possible explanati-
on for why brief, often focally restricted events become a longer 
and more generalized event is that a moderately severe or high-
ly localized failure of GABA-mediated inhibition results in focal 
discharges that recruit surrounding inhibitory mechanisms that 
terminate focal seizures, whereas status epilepticus results from 
a more severe or less localized failure of inhibition (Dichter and 
Spencer, 1969). Although a multitude of complex cellular me-
chanisms could play a multitude of roles in these phenomena, 
there is good reason to suspect a fundamental role for impaired 
GABA-mediated inhibition in the development of seizures and 
status epilepticus.

Decreased GABAergic function is a likely cause of seizures 
and status epilepticus
The suspicion that GABA neuron dysfunction plays a causal role 
in seizures and status epilepticus has a long history. In 1954, it 
was reported that baby food deficient in pyridoxine (a cofactor of 
the GABA-synthesizing enzyme GAD) caused seizures that were 
terminated by pyridoxine replacement (Hunt et al., 1954; Banki-
er et al., 1983). This provided one of the first clues that GABA 
might be an inhibitory transmitter and play a role in epilepsy. Sub-
sequent studies by Purpura and Gonzalez-Monteagudo (1960) 
and by Meldrum and colleagues (1973) showed that compounds 
that decreased GABA synthesis reliably produced status epilep-
ticus in otherwise normal animals. Subsequent studies showed 
that a variety of chemoconvulsants, regardless of their chemical 
structures, produced a similar status epilepticus syndrome and 
a similar pattern of widespread brain damage (Olney, 1981). 
We unexpectedly discovered that the excitatory chemoconvul-
sant kainic acid first decreased dentate granule cell inhibition 
before producing granule cell epileptiform discharges (Sloviter 
and Damiano, 1981a), a finding confirmed by Fisher and Alger 
(1984) and Lerma (2003). In addition, status epilepticus initiated 
by electrical stimulation (Sloviter and Damiano, 1981b; McIntyre 
et al., 1982), the use of which eliminated the issue of chemocon-
vulsant involvement, also overcame paired pulse inhibition just 
before the emergence of epileptiform activity (Sloviter, 1983). In 
all cases of which we are aware, a failure of inhibition both prece-
des and follows prolonged status epilepticus, and the persistent 
post-injury hippocampal disinhibition/hyperexcitability we have 
observed in all models is always closely associated with the injury 
of vulnerable hippocampal neurons (Sloviter, 1991; Sloviter et al., 
2003). Work on the brain-damaging effects of seizure activity per 



30

se gradually changed the early view that seizures do not cause 
any brain injury, to the intermediate view that excessive seizure 
activity damages the mature, but not the immature brain, and fi-
nally to the view that prolonged seizures can cause brain injury at 
both early and later stages of development (VanLandingham et 
al., 1998; Provenzale et al., 2008).

Experimental status epilepticus produces a permanent 
epileptic state
In addition to clarifying the relationship between seizures and 
brain damage, experimental status epilepticus has been widely 
used to produce brain injury and a chronic epileptic state in ro-
dents (Pisa et al., 1980). Although the first detailed description 
of the pathologies caused by kainic acid clearly showed that sys-
temically administered kainate only minimally involved the hippo-
campus (Schwob et al., 1980), kainate-treated rats were soon 
presented as models of hippocampal-onset temporal lobe epi-
lepsy (Nadler, 1981; Tremblay and Ben-Ari, 1984), despite there 
being no reason to believe that the relatively minimally affected 
hippocampus was the source of the seizures that defined these 
animals as epileptic. Rodents treated with pilocarpine have been 
similarly represented as animal models of hippocampal-onset 
temporal lobe epilepsy (Cavalheiro et al., 1991) despite the fact 
that these animals also exhibit widespread extrahippocampal 
brain damage, high lethality, and, like kainate-treat rats, a mixture 
of excitotoxic and ischemic injury (Sloviter, 2005). Pilocarpine 
more reproducibly involves the hippocampus than kainate, reliab-
ly resulting in dentate hilar neuron loss, but the spontaneous sei-
zures that develop in pilocarpine-treated animals do not appear 
to arise from, or even frequently recruit, the hippocampus (Harvey 
and Sloviter, 2005). Nearly 30 years after kainate’s first use as 
a systemic method for inducing convulsive status epilepticus and 
chronic epilepsy, we are left, in my view, with a variety of incom-
pletely characterized animal models that involve so much lethality, 
brain damage, and minimal latency before spontaneous seizures 
of unknown origin develop, that it is difficult to determine which 
of the many effects produced in these animals may be causally 
epileptogenic, and which effects are confounding epiphenome-
na. Perhaps most remarkably, delayed secondary mechanisms 
have been assumed to play epileptogenic roles because a la-
tent period lasting for several weeks had been assumed to fol-
low the initial injury. The belief in the latent period clearly implied 
that neuron loss is primarily a trigger of a delayed epileptogenic 
process, rather than being a primary cause of epileptogenesis, 
because epilepsy was assumed to develop some time after the 
initial injury. The recent observations, following continuous moni-
toring, that epilepsy develops immediately after initial brain injury 
in pilocarpine or perforant pathway stimulated rats (Raol et al., 
2006; Goffin et al., 2007; Jung et al., 2007; Bumanglag and Slo-
viter, 2008), before any delayed secondary processes have time 
to develop, would seem to be an issue worthy of reconsiderati-
on. The primary appeal of the systemic chemoconvulsant-based 
status epilepticus models is clearly the ease with which they are 
produced. However, does that justify their continued use when so 
few questions can be answered definitively because of the high 
mortality, variability among surviving animals, and the fact that the 
limited hippocampal involvement makes studies of hippocampal 
epileptogenesis so problematic? Following the burst of activity 
that was so fruitful in clarifying the role of glutamate in the deve-
lopment of seizure-induced brain damage, it might be prudent to 
evaluate the appropriateness of the systemic chemoconvulsant-

based animal models for the much more reductionist and mecha-
nistic questions now being asked, and given the need to develop 
and assess neuroprotective and anti-epileptogenic treatments, 
which require minimal inter-animal variability.
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Canine status epilepticus (SE) is a naturally occurring condition, 
not a model, and may provide a setting in which proof of prin-
ciple studies of new therapies for both humans and canines can 
be evaluated. Current treatment of human status epilepticus (SE) 
is based on clinical studies performed decades ago using drugs 
developed before the 1970s (Cranford et al, 1978). Successful 
treatment rates in a comprehensive clinical study were only 67 
% with lorazepam and 51% with phenytoin (Trieman et al 1998). 
These drugs now form the basis of international treatment gui-
delines (Kalviainen, 2007). In a recent international workshop, 
it was stated “ regulations in their current form for undertaking 
studies in the emergency situations in patients unable to give 
consent pose serious obstacles for future research” (Shorvon et 
al, 2008). There is an urgent need for developing treatments for 
SE using newer agents. Two new intravenous (IV) antiepileptic 
drugs (levetiracetam and lacosamide) are now available and two 
are being developed (carbamazepine and topiramate). These may 
have significant advantages over current therapy but evidence is 
required before they can be incorporated into guidelines. A major 
obstacle for performing studies with drugs for SE is that although 
it is possible to obtain “continuing consent” in emergency treat-
ment situations, the Institutional Review Boards (IRBs) allow this 
only if these is some evidence to indicate that the test drug has 
potential for being superior to accepted therapy. This is a high bar 
for new drugs if the only evidence for efficacy and safety is based 
on SE studies performed in small animals with experimental SE. 
These experimental SE have two shortcomings which make it 
difficult to apply results to treating SE in humans: 1) none of the 
models have counterparts in the human condition; 2) they are 
usually induced by various chemicals or use of electrical kindling 
(Sloviter et al, 2007). These laboratory models are inadequate to 
support applications for human studies presented to the FDA for 
an IND or obtain support from local IRBs. There are many simila-
rities between human and canine epilepsy (Berendt et al, 2004). 
Canine SE is commonly encountered in veterinary practice, and 
the causes are similar to those seen in humans (Platt and Haag, 
2002; Bateman and Parent, 1999). This naturally occurring SE 
is comparable to the human condition in terms of underlying 
 pathophysiology, clinical course and response to conventional 
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therapy. Evaluating drugs for SE in dogs has three advantages: 1) 
studies could provide proof of principle evidence for efficacy and 
safety; 2) the doses and plasma drug concentrations needed to 
control canine SE provide much more relevant information about 
the design of effective dosing regimens in humans; and 3) being 
able to perform a placebo-controlled study in dogs significantly 
increases the power of the study. We were able to obtain appro-
val for a double-blind placebo controlled study of levetiracetam 
(LEV) in canine SE because there is no widely accepted treat-
ment or successful treatment for this condition. Approximately 4 
to 6 dogs per month present at the U of MN Veterinary Hospi-
tal, but because of the cost of the ICU stay, most owners have 
chosen not to participate, electing to have their dogs euthanized. 
Informed consent is obtained from the owner. If seizures continue 
after Phenobarbital or diazepam, the subject is randomized to a 
loading dose of LEV or saline and admitted to the Intensive Care 
Unit. The primary endpoints are: number of hours from admission 
until 24 hours without an observed seizure, number of seizures 
until 24 hours seizure free, number of episodes of status epilepti-
cus (5 or more minutes of seizure activity), and % all cause mor-
tality while hospitalized. After administration of the study agent, 
further therapy may be used for refractory SE. Secondary end-
points are: hours of hospitalization, number of bolus injections of 
diazepam given, % of dogs receiving a constant rate infusion of 
diazepam (CRI), hours of CRI of diazepam, % of dogs receiving 
either propofol or pentobarbital treatment, hours of propofol or 
pentobarbital treatment. Power analysis calculations indicated 
that 10 dogs in the active and 10 in the placebo group would 
detect a 40% difference in the number seizure free at the end 
of a 24 hour observation period with an alpha of 0.05 and beta 
of 0.20. In the LEV study dogs were randomized in blocks of 10, 
5 LEV and 5 placebo receiving 30 mg/kg LEV or saline. Inte-
rim analysis without unblinding found a group difference: in one 
group, 3 of 5 (60%) had no more seizures for 24 hours and in the 
other group 1 had no more seizures (20%). The second group of 
60 mg/kg is now underway. Another development in the US that 
will facilitate studies of SE is the existence of the Neurological 
Emergencies Treatment Trial (NETT) Network. Severe neurologi-
cal illnesses or injuries such as SE require immediate intervention 
to preserve life or reduce mortality. The, NETT has been funded 
by the National Institute of Neurological Disorders and Stroke. 
The NETT conducts multi-centered clinical trials of potential new 
therapies for a wide range of neurological problems. The NETT 
includes not only academic centers, but also community and ru-
ral sites, in order to enroll patients who are cared for in diverse 
settings. The NETT consists of a Clinical Coordinating Center, 
located at the University of Michigan and a Statistical and Data 
Management Center at the Medical University of South Carolina. 
Patient enrollment into clinical trials occurs at 11 ‘hubs:” which, 
in turn coordinate the activity of between 3-10 “spokes”. The hub 
provides local resources, support and administration of the acti-
vities of the NETT, and to ensures proper patient enrollment and 
adherence to protocols and regulatory requirements. Each spoke 
is a hospital whose emergency department is involved with the 
acute care of patients with neurological emergencies. By per-
forming proof of concept studies in canine SE and then utilizing 
the NETT for human studies, it may be possible to advance the 
treatment of SE in humans.
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During status epilepticus (SE), seizures become self-sustaining 
(Wasterlain, 1974), and pharmacoresistance to benzodiazepines 
develops progressively, and can result in a 20-fold reduction of 
response to diazepam after 30 min. of experimental seizures 
(Kapur & MacDonald 1997, Mazarati et al 1998, 1999). This 
time-dependent pharmacoresistance is not mediated by classi-
cal transporter mechanisms (Brandt et al 2008), but may reflect 
seizure-induced internalization of synaptic GABAA receptors 
 (GABAAR) containing the β2-3 and/or γ2 subunits (Naylor et al 
2005, Goodkin et al 2005), while tonic currents, generated by 
extrasynaptic receptors, actually increase (Naylor et al 2005, 
Goodkin et al 2008). This presents therapeutic challenges, since 
GABAAR internalization occurs quickly (Naylor & Wasterlain, 
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2005), reducing the therapeutic target for benzodiazepines and 
other GABAergic drugs. As a result, the therapeutic response to 
the drugs of choice against SE declines, and this makes it diffi cult 
to control seizures, since very early treatment of SE is rarely pos-
sible. 

However, changes in glutamate receptors and in other transmitter 
systems also play a role in hippocampal hyperexcitability during 
SE. We will present evidence that hippocampal slices prepared 
from rats after 60 min of lithium/pilocarpine SE display an in-
crease in the amplitude of NMDA-mediated miniature excitatory 
postsynaptic currents on granule cell somas, suggesting an in-
crease in number of functional NMDA receptors (NMDAR) per 
synapse. After an hour of SE in vivo, we observed a movement of 
NMDAR (visualized by immunocytochemistry of the NR1 subunit 
and confocal microscopy) from the cytoplasm to the vicinity of 
synapses in granule cells, and in CA1 and CA3 pyramids, sug-
gesting activity-dependent traffi cking of NMDAR to synapses. 
Since both the loss of synaptic GABAAR and the increase in syn-
aptic NMDAR are proconvulsant, this suggests that the traditional 
treatment of SE by enhancing GABA inhibition leaves glutama-
tergic excitation unchecked, and that polytherapy is needed to 

simultaneously stimulate the remaining GABAAR and reduce the 
activity of NMDAR. Our data show that in a very severe model of 
SE (5 mEq/kg lithium, 320 mg/kg pilocarpine), which is refracto-
ry to anesthetic doses of diazepam (20 mg/kg), seizures can be 
stopped without depressing consciousness, using a low dose of 
diazepam (1 mg/kg, devoid of any measurable effect on SE when 
given alone) combined with an NMDA antagonist (dizocilpine, in a 
dose which had no measurable anticonvulsant effect when given 
alone at that same time point, or ketamine). This strongly suggests 
that initial treatment with a combination of a GABAAR agonist and 
an NMDAR antagonist is more effective and less toxic than mo-
notherapy, and.that pharmacoresistance during SE can in part be 
overcome by reversing the physiological changes resulting from 
receptor traffi cking. Further increases in treatment potency could 
be achieved by adding, to the GABAA agonist/NMDA antagonist 
combination, a third drug which enhances inhibition by non-GA-
BA, non-glutamatergic mechanisms (e.g. valproate, brivaracetam). 
Receptor traffi cking-targeted polytherapy also reduced the long-
term sequellae of SE. 
Supported by VHA Research Service and by grants NS13515 
and NS 059704 from NIH/NINDS.

Figure 1. In hippocampal slices prepared from rats in lithium/pilocarpine-induced SE for 1 hour, GABAA miniature inhibitory post-synaptic 
currents (IPSCs) recorded from granule cells were reduced compared to controls (A, upper left graph). This indcates a reduction of the 
number of GABAA receptors from 38 ± 15 to 20 ±6 per granule cell synapse. Exposure of hippocampal slices to GABA produces similar 
changes (B, graph on upper middle). Tonic currents generated by extrasynaptic GABAA receptors are increased in slices from rats in SE, 
refl ecting (at least in part) increased extracellular GABA concentration during SE. In control granule cells (D, bottom left) the β2-3 subu-
nits of GABAA receptors (red) localize to the vicinity of the presynaptic marker synaptophysin (green), while after an hour of SE induced 
by lithium and pilocarpine (D, bottom right), many have moved to the cell interior.
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Status epilepticus (SE) is a neurological emergency, character-
ized by continuous or intermittent seizures without full recovery 
of consciousness between seizures, which can result in death or 
neurological sequelae. In about one third of patients, SE is unre-
sponsive to sequential treatment with first- and second-line an-
tiepileptic drugs (AEDs). The two most important variables which 
influence the response of SE to AEDs are the underlying etiology 
and the duration of SE. With respect to etiology, acute structural 
brain disorders (e.g., encephalitis, stroke, trauma) resulting in SE 
in previously non-epileptic patients are particularly likely to be 
refractory (Neligan and Shorvon, 2008). Conversely, in cases of 
acute SE in previously non-epileptic patients, where no etiology is 
found, the outcome is usually much better. With respect to dura-
tion of SE, the longer the seizure persists (typically >1 hour), the 
more likely is the seizure to be unresponsive to AED therapy, the 
higher is the mortality and the worse is the prognosis in survivors. 
Similar observations have been reported in rat models of SE. In 
rats, SE can be induced with chemical agents or by electrical sti-
mulation. Chemical models of SE include systemic administration 
of the convulsants kainic acid or pilocarpine, while electrical mo-
dels include hippocampal or amygdala stimulation via depth elec-
trodes. In such models, seizures rapidly become self-sustaining 
and continue long after the withdrawal of the convulsive stimulus. 
Various molecular and functional changes are thought to play a 
role in the transition from single seizures to self-sustained SE 
and in the development of time-dependent pharmacoresistance 
in rat SE models (Chen and Wasterlain, 2006). These changes 
include alterations in the functional properties of hippocampal 
GABA

A receptors and trafficking of GABAA receptors (or receptor 
subunits) from the synaptic membrane to the cytosol, resulting in 
a loss of GABA-mediated inhibition. At the same time, glutamate 
receptor subunits, including AMPA and NMDA receptor subty-
pes, move to the synaptic membrane where they form additional 
excitatory receptors. These changes are likely to explain progres-
sive resistance to AEDs acting on GABAA receptors, whereas an-
ticonvulsant NMDA or AMPA antagonists remain highly effective 
in terminating SE. These findings, however, do not easily explain 
resistance to AEDs such as phenytoin that do not primarily act 
via GABA receptors. It is conceivable that AED targets other than 
GABA or glutamate receptors are also affected by sustained sei-
zure activity. For instance, molecular and functional changes in 
voltage-dependent sodium channels, which are targets of phe-
nytoin and various other major AEDs, have been found after a 
pilocarpine-induced SE in rats (Ellerkmann et al., 2003). Another 
explanation for the progressive loss of AED efficacy with ongoing 
SE activity would be increased expression of drug efflux trans-
porters such as P-glycoprotein at the blood-brain barrier, thus 
leading to reduced concentrations of AEDs at their brain targets 
(Löscher, 2007). However, recent experiments in two rat models 
of SE did not result in any evidence supporting this possibility 
(Bankstahl and Löscher, 2008). Furthermore, apart from target 

or transporter alterations, the severity of SE may play a role for 
response to AED treatment. We recently demonstrated in rats 
that SE induced by pilocarpine was more resistant to AEDs than 
an electrically induced SE, and also induced more severe brain 
damage than determined in the electrical model (Bankstahl and 
Löscher, 2008). So one may speculate that drug resistance, at 
least in part, is a mere expression of higher SE severity (and/or 
the severity of the underlying condition), rather than of molecular 
or functional alterations developing as a result of sustained sei-
zure activity.
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Introduction
Many common diseases and disorders, such as hypertension, di-
abetes, arthritis, and epilepsy, have a genetic component with a 
complex genetic architecture. Evidence for a genetic influence 
on epilepsy emerged in twin studies that reported concordance 
rates consistently higher in monozygotic than in dizygotic twins 
(Lennox, 1951; Sillanpää et al., 1991; Berkovic et al., 1998). The 
causation of epilepsy is multifactorial (a combination of envi-
ronmental and genetic risk factors) and the genetic part is very 
complex (polygenic). For example, mutations in different genes 
can cause the same syndromes in different families (Cossette et 
al., 2002; Suzuki et al., 2004). Equally concerning is the second 
complication of variable expressivity, in which mutations in a sin-
gle gene can produce different epilepsy phenotypes in different 
individuals as a result of modifying genetic or environmental fac-
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tors (Kanai et al., 2004; Mulley et al., 2005). Thus, similar to many 
other complex diseases, it has been suggested that epilepsy is a 
polygenic syndrome, influenced by the effect of variation at seve-
ral or multiple genes (reviewed in Ottman et al., 1996; Anderson 
et al., 2002).

Identification of the genetic causes of status epilepticus
Numerous studies have mapped and identified relevant genes 
that influence resistance and susceptibility to epilepsy using a va-
riety of both family-based and population-based approaches and 
mapping genes using mouse models. However, the replication of 
findings and the localization of these genetic loci continue to be a 
challenge for complex traits, such as epilepsy. As susceptibility to 
status has a multifactorial etiology, no single strategy is likely to 
identify all of the potential genes involved in susceptibility to epi-
lepsy as all study designs have limitations. Thus, it is important to 
supplement human experimental approaches with the investiga-
tion of animal models, as animal models offer several advantages 
for the study of multi-factorial human diseases.
While there are no known inbred strains that spontaneously de-
velop status, researchers have used induced models of status in 
experimental animals such as mice. Genome-wide scan can be 
performed readily in experimental animals such as mice. Even in 
advantage of identifying specific gene, such studies can identify 
the chromosomal locations of quantitative trait loci; information 
that can be used to prioritize genes for candidate analysis in hu-
mans. Similarly, because of the lack of a clear understanding of 
the pathogenesis of epilepsy and the biological pathways that 
may be disturbed in this disorder, using animal models may be 
critical for paving the way for identifying genes that increase the 
susceptibility to epilepsy.

Genome-wide linkage studies of seizure susceptibility in 
mice
Since the early 1990’s, the traditional linkage methods of human 
genetics have been applied in rodents to map quantitative trait 
loci (QTL) for seizure susceptibility. A number of studies have 
demonstrated the genetic influence on seizure susceptibility and 
sensitivity in animal models (Weinshenker et al., 2001; Vezzani et 
al., 2002; Akbar et al., 2003; Mazarati et al., 2004; Fedele et al., 
2006). Conducting whole genome linkage analysis derived from 
seizure-susceptible and relatively seizure-resistant inbred strains 
constitutes the primary step toward identification of seizure su-
sceptibility quantitative trait loci (QTLs). With the use of this ap-
proach, information on chromosomal location, the magnitude of 
the effect, and the mode of inheritance of each causative locus 
can be obtained. So far, 11 QTLs for seizure susceptibility have 
been mapped in crosses between various mouse lines. The iden-
tified QTLs map to chromosomes 1,2,4,5,7,10,11,12,15 and 18, 
with the highest density on chromosomes 1,5,7 and 10, where 
QTLs from several different crosses coincide. Some of the QTLs 
identified by genetic linkage analysis have been corroborated by 
substitution mapping studies using congenic mouse strains (Fer-
raro et al., 2004; 2007). However, at present, further studies in-
volving substitution mapping either are in progress or are needed 
to resolve each of these QTLs and identify the underlying genetic 
causes for susceptibility to experimental epilepsy.

Genome-wide linkage studies of status susceptibility in 
mice
The application of this approach to studies of status susceptibility, 
particularly status-induced neuronal damage, have been fewer, 
likely due to the inherent complexity of separating those loci res-
ponsible for differences in seizure susceptibility versus those re-
sponsible for susceptibility to seizure-induced cell death. Never-
theless, based on initial studies demonstrating that mouse strains 
show remarkable genetic differences in susceptibility to the neu-
ropathological consequences of the kainate model of status epi-
lepticus (Schauwecker and Steward, 1997), the identification of 
gene(s) responsible for these strain-dependent differences can 
be assessed using QTL analysis, as well.
By using information on the chromosomal polymorphisms evi-
dent between these two strains, three chromosomal regions were 
identified that contain genetic loci responsible for strain differen-
ces in kainate-induced excitotoxic cell death (Schauwecker et al., 
2004). The most significant linkage, on distal chromosome 18, 
termed Sicd1 (seizure-induced cell death 1), is associated with 
increased susceptibility to kainate-induced excitotoxic cell dama-
ge in the hippocampus. In subsequent studies, the existence of 
the QTL on chromosome 18 was confirmed through the creati-
on of congenic mouse strains.Through creation of overlapping 
congenic recombinant strains in which the Sicd1 QTL interval 
was dissected into smaller chromosomal fragments, we found a 
nearly 89% reduction in the extent of seizure-induced excitotoxic 
cell death in an interval-specific congenic line, which carries a 
reduced ‘resistant’ strain-derived region of chromosome 18 on 
an ‘susceptible’ strain-derived background. Utilizing this particular 
strain, we have initiated candidate gene studies to identify those 
genes responsible for conferring this effect. At present, we have 
found that basal hippocampal expression of galanin receptor 1 
(GalR1) is differentially expressed among strains susceptible ver-
sus resistant to seizure-induced cell death (Kong et al., 2008). 
Future studies will need to confirm the candidacy of this gene 
through functional complementation studies.

Conclusion
Unraveling the genetic factors that play a role in status epilepticus 
is very difficult, as the causation of status is multifactorial and the 
genetic part is very complex. Unfortunately, many of the epilepsy 
susceptibility genes identified in mice have not been investigated 
in human epilepsy and vice-versa. As our current understanding 
of gene function is too limited to let us predict a priori which 
genes are involved with a particular trait, a combined approach 
of mouse genetics and transcriptomics, together with studies 
involving human patients with diverse epilepsy phenotypes, will 
yield the fastest progress. It is hoped that future studies will take 
advantage of discoveries of candidate genes in mouse models 
which can yield significant insights into the complexity of defi-
ning epilepsy genetics and provide a complementary approach to 
determine the significance of suspected candidate genes in the 
human population as well.
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Epidemiological studies suggest that early in life, the brain is un-
usually susceptible to seizures and especially SE, particularly in 
the neonatal period. This may be related to a failure of intrinsic 
antiepileptic mechanisms in the brain that lead to seizure termi-
nation with maturation. Experimental studies suggest that basal 
ganglia networks that involve the substantia nigra pars reticulata 
(SNR) are critically involved in the control of seizures. In our on-
going studies, we have provided evidence that the ability of the 
SNR to control the expression of seizures in rats is age- and 
sex-dependent.
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The SNR is a major component of the basal ganglia. With projec-
tions both intrinsic and extrinsic to the basal ganglia system, it is 
involved in cognition, the coordination of motor functions as well 
as in the control of seizures. The SNR contains high amounts of 
GABA. GABA-sensitive neurons in the SNR regulate susceptibi-
lity to clonic seizures in rats. In the adult SNR, there are two dis-
tinct regions, SNRanterior and SNRposterior that have different roles in 
seizure propagation and control. Metabolic data show that there 
is a sequence of events that takes place in the SNR as seizure 
emerges: prior to the seizure onset, there is increased uptake in 
SNRposterior, which could act as a “gateway” for seizure propagati-
on. After clonic seizures occur, there is increased DG uptake in 
SNRanterior. This may reflect an attempt of the SNR to curtail the 
seizure; during a clonic seizure there is increased GABA release 
from the striatonigral terminals, silencing SNR neurons leading 
to disinhibition of SNR output systems and the arrest of the on-
going seizure. This is consistent with anticonvulsant effects of 
bilateral, strictly local injections of GABAA receptor agonists in the 
SNRanterior, and nigral lesions. Thus, a key feature of the mature 
phenotype is the presence of a GABAA-sensitive region located 
in the SNRanterior that can attenuate seizures (the ‘anticonvulsant’ 
region). This region is present in both males and females and its 
appearance may be crucial for the control of generalized clonic 
seizures in mature animals. 
In the immature brain, the SNR does not show any increases 
in DG uptake during seizures. Furthermore, infusions of GABAA 
agonists in PN15 male rats have proconvulsant effects and are 
ineffective in PN15 female rats. The seizure controlling effects of 
SNRanterior on clonic seizures are observed in both male and fema-
le rats at least from PN25 (female) and PN30 (male). These data 
suggest that the maturation of the GABAA-sensitive SNRanterior 
is crucial for the control of generalized clonic seizures and the 
lower propensity for the development of SE observed in male and 
female rats from PN30 on.
The maturation of the GABAA-sensitive SNR may depend on 
GABAA receptor signaling. During development, the direction of 
GABAA receptor signaling is influenced by the maturational chan-
ges in chloride homeostasis. Early in life, the relative abundance 
of the sodium potassium chloride cotransporter NKCC1 favors 
the intracellular accumulation of chloride. As a result, GABAA re-
ceptor activation depolarizes neurons, activates voltage sensitive 
calcium channels, increases intracellular calcium, and activates 
calcium-sensitive signaling processes that are important for neu-
ronal differentiation, function, and survival. Later on, the develop-
mental increase in potassium chloride cotransporters that extru-
de Cl- to the extracellular space (such as the neuronal specific 
isoform KCC2) eventually dominate; GABAA receptors assume 
their classical hyperpolarizing mode of action observed in ma-
ture neurons and cannot activate calcium signaling. The timing 
of GABAA receptor switch differs among regions, and at least in 
the SNR, also between sexes. The delayed developmental rise in 
KCC2 and GABAA receptor switch observed in male SNR neu-
rons, prolongs the developmental window period during which 
GABAA receptors can activate calcium signaling, amplifying the 
differences in SNR function between sexes. 
The mechanisms available to terminate seizures in otherwise nor-
mal healthy brain may not be available to terminate seizures in 
a brain that has already experienced seizures. SE in developing 
rats does not produce neuronal injury in the SNR. Nevertheless, 
ongoing studies indicate that the development of the SNRanterior is 
distorted if infant rats experience 3 episodes of SE (3SE) prior to 

PN6 irrespective of gender by preventing the emergence of the 
SNRanterior GABA-sensitive anticonvulsant region at PN30. How-
ever, in the SNR, 3SE accelerate the developmental increase of 
KCC2 mRNA; accelerate the EGABA switch with sex-specific fea-
tures, occurring earlier in females than in males; induce changes 
in GABAA receptor subunit expression and alter the responsive-
ness of SNRanterior neurons to GABAA agents. If 3SE are induced 
in PN14-16 male rats (a period during which the EGABA switch 
naturally occurs), the SNRanterior GABAA-sensitive anticonvulsant 
region develops normally. The data then suggest that, during a 
specific developmental window, the 3SE may shorten the period 
during which the normal GABAA-mediated differentiation of the 
SNR occurs. The detrimental effects of 3SE occur within days af-
ter SE. This may provide a possible means for intervention based 
on short-duration treatments that may prevent or revert the 3SE-
induced increases in KCC2 expression. 
Understanding the spectra of SE induced changes on the net-
works involved in the control of seizures as a function of age and 
sex may lead to the identification of neuroprotective/disease mo-
difying treatments specific for the developing CNS to ameliorate 
the outcome after SE is terminated.
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Febrile seizures and mesial temporal lobe epilepsy 
Febrile seizures (FS) are the most common type of seizure in 
childhood, occurring in 2−5% of children between 6 months and 
5 years of age. FS are short-lasting in about 75% of children and 
are called “simple FS”. However, FS may have a prolonged dura-
tion (>15 min), a focal onset and/or unilateral post-ictal deficit, 
and/or recurrence within 24 h. These seizures are termed “com-
plex FS”. In addition, complex FS can potentially result in long-
term effects such as mesial temporal lobe epilepsy (MTLE) or 
hippocampal dysfunction. Observations by Falconner et al. (1964) 
based on 100 patients who had undergone surgery for intracta-
ble MTLE suggested that the presence of hippocampal sclerosis 
was associated with a history of prolonged FS in 30% of patients. 
Several recent studies have supported this association and have 
suggested that complex FS are an initial trauma triggering MTLE. 
Neuroimaging studies dealing with the consequences of complex 
FS or febrile status epilepticus generally show hippocampal swel-
ling during the acute stage. Magnetic resonance imaging (MRI) 
studies performed in children with complex FS (48 h and 4−8 
months post-seizure) have revealed an increase in hippocampal 
volume and prolongation of T2 relaxation time. This suggests 
that complex FS can result in acute hippocampal edema which 
resolves within several months (Scott et al., 2002; Scott et al., 
2003). Although many neuroimaging studies report acute hip-
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pocampal damage and subsequent atrophy after complex FS, it 
is not known whether these patients go on to develop MTLE. 
A combination of neuroimaging and long-term follow-up studies 
is required to clarify this issue although this will be difficult as 
confirmed complex FS are not common in children. From clini-
cal studies it is difficult to determine whether early complex FS 
damage the hippocampus and cause hippocampal sclerosis. In 
addition, the hypothesis that children have complex FS because 
their hippocampus was previously damaged as a result of prena-
tal or perinatal insult and/or by genetic predisposition (Cendes et 
al., 1995) is an important alternative.

Animal models of complex febrile seizures
In order to better understand the impact of complex FS on the 
developing brain and the consequences of previous hippocampal 
damages on FS, animals models have recently been developed in 
which hyperthermic seizures (HS) are induced (Baram & Shinnar, 
2002). Experimental HS can be evoked in rat or mouse pups 
around P10−11, which corresponds to the stage of hippocampal 
development in children at the age of FS occurrence. A regulated 
stream of heated air (42±2°C) induces hyperthermia and seizu-
res are rapidly observed which are characterized by both behavi-
oral and electroencephalographic criteria. Recording of epileptic 
discharges requires the placement of depth electrodes within 
the amygdala and hippocampus (Baram et al., 1997), but these 
are often associated with behavioral arrest. When such recurrent 
seizures are induced for 30 min, approximately 95% of animals 
survive and the long-term consequences can be evaluated. HS in 
young animals result predominantly in an alteration of neurons in 
the hippocampus and amygdala of adult animals. These changes 
are observed only when prolonged seizures are observed during 
hyperthermia: when HS are prevented by benzodiazepines, few 
histological changes are observed. Few neurons show apoptotic 
changes such as DNA fragmentation following HS and these 
changes appear to be transient (Toth et al., 1998). Further ana-
lyses have shown that neuronal loss, neurogenesis and mossy 
fiber sprouting are limited whereas enhanced sensitivity of the 
hippocampus is observed (Bender et al., 2003). In 30% of rats 
exposed to prolonged and repeated HS, clear enhancement of 
hippocampal excitability was observed electrophysiologically and 
pharmacologically (Dube et al., 2006). However, these changes 
were only observed after brief but frequent experimental HS 
whereas a single experimental seizure has few consequences 
(Chang et al., 2003).

Febrile seizures and dual pathology
The observation of humans with a history of typical MTLE syn-
drome, associated with cortical dysplasia or other lesions in the 
same hemisphere, has led authors to propose the concept of dual 
pathology. According to this concept, FS probably lead to hip-
pocampal sclerosis, especially in the presence of a preexisting 
lesion. In animal models, the presence of a localized microgyrus 
induced in neonatal rats by a cryolesion at P0 resulted in pro-
longed HS (Scantlebury et al., 2004; Scantlebury et al., 2005). 
Furthermore, cortical focal lesions predisposed rat pups exposed 
to HS to chronic limbic seizures together with deficits of learning 
and memory without histological evidence of cell loss (Scantle-
bury et al., 2005), and resulted in reductions in whole brain and 
ipsilateral hemispheric, cortical and hippocampal volumes, which 
persisted at P22. 

Conclusion
Clinical and experimental studies on FS suggest that febrile sta-
tus epilepticus is not associated with massive cell death in the 
limbic regions and may not be solely responsible for hippocampal 
sclerosis, as observed in MTLE. However, the interaction of these 
prolonged seizures with existing dysplasia or lesions appears to 
increase the risk of developing MTLE after complex FS. Animal 
studies exploring the interactions between changes in brain de-
velopment and HS may increase our understanding of the role of 
febrile status epilepticus in the initiation of MTLE.
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Prolonged status epilepticus in humans as in experimental ani-
mals can initiate the development of temporal lobe epilepsy (TLE) 
(Kapur, 1999). Thus, application of potent convulsant substances 
like kainic acid model or pilocarpine in rats induce acute sta-
tus epilepticus that, after a silent period of one to two weeks, is 
followed by spontaneous convulsions. The status eplepticus is 
characterized by severe limbic seizures and a sequaele of neu-
ropathological signs including opening of the of the blood brain 
barrier, local brain edema, bleeding into the brain, activation of 
microglia and astrocytes followed by neurodegeneration in the 
hippocampus, amygdala, entorhinal cortex and other brain areas 
(Sperk et al., 1983; Du et al., 1993; Rizzi et al., 2003). Induced 
by the seizure activity, neurotransmitters like GABA, glutamate or 
amine transmitters released from their stores and mechanisms 
of their re-synthesis are strongly activated (Sperk et al., 1983). 
Besides this, pronounced changes in the expression of multiple 
functionally important proteins have been found brains of ex-
perimental animals and humans (Herdegen et al., 1993; Sperk, 
1994; McNamara, 1999; Morimoto et al., 2004). 

Some of these dynamic neurochemical changes persist also in 
the chronically epileptic state or may be altered or substituted by 
other changes. They are accompanied by progressing rearrange-
ment of neuronal circuitries, characterized by continuing neuro-
degeneration and by axonal outgrowth. The best-characterized 
example of such plastic changes is the sprouting of mossy fib-
ers to the inner molecular layer of the dentate gyrus terminal 
area where they seem to substitute the loss of associational/
commissural fibers arising from dentate mossy cells (Houser et 
al., 1990). 

We are here reviewing some of ourand others’ findings on neu-
rochemical and morphological changes in related to GABA-ergic 
and peptidergic neurotransmission (Table 1). 

There are clear indications for a loss of excitatory as well as of 
inhibitory GABA-ergic neurons early after induction of the sta-
tus epilepticus. At the same time, expression of immediate early 
genes and of many proteins becomes severely altered, mostly ac-
tivated presumably leading to an altered functioning of neuronal 
circuitries (Herdegen et al., 1993; Sperk, 1994; Morimoto et al., 
2004). Expression of the GABA synthesizing enzymes glutamate 
decarboxylases GAD65 and GAD67 and of an embryonic form 
of GAD67 becomes enhanced (Sperk et al., 1983; Esclapez and 
Houser, 1999; Szabo et al., 2000; Sperk et al., 2003) indicating 
enhanced GABA synthesis in the surviving neurons. Also at the 
receptor level GABAergic transmission appears to be markedly 
altered. In human TLE, as in animal models, GABA

A and GABAB 
receptors undergo dynamic changes in their expression. Whereas 

expression of GABAB receptors is decreased initially after status 
epilepticus (perhaps resulting in enhanced release of glutamate), 
it is increased in chronic TLE patients (Furtinger et al., 2003; 
Furtinger et al., 2003). Changes in the expression of GABAA re-
ceptor subunits are complex. In animal models, typically expres-
sion of the β-subunits (β2 and β3) containing the binding site 
for GABA, and of α2 and γ2, contributing to the binding of the 
anticonvulsant benzodiazepines is increased. On the other hand, 
levels of subunits presumably comprising extrasynaptic receptors 
involved in tonic GABA mediated inhibition, such as δ and α5 (in 
mice) become decreased in the dentate gyrus after the status 
epilepticus. Interestingly in human TLE most subunits expressed 
in the hippocampus seem to be up-regulated (notably subunits 
α2, α5, β1-3, γ2 and δ) indicating little functional changes but 
consistent up-regulation of the receptors presumably leading to 
generally enhanced GABAergic transmission.

Neuropeptides are co-transmitters of classical neurotransmitters. 
They are rapidly released during status epilepticus but are con-
siderably slower re-synthesized than classical neurotransmitters 
(Vezzani et al., 1996). It has been well documented that synthesis 
of neuropeptides is dynamically regulated in by seizures and that 
neuropeptides may potently influence later epileptic events in 
different ways. Thus the peptides thyrotropin releasing hormone 
(TRH) and neurokinin B exert pro-convulsive and neuropeptide Y 
(NPY), galanin and dynorphin potent anticonvulsive actions (Vez-
zani et al., 1999; Mazarati and Wasterlain, 2002). Expression of 
all of these peptides is altered by the status epilepticus. NPY 
exerts its anticonvulsive effects through presynaptic Y2 recep-
tors located presynaptically on glutamate neurons and mediating 
inhibition of the release of the excitatory transmitter (Vezzani et 
al., 1999; Furtinger et al., 2001). Seizures not only cause marked 
up-regulation of NPY but also of Y2 receptors in mossy fibers 
of rats and TLE patients (Furtinger et al., 2001). Interestingly, 
whereas NPY is ectopically expressed in principal neurons of 
epileptic rats and may act there on presynaptic receptors, it be-
comes over-expressed in GABA/NPY neurons that prominently 
sprout in human TLE. In contrast to the rat, the peptide may there 
be released from interneurons upon nerve endings of excitatory 
neurons and may result in impaired glutamate release (Furtinger 
et al., 2001).

Other than for NPY, expression of dynorphin becomes decrea-
sed in the hippocampus epileptic rats (Douglass et al., 1991). 
Thus its endogenous action may be limited in epileptic rats. In 
contrast, in patients with TLE expression dynorphin is markedly 
up-regulated in mossy fibers. mRNA levels are especially high 
in patients that experienced seizures within a 24 hours period 
prior to epilepsy surgery indicating a confounding effect of seizu-
res on dynorphin expression (Pirker er al., submitted for publica-
tion). Since dynorphin exerts anticonvulsive actions (mediated by 
κ-opioid receptors) in experimental animals, it may act as an en-
dogenous anticonvulsant peptide in human TLE up-regulated by 
a previous seizure episode. The anticonvulsant potency of various 
neuropeptides, notably of NPY and galanin has recently lead to 
the concept of using viral vectors over-expressing the neuropep-
tides, that then may be selectively released during epileptic sei-
zures and may exert an anticonvulsive action. Akknowledgement: 
The work was supported by the Austrian Science Foundation (P 
19.464 and SFB 35-12) and European Union Grant FP6 EPI-
CURE (LSH-CT-2006-037315).



40

References

Csaba Z, Pirker S, Lelouvier B, Simon A, Videau C, Epelbaum J, 
Czech T, Baumgartner C, Sperk G, Dournaud P. (2005) Somato-
statin receptor type 2 undergoes plastic changes in the human 
epileptic dentate gyrus. J Neuropathol Exp Neurol 64:956–
969.

Douglass J, Grimes L, Shook J, Lee PH, Hong JS. (1991) Syste-
mic administration of kainic acid differentially regulates the levels 
of prodynorphin and proenkephalin mRNA and peptides in the rat 
hippocampus. Brain Res Mol Brain Res 9:79–86.

Du F, Williamson J, Bertram E, Lothman E, Okuno E, Schwarcz R. 
(1993) Kynurenine pathway enzymes in a rat model of chronic 
epilepsy: immunohistochemical study of activated glial cells. Neu-
roscience 55:975–989.

Esclapez M, Houser CR. (1999) Up-regulation of GAD65 and 
GAD67 in remaining hippocampal GABA neurons in a model of 
temporal lobe epilepsy. J Comp Neurol 412:488–505.

Furtinger S, Bettler B, Sperk G. (2003) Altered expression of 
GABAB receptors in the hippocampus after kainic-acid-induced 
seizures in rats. Brain Res Mol Brain Res 113:107–115.

Furtinger S, Pirker S, Czech T, Baumgartner C, Ransmayr G, 
Sperk G. (2001) Plasticity of Y1 and Y2 receptors and neuropep-
tide Y fibers in patients with temporal lobe epilepsy. J Neurosci 
21:5804–5812.

Furtinger S, Pirker S, Czech T, Baumgartner C, Sperk G. (2003) 
Increased expression of gamma-aminobutyric acid type B recep-
tors in the hippocampus of patients with temporal lobe epilepsy. 
Neurosci Lett 352:141–145.

Herdegen T, Sandkuhler J, Gass P, Kiessling M, Bravo R, Zim-
mermann M. (1993) JUN, FOS, KROX, and CREB transcription 
factor proteins in the rat cortex: basal expression and induction 
by spreading depression and epileptic seizures. J Comp Neurol 
333:271–288.

Houser CR, Miyashiro JE, Swartz BE, Walsh GO, Rich JR, Delga-
do-Escueta AV. (1990) Altered patterns of dynorphin immunore-
activity suggest mossy fiber reorganization in human hippocam-
pal epilepsy. J Neurosci 10:267–282.

Kapur J. (1999) Status epilepticus in epileptogenesis. Curr Opin 
Neurol 12:191–195. 

Loup F, Wieser HG, Yonekawa Y, Aguzzi A, Fritschy JM. (2000) 
Selective alterations in GABAA receptor subtypes in human tem-
poral lobe epilepsy. J Neurosci 20:5401–5419.

Marksteiner J, Wahler R, Bellmann R, Ortler M, Krause JE, Sperk 
G. (1992) Limbic seizures cause pronounced changes in the ex-
pression of neurokinin B in the hippocampus of the rat. Neuro-
science 49:383–395.

Mathern GW, Mendoza D, Lozada A, Pretorius JK, Dehnes Y, 
Danbolt NC, Nelson N, Leite JP, Chimelli L, Born DE, Sakamoto 

AC, Assirati JA, Fried I, Peacock WJ, Ojemann GA, Adelson PD. 
(1999) Hippocampal GABA and glutamate transporter immu-
noreactivity in patients with temporal lobe epilepsy. Neurology 
52:453–472.

Mazarati A, Lu X, Kilk K, Langel U, Wasterlain C, Bartfai T. (2004) 
Galanin type 2 receptors regulate neuronal survival, susceptibil-
ity to seizures and seizure-induced neurogenesis in the dentate 
gyrus. Eur J Neurosci 19:3235–3244.

Mazarati A, Wasterlain CG. (2002) Anticonvulsant effects of four 
neuropeptides in the rat hippocampus during self-sustaining sta-
tus epilepticus. Neurosci Lett 331:123–127.

Mazarati AM, Liu H, Soomets U, Sankar R, Shin D, Katsumori H, 
Langel U, Wasterlain CG. (1998) Galanin modulation of seizures 
and seizure modulation of hippocampal galanin in animal models 
of status epilepticus. J Neurosci 18:10070–10077.

McNamara JO. (1999) Emerging insights into the genesis of epi-
lepsy. Nature 399:A15–22.

Moneta D, Richichi C, Aliprandi M, Dournaud P, Dutar P, Billard 
JM, Carlo AS, Viollet C, Hannon JP, Fehlmann D, Nunn C, Hoyer 
D, Epelbaum J, Vezzani A. (2002) Somatostatin receptor subt-
ypes 2 and 4 affect seizure susceptibility and hippocampal exci-
tatory neurotransmission in mice. Eur J Neurosci 16:843–849.

Morimoto K, Fahnestock M, Racine RJ. (2004) Kindling and sta-
tus epilepticus models of epilepsy: rewiring the brain. Prog Neu-
robiol 73:1–60.

Pirker S, Czech T, Baumgartner C, Maier H, Novak K, Furtinger S, 
Fischer-Colbrie R, Sperk G.
(2001) Chromogranins as markers of altered hippocampal cir-
cuitry in temporal lobe epilepsy. Ann Neurol 50:216–226.

Pirker S, Schwarzer C, Czech T, Baumgartner C, Pockberger H, 
Maier H, Hauer B, Sieghart W, Furtinger S, Sperk G. (2003) In-
creased expression of GABA(A) receptor beta-subunits in the 
hippocampus of patients with temporal lobe epilepsy. J Neuropa-
thol Exp Neurol 62:820–834.

Rizzi M, Perego C, Aliprandi M, Richichi C, Ravizza T, Colella D, 
Veliskova J, Moshe SL, De Simoni MG, Vezzani A. (2003) Glia 
activation and cytokine increase in rat hippocampus by kainic 
acid-induced status epilepticus during postnatal development. 
Neurobiol Dis 14:494–503.

Schwarzer C, Sperk G. (1995) Hippocampal granule cells ex-
press glutamic acid decarboxylase67 after limbic seizures in the 
rat. Neuroscience 69:705–709.

Sperk G. (1994) Kainic acid seizures in the rat. Prog Neurobiol 
42:1–32.

Sperk G. (2007) Changes in GABAA receptors in status epilepti-
cus. Epilepsia 48 Suppl 8:11–13.



41

Sperk G, Lassmann H, Baran H, Kish SJ, Seitelberger F, Hornyki-
ewicz O. (1983) Kainic acid induced seizures: neurochemical and 
histopathological changes. Neuroscience 10:1301–1315.

Sperk G, Marksteiner J, Gruber B, Bellmann R, Mahata M, Ortler 
M. (1992) Functional changes in neuropeptide Y- and somato-
statin-containing neurons induced by limbic seizures in the rat. 
Neuroscience 50:831–846.

Sperk G, Schwarzer C, Heilman J, Furtinger S, Reimer RJ, Ed-
wards RH, Nelson N. (2003) Expression of plasma membrane 
GABA transporters but not of the vesicular GABA transporter in 
dentate granule cells after kainic acid seizures. Hippocampus 
13:806–815.

Szabo G, Kartarova Z, Hoertnagl B, Somogyi R, Sperk G. (2000) 
Differential regulation of adult and embryonic glutamate decar-
boxylases in rat dentate granule cells after kainate-induced lim-
bic seizures. Neuroscience 100:287–295.

Vezzani A, Schwarzer C, Lothman EW, Williamson J, Sperk G. 
(1996) Functional changes in somatostatin and neuropeptide Y 
containing neurons in the rat hippocampus in chronic models of 
limbic seizures. Epilepsy Res 26:267–279.

Vezzani A, Sperk G. (2004) Overexpression of NPY and Y2 re-
ceptors in epileptic brain tissue: an endogenous neuroprotective 
mechanism in temporal lobe epilepsy? Neuropeptides 38:245–
252.

Vezzani A, Sperk G, Colmers WF. (1999) Neuropeptide Y: emer-
ging evidence for a functional role in seizure modulation. Trends 
Neurosci 22:25–30.

Fachkurzinformation zu Inserat ZONEGRAN Seite 4

ZONEGRAN® 25 / 50 / 100 mg Hartkapseln. Pharmazeutischer Unternehmer: Eisai Ltd., London, UK Zusammensetzung: Eine Zonegran® Hartkapsel 
enthält 25 / 50 / 100 mg Zonisamid. Sonstige Bestandteile: Kapselinhalt: mikrokristalline Cellulose, hydriertes pflanzliches Öl, Natriumdodecylsulfat; Kapsel-
hüllen: Gelatine, Titandioxid (E 171), Schellack, Propylenglykol, Kaliumhydroxid, Eisen (II,III)-oxid (E 172); Zonegran® 100mg zusätzlich: Allurarot AC (E 
129), Gelborange S (E 110). Anwendungsgebiete: Zonegran® ist indiziert als Zusatztherapie für die Behandlung erwachsener Patienten mit partiellen Anfällen 
mit oder ohne sekundäre Generalisierung. ATCCode: N03A X15. Gegenanzeigen: Überempfindlichkeit gegenüber Zonisamid, gegenüber einem der sonstigen 
Bestandteile oder gegenüber Sulfonamiden. Schwangerschaft und Stillzeit: Zonegran® darf nicht während der Schwangerschaft verwendet werden, es sei 
denn, dies ist eindeutig erforderlich, und nur, wenn davon ausgegangen wird, dass der potenzielle Nutzen das Risiko für den Fötus rechtfertigt. Der Bedarf einer 
antiepileptischen Therapie muss bei Patientinnen, die planen schwanger zu werden, erneut überdacht werden. Wird Zonegran® verordnet, wird eine sorgfältige 
Überwachung empfohlen. Abgabe: Rezept- und apothekenpflichtig, NR. Warnhinweise und Vorsichtsmaßnahmen für die Anwendung, Wechselwirkungen, 
Nebenwirkungen, Gewöhnungseffekte und Dosierung entnehmen Sie bitte der veröffentlichten Fachinformation. EISAI GmbH Niederlassung Österreich, 
Saturn Tower, Leonard Bernstein-Str. 10, A-1220 Wien, kontakt_wien@eisai.net, www.eisai.at Stand: Oktober 2007.



42

Kainic acid model (rat) TLE (humans) Ref

acute (status) chronic (epilepsy)

Parameters of GABA-ergic transmission

Glutamate decarboxylase (GAD67, GD65)

Enzyme activity ↓ ↑ Nd 1
mRNA ↑ ↑ ↑ 2,3

Histochemistry sprouting
sprouting

Ectopic expression

in mossy fibers + + + 4

Vesicular GABA transporter - - -
GAT-1 (molecular layer) ↑ ↑ ↑ 3,5
GABAB receptors in dentate gyrus
Subunit α1 ↑ ↑ ↓ 6-8
Subunit α2 ↓ ↑ ↑ 6-8
Subunit α3 - - ↑ 6-8
Subunit α4 - ↑ (↑) 6
Subunit α5 ↓ - ↑ 6

Subunit β2 ↑ ↑ ↑↑ 6,7
Subunit β3 - ↑ ↑↑ 6,7

Subunit γ2 - ↑ ↓ 6-8
Subunit δ ↓↓ ↓↓ ↑ 6

GABAB receptors in dentate gyrus
GABABR.1 and GABABR-2 ↓ (↑) ↑ 9,10

Parameters of peptidergic-ergic transmission
Dynorphin
Dentate gyrus (granule cells) ↓ ↓ ↑↑ 11-13
Neuropetide Y (mRNA/peptide)
Dentate gyrus

Interneurons ↑/↓ ↑/↑ ↑/↑ (cell loss) 14
Mossy fiber ↑/- ↑/↑ -/- 14-16
CA1/Subiculum ↑/- ↑/↑ (pyramidal neurons) ↑/↑ (interneurons) 18

Y2 receptors (mossy fibers) ↑ ↑ ↑ 16

Somatostatin
Dentate gyrus ↑/↓ ↑/↑ ↑/↑ (cell loss) 14

CA1/Subiculum ↑/- ↑/↑ (interneurons pyr. neurons) ↑ (interneurons), sprouting) 18

SSR-2 receptors ↓ ↓ ↑ 19,20

Neurokinin B (dentate granule cells ↑ ↑ nd 21
Galanin (dentate granule cells ↑ nd 22,23

Table 1. Parameters of GABA-ergic and peptidergic neurotransmission altered after kainic acid induced status epilepticus and in temporal 
lobe epilepsy

↑ increased; ↓ decreased; -, not altered; +, induced. 

References: 1. Sperk et al., 1983; 2. Esclapez and Houser, 1999; 3. Sperk et al., 2003; 4. Schwarzer and Sperk, 1995; 5. Mathern et al., 
1999; 6. Sperk, 2007; 7. Pirker et al., 2003; 8. Loup et al., 2000; 9. Furtinger et al., 2003; 10. Furtinger et al., 2003; 11. Douglass et al., 
1991; 12. Houser et al., 1990; 13. Pirker et al., 2001; 14. Sperk, 1994; 15. Sperk et al., 1992; 16. Vezzani et al., 1999; 17. Vezzani and 
Sperk, 2004 18. Drexel, in preparation; 19. Moneta et al., 2002; 20. Csaba et al., 2005; 21. Marksteiner et al., 1992; 22. Mazarati et al., 
1998; 23. Mazarati et al., 2004.
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STATUS EPILEPTICUS IN THE 
DEVELOPING BRAIN; LONG TERM 
EFFECTS SEEN IN HUMANS

Rod C Scott
Institute of Child Health, Great Ormond Street Hospital NHS 
Trust and the National Centre for Young People with Epilepsy, 
London, UK

Convulsive status epilepticus (CSE) is the most common neu-
rological emergency in childhood with an incidence of 18-
20/100,000/year in children <16 years of age1. CSE is associ-
ated with adverse outcomes including increased mortality as well 
as increased rates of subsequent epilepsy, cognitive impairments 
and behavioural disorders2. The relationships between aetiology 
of CSE, the impact of CSE itself and these long term outcomes 
will be discussed. 

There is enormous variability in the estimates of frequencies for 
outcomes following CSE in children; estimates for mortality ran-
ge from 0-43%, for subsequent epilepsy from 3.5 to 100% and 
for cognitive/behavioural disorders from 0-83%2. It is unlikely 
that this extreme variability is entirely due to biological effects. 
A systematic review of the literature relating to outcomes from 
childhood CSE revealed that the estimates of all adverse outco-
mes are lower in higher quality studies supporting the view that 
CSE may not be as harmful as previously suggested2. However, 
even the lower estimates are likely to be important and deserve 
investigation. 

Mortality
In the studies of highest quality, the short term mortality is bet-
ween 2.7% and 5.2%3-8. The most important factor associated 
with mortality is aetiology and the evidence for increased case 
fatality in children with longer seizures is weak and usually con-
founded by aetiology. Children with symptomatic CSE are most 
likely to die1;9 and those with prolonged febrile seizures or idio-
pathic CSE are very unlikely to die within 30 days of the acute 
event6;10. Long term case fatality (up to 10 years after the event) 
is approximately 3% in children who survived for at least 30 days 
after the CSE11. Children that had their CSE when they were 
under the age of 1 year had a long term mortality of about 16%. 
Again, it was the children with symptomatic CSE that were most 
likely to die. No standardised mortality ratios have been reported 
for children who have had CSE; a statistic that will help in the 
understanding of whether CSE has long term implications for 
mortality. Therefore, although there is a mortality associated with 
CSE it is primarily determined by aetiology and not by seizure 
length.

Subsequent Epilepsy
Focal epilepsies are the most common epilepsies identified in 
children who have had an episode of CSE3;12;13, although genera-
lised epilepsies, infantile spasms and Lennox-Gastaut Syndrome 
have all been reported3;12;14. The overall rate of epilepsy following 
a first seizure that lasts at least 30 minutes is 25-40% 5;6 which is 
similar to the 37% risk of subsequent epilepsy reported following 
a first short seizure15;16. Again, the risk is highest in the subgroup 

with acute symptomatic CSE. Thus, the overall risk of epilepsy 
is not dependent on the length of the initial seizure and is more 
likely to be related to the cause. 

The risk of epilepsy following prolonged febrile seizures (the 
most common type of CSE in children) is estimated to be bet-
ween 4 and 21%17;18. The relationship between prolonged febrile 
seizures and later temporal lobe epilepsy associated with mesial 
temporal sclerosis (MTS) is important as if this relationship were 
causative then the incidence of epilepsy following a prolonged 
febrile seizure could potentially be reduced by intervening with 
neuroprotective and/or antiepileptogenesis strategies2. There is 
wealth of evidence from animal models supporting the view that 
CSE can cause hippocampal injury that matures into a disorder 
resembling human MTS. In humans there is evidence for acute 
hippocampal injury following prolonged febrile seizure19-22 and 
some data suggesting that early magnetic resonance imaging 
findings may provide a biomarker for permanent hippocampal 
injury23. Although the retrospective data from epilepsy surgery 
programmes provide evidence for a relationship between pro-
longed febrile seizure and MTS24;25, prospective evidence is still 
poor although there are ongoing studies which could provide the 
required definitive evidence. 

Cognitive / Behavioural Problems
This is an area that has so far been under-researched and only 2 
reported studies have used standardised neuropsychological tes-
ting in a systematic way17;18. Cause, again, emerges as the main 
determinant of these morbidities. Although adverse outcomes 
have also been associated with longer seizure durations and with 
younger age at the time of CSE26-28, it is uncertain whether these 
effects are independent of aetiology. There are long term adver-
se social and educational outcomes in children with epilepsy. In 
one study, which was prospective, there was no additional impact 
of CSE7;29 whilst in another study which was retrospective and 
hospital based, the major determinant of IQ in children with “ge-
neralised idiopathic epilepsy” was a history of CSE29. 

Therefore, further work that defines the relationships between 
long term outcomes, aetiology and CSE is required before stra-
tegies that minimise the adverse outcomes following CSE can 
be devised. This is likely to be most rigorously carried out by sys-
tematic long term prospective follow-up of population based co-
horts of children who have had an episode of CSE. 
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How useful is EEG and EEG  
monitoring in the acutely ill 
and how to interpret it?

Richard P. Brenner
University of Pittsburgh Medical Center, Department of Neurology, 
Pittsburgh, USA

Emergency EEGs are most often requested in patients with acu-
te alterations in mental status. The EEG may indicate that a dif-
fuse CNS disorder, a focal process, or ongoing seizure activity, 
often without motor manifestations, such as nonconvulsive status 
epilepticus (NCSE), is responsible for the clinical presentation. 
EEG findings in encephalopathies include diffuse slowing of 
background rhythms (the most common finding), frontal intermit-
tent rhythmic delta activity (FIRDA) and triphasic waves (TWs), a 
pattern present in a variety of metabolic encephalopathies, most 
commonly hepatic failure. Other patterns include an alpha-theta 
coma pattern, a spindle coma pattern, periodic patterns, such as 
periodic epileptiform discharges (PEDs) that can be lateralized or 
generalized, and a burst-suppression pattern. Findings, such as 
focal polymorphic delta activity or localized attenuation of faster 
frequencies, suggest a focal lesion. The EEG can be helpful in 
making a diagnosis, contribute to an established diagnosis, as 
well as ruling out a diagnosis. It can aid in prognostication, parti-
cularly if the etiology is known, and in the treatment of epileptic 
disorders (Varelas et al., 2003; Firosh Khan et al., 2005; Praline 
et al., 2007).

The possibility of status epilepticus (SE), particularly NCSE, is 
the primary indication for an emergent or stat EEG (Quigg et 
al., 2001; Benbadis, 2008). These patients are often obtunded 
or comatose, and frequently there is no clear etiology of coma 
or the mental status changes. Because of the spectrum of EEG 
ictal patterns and the diversity of clinical presentations, “Is it non-
convulsive status epilepticus (NCSE)?” is often a difficult ques-
tion for an electroencephalographer to answer, particularly in an 
ICU setting (Brenner, 2002). Although an EEG is required for 
diagnosis, criteria for NCSE are controversial in obtunded/coma-
tose patients. In addition, the diagnosis is often delayed due to 
of the absence of motor findings, or if findings are present, they 
often consist of subtle facial, limb or nystagmoid movements and 
diagnosis is often delayed (Drislane et al., 2008). The situation 
is clearer in ambulatory, confused patients with NCSE (“walking 
wounded”), as in absence status epilepticus or complex partial 
status, than it is in the “ictally comatose” ( Walker, et al., 2005).

In critically ill patients with marked mental status changes, and 
frequent nonconvulsive seizures (NCS), defined as electrogra-
phic discharges lasting greater than 10 seconds and evolving 
with changes in frequency, amplitude and distribution, the diag-
noses of NCSE is relatively straight forward. In contrast to EEG 
discharges that show a clear evolution, there are a number of 
periodic EEG patterns, such as periodic lateralized epileptiform 
discharges (PLEDs), bilateral independent PLEDs (BIPLEDs), 
generalized periodic epileptiform discharges (GPEDs), as well 
as triphasic waves (TWs), and stimulus-induced rhythmic periodic 
or ictal discharges (SIRPIDs) reported as being associated with 

NCSE (Kaplan, 1999; Brenner, 2004; Hirsch et al., 2004; Kaplan, 
2007), that are controversial, particularly as to whether or not they 
are ictal. Although often interictal, at times they can represent 
an ictal pattern. Furthermore, these periodic discharges are not 
specific and like NCSE can occur in toxic-metabolic encephalo-
pathies, degenerative disorders, CNS infections, following anoxia 
or after convulsive seizures (Treiman et al., 1990; Brenner, 2005). 
Where these periodic patterns fit in an ictal-interictal continuum, 
and which patterns warrant aggressive treatment, is uncertain 
(Chong and Hirsch, 2005). This has lead to a concerted effort 
by a number of North American neurophysiology centers to help 
standardize nomenclature, create a central database and perform 
multicenter studies to help answer these questions (Hirsch et al., 
2005; Gerber et al., 2008)).

Faster frequency generalized discharges (greater than 2.5-3 Hz) 
are more consistent with an ictal pattern than are slower ones 
(Young et al., 1996; Chong and Hirsch, 2005; Kaplan, 2007)). 
However, the EEG alone often cannot answer whether or not 
the patient is in status, and needs to be interpreted in the clini-
cal context (Korabathina and Benbadis, 2007). A test dose of a 
benzodiazepine can sometimes be useful to indicate if the patient 
is in NCSE, particularly if there is a good clinical response or 
marked improvement of the EEG. Unfortunately, some EEG pat-
terns, including TWs due to hepatic or renal encephalopathy, may 
improve as well (Fountain and Waldman, 2001). Furthermore, alt-
hough treatment may improve the EEG, with resolution of the 
epileptiform activity, the patient often does not improve clinically, 
perhaps because of the underlying brain disorder or the sedative 
effects of the drug. Failure to improve following treatment does 
not mean that the patient is not in SE; rather, no conclusion can 
be reached regarding the presence or absence of NCSE (Jirsch 
and Hirsch, 2007). 

With advances in computer technology, storage capacity, networ-
king and telecommunications, the use of EEG in evaluating acu-
tely ill patients in the ICU has increased considerably. The goal of 
continuous EEG (CEEG) monitoring, which consists of prolonged 
EEG monitoring, often in conjunction with digital video recording, 
is to help detect and protect patients with an acute brain injury 
from secondary injuries, such as seizures or cerebral ischemia. 
Indications include: identification of NCS, the most common type 
of seizure in the ICU or NCSE, characterization of clinical spells, 
detection of ischemia, management of a burst-suppression pat-
tern, monitoring treatment and prognosis (Claassen et al., 2004). 
The most frequent use of CEEG involves monitoring seizures, 
as well as status epilepticus. Monitoring for 24 hours is probab-
ly adequate to detect seizures in noncomatose patients without 
PEDs; longer periods (48 hours) may be required for comatose 
patients (Claassen et al., 2004). Following successful treatment 
of SE, monitoring should be continued for 24 hours, as some 
patients will have seizures, or go back into status (DeLorenzo, et 
al., 1998). 

Since monitoring for several days generates gigabytes of data, 
quantitative EEG tools are helpful in reducing the raw EEG data 
to review. There are a number of programs utilizing quantitative 
EEG (QEEG), to help identify seizures and trends (Scheuer and 
Wilson, 2004). Fig.1 is a 1 hour QEEG displaying 5 seizures in a 
71 year-old man, while Fig. 2 A,B, and C show the raw EEG data 
during the 4th seizure.
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What does the future hold for CEEG? Real time monitoring will 
improve, as will remote monitoring via cell phones and technology 
yet to be realized. There will be increased automation, including de-
tection and notification alerts. However, at present CEEG is tech-
nically difficult, time-consuming and expensive (Fountain, 2007). 
Identifying those conditions in which CEEG is most cost- effective 
and results in better outcomes needs to be determined.
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Figure 1. 

Figure 2.

FIGURE LEGENDS

Figure1. A one hour QEEG display in a 71- year -old man having 
seizures.

The top two panels (left hemisphere and right hemisphere elect-
rodes respectively) are rhythmic run detectors that display rhyth-
micity from 1-24 Hz that becomes darker when there is rhythmic 
or periodic activity, and will show a dark band at the frequency of 
the rhythmic pattern. This allows detection of evolution at times 
as well (via a diagonal line as the dominant rhythmic frequency 
gradually changes). Five right-sided seizures are shown (arrows). 
The most striking fi nding in this graphical display of EEG activity 
is that there marked periodic changes evident across multiple 
panels simultaneously.

The third and fourth panels also represent the left and right he-
mispheres. Time is shown along the x axis, frequency on the y-
axis (0-20 Hz), and power in the z axis, with power shown on a 
color scale where the highest power is white, followed by pink 
and red (see color scales in the upper right of each panel. There 
are bursts of power on the right during the seizures (4th panel).

The 5th panel measures symmetry. The asymmetry index shows 
total absolute asymmetry in yellow. This measure goes up with 
asymmetry in any frequency or direction. The green relative 

asymmetry tracing shows laterality: downgoing indicates more 
power on the left, and upgoing on the right. Note in this case 
the green tracing is upgoing during the seizures, indicating more 
power on the right.

The 6th panel in red and blue is an asymmetry spectrogram. It 
shows asymmetry at each frequency from 1-18 Hz averaged over 
the entire hemisphere. Red means more power on the right in 
that frequency, while blue indicates more power on the left. Du-
ring the seizures, the right hemisphere becomes dominant. 

The seventh and eighth panels represent the amplitude-integ-
rated EEG (aEEG), for a single left (F3-C3) and right channel 
(F4-C-4). There is an increase in amplitude on the right during 
the seizures.

The bottom panel does not show anything in this case. It is often 
helpful in those cases in which suppression is occurring.

Figure 2 A, B, C. The EEG of the 4th seizure (cursor line -Figure 
1A) begins with right-sided beta activity (A), slows to the alpha 
frequency (B) and ends with delta activity(C).

IL15

Basic physiology of 
burst-suppression

Florin Amzica
University of Montreal, School of Dentistry, Montreal, Canada

Burst-suppression (BS) is an electroencephalographic (EEG) pat-
tern consisting of alternative periods of slow waves of high amp-
litude (the burst) and periods of so-called fl at EEG (the suppres-
sion) (Swank and Watson, 1949). It is generally associated with 
comatose states of various etiologies (hypoxia, drug-related intoxi-
cation, hypothermia, childhood encephalopaties, but also anesthe-
sia). It has been extensively studied at the EEG level (see review 
by Brenner, 1985, also this issue), but only sparse information is 
available with respect to the cellular and ionic mechanisms under-
lying its patterns. Some of the most fascinating questions pertain 
to the genesis of bursts: are they truly spontaneous, who trigger 
them, what mechanism dictates their quasi-periodicity? Moreover, 
in clinical practice bursting activities during BS are often associ-
ated with jerks resembling those present during epileptic fi ts. Is 
there any common link to known seizure mechanisms?
At the cortical level, EEG bursts are always associated with pha-
sic synaptic depolarizing intracellular potentials, occasionally 
crowned by action potentials, in virtually all recorded neurons 
(Steriade et al., 1994). The same study has shown that suppres-
sion episodes are due to absence of synaptic activity among cor-
tical neurons. However, it was also shown that some thalamocor-
tical neurons display a rhythmic activity in the frequency range of 
delta oscillations (1-4 Hz) during suppressed periods. Recently 
we have further shown that BS represents a distinct behavioral 
frame during which the cortical network is in a hyperexcitable 
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state and that bursting activity may be triggered by subliminal 
stimuli (Kroeger and Amzica, 2007).
The cortical hyperexcitability was demonstrated under various 
anesthetics ranging from those enhancing Cl- inhibition (propo-
fol, barbiturates) to those boosting glutamate uptake (isoflurane). 
In the latter case, hyperexcitability resulted from the reduction 
of cortical inhibition (Ferron et al., 2009) which was corrobora-
ted with an outburst of extracellular Cl-, probably reflecting the 
lesser activity of GABAA inhibitory synapses. It results that the 
excitatory-inhibitory balance leans toward the excitation. The 
bursting process is limited in time because bursting activity is 
accompanied by a depletion of extracellular cortical Ca2+ at le-
vels that are incompatible with synaptic transmission. This gene-
rates an overall disfacilitation in cortical networks (Kroeger and 
Amzica, 2007), which ultimately is responsible for the arrest of 
neocortical neuronal activities and the ensuing flat EEG. During 
suppression, the synaptic silence allows neuronal pumps to res-
tore interstitial Ca2+ levels at control levels. At this moment, any 
external (or intrinsic) signal is able to trigger a new burst in the 
hyperexcitable cortex.
Thus the pseudo-rhythmicity of the burst-suppression pattern is 
dictated by the degree of extracellular Ca2+ depletion and the 
ability of neurons to restore this concentration. These phenome-
na are modulated by the general state of the nervous system, 
therefore the etiology and the seriousness of the condition. As 
coma deepens, bursting episodes become shorter, while the op-
posite happens to the suppression, leading eventually to conti-
nuous isoelectric EEG. The impaired ability of the central nervous 
system to keep extracellular Ca2+ ions at normal levels might be 
precipitated by the fact that, at least as demonstrated with isoflu-
rane, the permeability of the blood-brain barrier is compromised 
during BS (Tétrault et al., 2008).
An interesting issue concerns the similarity between symptoms as-
sociated with bursts during BS and spike-wave seizures. Moreover, 
both occur on a background of impaired inhibition. This calls for 
one of the two possibilities: either BS is included in the already 
complex syndrome of epilepsies (with complicating issues regar-
ding mechanisms and curative strategies), or it is regarded as dis-
tinct processes with distinct mechanisms. The latter alternative is 
supported by the fact that volatile anesthetics (isoflurane in parti-
cular) are used to counteract status epilepticus, further suggesting 
that bursts of BS do not reflect an epileptic pathology.
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What is the relative value of 
the standard anticonvulsants: 
phenytoin and fosphenytoin, 
phenobarbital, valproate, and 
levetiracetam? 

Eugen Trinka
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Status epilepticus (SE) is a serious epileptic condition associa-
ted with significant morbidity and mortality that requires prompt 
medical management. Outcome is largely contingent on the age 
of the patient, the etiology and duration of the condition befo-
re treatment with antiepileptic drugs (AEDs) (Delorenzo et al., 
1999;Towne et al., 1994). Treatment is evolving as new medica-
tions become available. This summary will give a brief overview 
on the use of phenytoin (PHE) fosphenytoin(fPHE), valproic acid 
(VPA), phenobarbital (PB), and levetiracetam (LEV) in genera-
lised convulsive status epilepticus(GCSE). 

Currently used first line AEDs:Benzodiazepines
First-line treatment for GCSE is intravenous (IV) administration of 
4 mg of lorazepam or 10 mg of diazepam directly followed by 15-
18 mg/kg of phenytoin or equivalent fosphenytoin (Meierkord et 
al., 2006) (Alldredge et al., 2001) (Prasad et al., 2005;Prasad et 
al., 2007;Treiman et al., 1998). The advantage of lorazepam over 
diazepam or midazolam is its long lasting clinical effect, determi-
ned by the pharmacological properties of the drug. Diazepam is 
more lipophilic and is subject to extensive redistribution decrea-
sing the concentration of diazepam in the brain (Trinka, 2009). 
However, clonazepam has similar pharmakokinetic properties like 
lorazepam and is also widely used in some european countries, 
but comparative studies are not available. There is wide agree-
ment that any recommendation of first line treatment in SE in-
cludes lorazepam, depending of the availability in the given coun-
try (Shorvon et al., 2008). Results from two large randomised 
controlled trials investigating the efficacy of treatments in first 
stage of SE reveal, that the most effective drug, lorazepam, was 
successful in 65% and 59% of the treated patients (Treiman et 
al., 1998) (Alldredge et al., 2001). Therefore at least one third of 
patients with SE will need a second stage treatment, but there 
are virtually no adaequate studies available comparing different 
treatment regimens. 

Phenytoin and Fosphenytoin
The main advantage of PHE is the lack of a sedating effect. 
However, a number of potentially serious adverse effects may oc-
cur. Arrythmias and hypotension have been reported, particularly 
in patients older than 40 years (Cranford et al., 1978;Cranford 
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et al., 1979). In addition, local irritation, phlebitis and dizziness 
may accompany IV administration of PHE. Though intravenous 
PHE was available since 1956 (Carter, 1958), but it was not until 
1968 when adaequate doses were used to succesfully treat SE 
(Wallis et al., 1968). Although experience is used as an agrument 
in favour for PHE, there are only six studies available as full paper 
including 595 patients (adults and children) (McWilliam, 1958) 
(Leppik et al., 1983) (Wallis et al., 1968) (Wilder et al., 1977) (von 
Albeert, 1983) (Treiman et al., 1998). The overall success rate 
ranged between from 44% in the randomised controlled study, 
up to 90% in the uncontroled studies. Notably PHE was not al-
ways used after BDZ had failed. In most studies it was used in 
the first stage. 
The water soluble prodrug of PHE, fosphenytoin (fPHE), is ap-
proved for SE since 1996 (FDA). Although it partially overcomes 
some of the major problems of PHE (e.g. local irritation), it is 
highly expensive and many hospital formulary committees are 
unwilling to pay the difference.

Phenobarbital
Is one of the oldest AEDs still in clinical use, but its value in the 
treatment of SE is controversially discussed. Phenobarbital (PB) 
has fallen from favour in many countries across Europe because 
of anecdotal evidence of hypotension, arrhythmias and hypopnea. 
In fact there are only very limited studies available assessing the 
efficacy of PB in SE. Shaner et al.(Shaner et al., 1988) compa-
red prospectively the efficacy of 18 patients treated with PB and 
18 patients treated with PHT+DZP. PB was given at a dose of 
100mg/minute until 10mg/kg had been reached. Sixteen of 18 
patients (89%) were rapidly controlled with PB although 2 of 
them received additional PHT. The mean time to control seizures 
with PB was 5 minutes compared to 9 minutes with PHE+DZP. 
Two of 18 patients (11%) with PB had. Hypotension and 1/18 
had arrhythmias. PB was also used as one of four treatemnts in 
the VA study (Treiman et al., 1998). In this study 15mg/kg PB at 
100mg/min controlles 58% of patients with verifyed diagnosis 
and 24% of patienst with subtle status. There was no difference 
in efficacy compared to the lorazepam group. Though adverse 
events with PB were frequent with 34% hypotension, 13% hypo-
ventilation and 3% arrhythmias, there was no difference compa-
red to the other treatment groups. In the VA study serum levels 
of 31.2±37.2µg/ml were achieved after infusion. Serum levels of 
70µg/ml or above will compromise the level of consciousness 
in almost all patients and might therefore contribute to postictal 
coma. The polypropylene solvent may cause local irritation, ne-
crosis or hemolysis and infusion syndrom after prolonged use. Its 
use in established status epilepticus is widely accepted (Shorvon 
et al., 2008). 

Valproate
The availability of IV valproate (VPA) since the 1980s provides 
an interesting alternative, since PHE/fPHE cannot be used in all 
patients, including those with allergic reaction to PHE and some 
forms of progressive myoclonus epilepsy. In addition elderly pa-
tients and cardiorespiratory instable patients may be at increa-
sed risk for adverse reactions due to PHE/fPHE (Cranford et 
al., 1978). A number of studies on IV VPA used to control various 
types of SE (GCSE, partial NCSE, status myoclonicus, absence 
status) in a variety of patient populations, ranging from children 
to elderly patients with cardiovascular instability, showed a low 
incidence of adverse events especially no hemodynamic adverse 

effects (Sinha and Naritoku, 2000), even when VPA was admi-
nistered at higher than recommended infusion rates (Wheless 
et al., 2004) (Venkataraman and Wheless, 1999) (Limdi et al., 
2005;Limdi et al., 2007;Limdi and Faught, 2000). To date  there 
are 19 prospective or retrospective series and 3 randomised 
open trials published including 633 adults or children (recently 
reviewed in (Trinka, 2007b)). These studies suggest that IV VPA 
is as effective as PHE/fPHE in resolving SE in patients who have 
previously failed conventional first-line therapies such as benzo-
diazepines. Success rate between 60% and 83% have been re-
ported. In around 75% of cases, seizure control was achieved du-
ring valproate infusion or within twenty minutes. Three rececent 
randomised comparative trials from India deserve some further 
comments. One study compared IV VPA with IV PHE as first line 
treatment (Misra et al., 2006). The results are in favour for IV VPA 
(66% vs. 42%), but the study suffers from low statistical power 
(calculated 95% CI were [50-81%] vs. [26-59%]; number nee-
ded to treat 4.3 [2.2-429.9]) and inappropriate use of one sided 
t-test (Rossetti, 2007). Another study investigated 40 children 
with refractory SE (aged 5-12 years) (Mehta et al., 2007). Initial 
treatment for all children was IV DZP (0.2 mg/kg) followed by IV 
PHE (20 mg/kg followed by an additional 5-10 mg/kg if seizures 
did not stop) if necessary. Non responders were randomized to IV 
VPA (30 mg/kg over 2-5 min., followed as needed by a 10 mg/
kg bolus 10 min. later, then by infusion at 5 mg/kg/hr) or DZP 
infusion (at 10 μg/kg/min, increased every 5 min. if seizures 
continued, until control or 100 μg/kg/min was reached). Treat-
ment failures received thiopental. The reported success rates of 
80% (VPA) and 85% (DZP). Ther was a significant (p<0.01) ad-
vantage of VPA regarding the central depressant effects. While 
none of the children in the VPA group had arterial hypotension 
or hypopnea leading to ventlatory support, 60% of those in the 
DZP group required ventilation. 50% had hypotension and 40% 
required vasopressors. 95% of patients treated with IV DZP were 
admitted to the ICU, while only 55% of the VPA treated child-
ren needed intensive care. Though there was no difference in 
the efficacy there was a clear advantage of VPA compared to 
DZP in safety measures. Another study compared IV VPA with IV 
PHE treatment after BDZ have failed (Agarwal et al., 2007). 50 
patienst were randomised and according to the publication ma-
ched. The success rate was 88% with VPA and 84% with PHE. 
Ther was no difference in efficacy or adverse effects between 
the treatment groups. 
The most commonly reported effective doses were between 15 
and 45mg/kg in bolus (6mg/Kg/min) followed by 1 mg/kg/h 
infusion. The incidence of adverse events (mainly hypotension, 
dizziness and thrombocytopenia) was low (less than 10%) and 
independent of infusion rate. Only few cases of acute VPA en-
cephalopathy were reported (Embacher et al., 2006) and the 
pharmacovigilance data reveal no increased incidence of ence-
phalopathy with the IV use (sanofi aventis data on file; personal 
communication). This issue has to be carefully adressed in future 
studies.
Though adaequate RCTs are missing, consensus guidelines pro-
duced in Belgium (van Rijckevorsel et al., 2005), Spain (Serrano-
Castro et al., 2005) and Germany (Kramer et al., 2005;Kurthen 
et al., 2008) recommend the use of intravenous valproate as an 
alternative second-line treatment to phenytoin in patients with SE 
who fail to respond to intravenous benzodiazepines. A recent Eu-
ropean concesus statement listed IV VPA as an option in stage 2 
of convulsive SE, when BDZ have failed (Shorvon et al., 2008). 
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Levetiracetam
In 2006, an intravenous (IV) formulation of LEV has been appro-
ved for the treatment of patients with epileptic seizures who are 
temporary unable to swallow. Moreover it allows the clinician a ra-
pid titration in seizure emergency situations, like seizure clusters 
or status epilepticus (SE). IV LEV is not licensed for treatment of 
SE, but has been widely used since it was available and several 
open case series are published (Abend et al., 2008;Altenmuller 
et al., 2008) (Farooq et al., 2007;Goraya et al., 2008;Knake et al., 
2007;Ruegg et al., 2008;Schulze-Bonhage et al., 2007) (recently 
reviewed in (Trinka and Dobesberger, 2009). Levetiracetam (LEV) 
has a wide spectrum of action and a favorable pharmacokinetic 
profile. The mechanism of action is unknown but seems to involve 
the synaptic vesicle protein 2A (SV2A). The pharmacodynamic 
mechanisms appear distinct from that of classic AEDs and unre-
lated to known mechanisms of neurotransmission (Surges et al., 
2008). In addition neuroprotective effects have been described 
in animal models (Gibbs et al., 2006). The IV formulation is bio-
equivalent to the oral preparation and it is well tolerated even 
at higher doses and/or at faster infusion rates than proposed 
(Ramael et al., 2006a;Ramael et al., 2006b). 
Open label experience with retrospective case series is accu-
mulating and until now 156 patients who were treated with IV 
LEV for various forms of SE have been reported with an over-
all success rate of 65.4% (Trinka and Dobesberger, 2009). The 
most often used initial dose was 2000-3000 mg per day over 15 
minutes. Adverse events were reported in 7.1%; and were mild 
and transient.
Although IV LEV is an interesting alternative for the treatment of 
SE due to the lack of centrally depressive effects and low potential 
of drug interactions, one has to be aware of the non randomised 
retrospective study design, the heterogenous patient population 
and treatment protocols, as well as the publication bias inherent 
in these type of studies. Only a large randomised controlled trial 
with an adaequate comparator will reveal the efficacy and ef-
fectiveness of this promising new IV formulation. However, in a 
recent consensus document of the ILAE Task Force on Status 
Epilepticus summarising the results of the workshop held at the 
First London Colloquium on Status Epilepticus, IV LEV is listed 
as a “treatment option for the stage of established SE” (Shorvon 
et al., 2008). 

Treatment algorhythms in early and established SE
As it is evident from the few randomised controlled trials in the 
early stage of status epilepticus, lorazepam (LZP), is the most 
effective drug tested in these trials and therefore all available 
evidence based recommendation take this into considerati-
on (Kurthen et al., 2008;Meierkord et al., 2006;Minicucci et al., 
2006;Serrano-Castro et al., 2005;Shorvon et al., 2008;van Ri-
jckevorsel et al., 2005). However LZP was only successful in 
65% and 59% of the treated patients (Treiman et al., 1998) (All-
dredge et al., 2001) and other options as first line treatment, like 
clonazepam were not tested. After failure of LZP only a further 
7.3% will respond to PHE. Effect size for VPA, PB or LEV after 
LZP failure is unknown. Evidence based recommendations for 
the treatment of established status after failure of LZP are not 
available and it has been proposed that treatment options should 
guide the treating physician until data from a RCT will solve the 
question of best treatment in this stage of SE (Kurthen et al., 
2008;Shorvon et al., 2008;Trinka, 2007a). 
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Antiepileptic drugs (AEDs) are first developed as tablets or so-
lid oral dosage forms since a new molecular entity with a small 
molecular weight (<1,000) in which epilepsy is its primary indi-
cation must be efficacious following oral dosing before it can 

be further developed in non-oral formulations. Subsequently, new 
AEDs, primarily those that are water soluble are then formulated 
as intravenous or parenteral preparations and tested or utilized 
for status epilepticus (SE).

Intravenous (iv) administration of antiepileptic drugs (AEDs) pro-
duces the most rapid onset of action, as it is delivered directly 
into the bloodstream and immediately produces maximal plasma 
concentration (C0=Cmax). In addition to its therapeutic value, iv ad-
ministration bypasses absorption and focuses on the disposition 
(distribution plus elimination) and therefore is essential in inves-
tigating the pharmacokinetics (PK) or clinical pharmacology of 
drugs (Bialer, 2007). Consequently due to its direct delivery of 
drugs to the blood, iv injection or infusion is the reference route 
for absolute bioavailability calculations.

Most AEDs exhibit linear (concentration-independent) PK within 
their clinically-relevant doses, namely their plasma concentrations 
increase or decrease proportionally to dose. Thus, the drug’s ma-
jor PK parameters: clearance (CL), apparent volume of distribu-
tion (V) and half-life (t1/2) are not affected by the dose, rate or 
extent of absorption and mode of administration (Bialer & Cloyd, 
1995). Since absorption is dependent on the drug and the drug 
product (formulation), changes in route of administration or in the 
parenteral (extravascular) formulation only affect the extent and 
rate of absorption. In contrast, the three major PK parameters 
(CL, V & t1/2) are intrinsic properties of the AED or the active 
entity which do not change between single and multiple dosing 
and remain constant regardless of the route of administration, as 
long as the drug PK is linear. 

The preferred parenteral preparation is an aqueous solution that 
usually distributes rapidly from the administration site. Hydroal-
coholic, oily or suspension vehicles may be painful following im 
or sc administration, result in slow and sustained absorption and 
unlike aqueous injections cannot be diluted for infusions. Thus, 
non-aqueous vehicles may cause adverse reactions. The four 
major established AEDs phenobarbital (PB), phenytoin (PHT), 
carbamazepine (CBZ) and valproic acid (VPA) per se are water-
insoluble drugs. The same is true for the two benzodiazepines 
diazepam (DZP) and lorazepam (LZP), which are available in pa-
renteral preparations and are the first drugs of choice to treat 
SE.

Diazepam (DZP) injection contains 0.5% DZP in a mixture of 40% 
propylene glycol, 10% alcohol and 50% water for injection at pH 
6.2-7. DZP has a complete oral bioavailability (F=100±14%), low 
total clearance (CL) that is mainly metabolic or hepatic (CL = 
0.38±0.06 mL/min/kg), a volume of distribution (V) of 1.1±0.3 
L/kg and a long half-life (t1/2) of 43±13 h (Greenblatt et al., 1980; 
Friedman and Greenblatt, 1992). DZP is extensively metabolized 
to several active metabolites including desmethyldiazpepam 
(DMD), temazepam (3-OH-DZP) and oxazepam (3-OH-DMD) 
that is a DZP secondary metabolite formed from either DMD or 
temazepam by CYPs 3A4 and 2C19, respectively (Anderson et 
al., 1993). The formation of DMD is mediated by CYP2C19 (ma-
jor) and CYP3A4 and due to its very long half-life (t1/2= 100-150 
h) DMD accumulates in blood to concentrations sevenfold higher 
than DZP (Anderson and Miller, 2002).

Lorazepam (LZP) injection contains 0.2% LZP in a mixture of 40% 
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propylene glycol, 10% alcohol and 50% water for injection. LZR 
has a complete oral bioavailability (F=93±10%), low total clea-
rance (CL) that is mainly metabolic or hepatic (CL=1.1±0.4 mL/
min/kg) and a volume of distribution (V) of 1.3±0.2 L/kg. LZP 
has a half-life shorter than DZP (t1/2=14±15h) due to its threefold 
higher CL (Greenblatt., 1981; Anderson and Miller, 2002). Unlike 
DZP whose metabolism is mediated by CYPs 2C19 and 3A4, LZP 
is extensively metabolized by the hepatic UDP glucuronyltransfe-
rases (UGTs) to LOR-3-O-glucuronide (inactive).
Midazolam (MDZ), a third short-acting benzodiazepine is availa-
ble in a parenteral aqueous preparation and is used for SE treat-
ment. MDZ injection contains 0.5% MDZ hydrochloride in an 
water for injection (buffered to pH=3.3-3.5). MDZ undergoes 
a facile 1,4-benzoidiapzpine ring-opening in an acidic aqueous 
solution to form a benzophenone derivative. Its reverse cyclizati-
on reaction to MDZ occurred in vivo at physiologic pH (pH=7.4) 
and in vitro when an acidic solution was neutralized (Garzone 
and Kroboth, 1989; Lowenstein and Cloyd, 2007). MDZ has a 
partial oral bioavailability (F=44±17%), due to extensive first-
pass metabolism by intestinal and hepatic CYP3A4. The bioavai-
lability appears to be dose-dependent: 35% to 67% at 15 mg, 
28% to 36% at 7.5 mg, and 12% to 47% at 2 mg oral dose, 
possibly due to saturable first-pass intestinal metabolism (Thum-
mel et al., 1996). MDZ has a high total (metabolic) clearance 
(CL) (CL=6.6±1.8 mL/min/kg), a volume of distribution (V) of 
1.1±0.6 L/kg, and short half-life (t

1/2=1.1±0.6h). The following 
charactering preparation of commercially stable water-soluble 
salts; b) short t1/2 due to the methyl at position 1 on the imidazole 
ring that undergoes CYP-mediated oxidation more rapidly than 
the methylene group at position 4 of the classical benzodiazepine 
nucleus, and c) enhanced potency due to its high affinity to the 
benzodiazepine receptors (Garozne & Kroboth, 1989). MDZ is 
exclusively metabolized by CYP3A4 and therefore has been used 
as a probe for this CYP (Thummel et al., 1996).

The most common treatment protocols for SE specify DZP or 
LZP, as the first drug therapy followed by PHT or fosphenyto-
in (FOS) as a second-line therapy, then phenobarbital (mainly) 
or VPA or general anesthetic (Lowenstein, 2006). The goals of 
pharmacological therapy of SE are to terminate seizures early 
and prevent recurrence. Two recent large clinical studies have 
shown the benefit of early administration of benzodiazepines to 
control SE and then FOS (Claassen et al., 2003; Holtkamp et al., 
2003). Claassen et al. also conducted a meta-analysis on the ad-
vantages and disadvantages of pentobarbital, MDZ and propofol 
that showed that pentobarabital appears to be superior in effec-
tively controlling refractory SE (Classen et al., 2002). When ad-
ministered intravenously all three benzodiazepines rapidly enter 
the CNS and the resulting onset of effect occurs within 1-5 min. 
However, DZP and MDZ quickly redistribute to muscle and fat 
tissue because their lipophlilicity (assessed by the octanol/water 
partitioning) is 4-6 times higher than that of LZP (Lowenstein & 
Cloyd, 2007). However, DZP redistributes rapidly to peripheral 
fats and consequently its clinical effectiveness is limited to 20-30 
min. Therefore, DZP treatment of SE needs to be followed with a 
second drug such as LZP that has a more favorable pharmacoki-
netic profile than DZP and a duration of action exceeding 12 hr. 

Phenobarbital (PB) is a weak acid (pKa=7.3) that is sparingly 
soluble in water (1mg/mL). PB sodium salt (PB-Na) has better 
water solubility than PB per se (free acid) and consequently, has 

been utilized in PB parenteral preparations. Nevertheless, a PB 
injection is not an aqueous solution but contains 20% PB-Na in 
a mixture of 90% propylene glycol and 10% water at pH=10-
11. PB has a complete oral bioavailability (F=100±11%), very 
low total clearance (CL=0.06±0.01 mL/min/kg) that is 75% 
(hepatic) metabolic and 25% renal, a volume of distribution less 
than the total body water (V= 0.54±0.03 L/kg) and a long half-
life (t

1/2=99±18h) (Browne et al., 1985; Anderson, 2002). PB is 
mainly metabolized to two inactive primary metabolites: p-hydro-
xy-PB that is excreted in the urine as free and glucuronide con-
jugate and an N-glucoside conjugate of PB (Anderson, 2002). 
Phenobarbital’s long half-life and the presence of an active me-
tabolite DMD are drawbacks in terms of adverse effects.

The differences between aqueous and hydroalcoholic parenteral 
preparations of AEDs are best illustrated by the development of 
FOS. FOS is a disodium phosphate ester of 3-hyroxymethyl of 
phenytoin developed as a replacement for standard injectable 
phenytoin sodium. The water solubility of fosphenytoin is 75,000 
mg/L versus only 20 mg/L for phenytoin sodium. Consequently, 
fosphenytoin was designed and developed as an aqueous pa-
renteral prodrug to phenytoin to avoid the local complications 
associated with parenteral phenytoin such as iv fluid incompati-
bilities, patient discomfort, vein irritation/tissue damage and mu-
scle necrosis after im administration. The parenteral preparation 
of phenytoin sodium (50 mg/mL) is a hydroalcoholic mixture of 
40% propylene glycol, 10% alcohol and 50% water with the pH 
adjusted to 12. Fosphenytoin is administered either by iv or im 
route and is rapidly and completely converted enzymatically to 
phenytoin (conversion t

1/2= 3 min in dogs, 1 min in rats) (Browne 
& La Duc, 1995). Admixtures of fosphenytoin solutions diluted 
to phenytoin concentrations of 1, 8 and 20 mg/ml in 0.9% NaCl, 
D5W and other iv fluids were physically compatible and chemi-
cally stable. Clinical studies in adults and children indicate that im 
and iv of fosphenytoin were well tolerated, safe and rapidly and 
completely converted to phenytoin (Bialer et al., 2002). Phenyto-
in or its parenteral prodrug fosphenytoin are also utilized in the 
treatment of SE with a loading dose of 1 g or 20mg/kg adminis-
tered at a maximal rate of 50 mg/min. In the absence of a clinical 
effect, an additional 10 mg/kg is given because many patients 
may require PHT plasma levels of 25-30 mg/L to achieve sei-
zure control. The most common side effects of PHT iv dosing 
are cardiovascular including hypotension and QT prolongation. 
Phenobarbital has been shown to be effective for the treatment 
of SE, but it is considered a third-line drug in the algorithms desi-
gned to treat SE because of its serious adverse effect profile.

Sodium valproate injection (Depacon®) was approved in the US 
in 1996 for intravenous use in epileptic patients for whom oral 
administration of VPA is temporarily not feasible. At a median 
dose of 375 mg administered over 1 hr infusion, sodium valpro-
ate was safe and well tolerated in 318 patients hospitalized for 
seizures (Devinsky et al., 1995; Bialer et al., 2004). Naritoku and 
Mueed demonstrated the safety of an iv (loading) dose of sodium 
valproate when a rapid increase in VPA serum level was required 
to stop recurrent seizures. A mean dose of 19.4 mg/kg infused 
at 20 and 50 mg/min was well tolerated in 20 patients with epi-
lepsy (Naritoku & Mueed, 1999). Cloyd et al. studied the pharma-
cokinetics of VPA in 122 epileptic patients following an iv dosing 
of sodium valproate (up to 15 mg/kg) given as an iv infusion at a 
rate of 1.5 or 3 mg/kg/min (Cloyd et al., 2003). VPA peak plas-
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ma concentration was 94 mg/L and fell below 50 mg/L within 
3 h in induced and 6 h in non-induced patients. VPA mean (SD) 
volume of distribution was 0.21 (0.044) L/kg and its fraction un-
bound to plasma albumin decreased from 15% at 94 mg/L to 
9% at 45 mg/L. The authors concluded that VPA infusions of up 
to 3 mg/kg/min produce predictable total VPA concentrations 
when induction status and albumin levels are considered. A study 
in 102 adults patients who received standardized high dosages 
of Na-VPA in various emergency situations including SE, show-
ed that 85.6% of the patients achieved the therapeutic goal of 
seizure-free status within < 15 min and maintaining it for at least 
12 h (Peters and Pohlmann-Eden, 2005). Although treatment of 
SE with VPA holds promise due to its safety profile and ease of 
administration, the experience with VPA in the treatment of SE 
has been limited to several small studies. 

Carbamazepine (CBZ), a neutral water-insoluble compound, pre-
sents difficulties when formulating in a parenteral preparation. 
However, the water solubility of CBZ can be greatly enhanced 
by solubilizing it in (or forming a complex with) the cylcodextrin 
derivative, 2-hydroxypropyl-ß-cyclodextrin (Loscher et al., 1995). 
Studies in dogs indicated that iv administration of the CBZ cyc-
lodextrin complex was well tolerated. Clinical trials with a patent-
protected parenteral formulation of CBZ is ongoing to characte-
rize the pharmacokinetics of CBZ after iv administration and to 
provide a consistent transition therapy for patients on oral CBZ.  
Such iv formulations offer valuable, short-term treatment options 
for patients scheduled for surgery and for patients who cannot 
be treated with oral CBZ due to emergency situations, loss of 
consciousness, or GI disturbances. Finally, such parenteral pre-
parations could prove useful in acute, critical care situations such 
as status epilepticus (SE).    

An iv formulation of levetiracetam (LEV) has been developed and 
was recently approved by FDA and EMMEA after it was found 
to be bioequivalent to the commercially available oral formula-
tion of levetiracetam (Ramel, 2006a). The recommended dose 
of 1000-3000 mg/day must be diluted in >100 mL compatible 
diluents (e.g. 0.9% NaCl, D5W) and administered as a 15-min 
infusion. This formulation has been approved in the European 
Union and by the FDA (Bialer et al., 2007 & 2009). Intravenous 
levetiracetam appears to be well tolerated in healthy adults even 
at fast infusion rates (1500-2500 mg administered over 5 min) 
and provides a useful alternative for patients unable to take le-
vetiracetam orally (Ramel, 2006b Ruegg et al., 2008: Knake et 
al., 2008). Treatment experience with intravenous LEV of the first 
50 critically ill patients showed efficacy, defined as cessation of 
seizure activity or prevention of its recurrence in 41 of 50 pati-
ents (82%) (Ruegg et al., 2008). The lack of drug interactions 
and hypnotic side effects coupled with minimal cardiac and peri-
pheral venous effects make LEV a possible and more attractive 
alternative than benzodiazepines, PB or PHT (Reugg et al., 2008; 
Knake et al., 2008). 

The new water-soluble AED lacosamide has a water solubility 
of 20 mg/mL and a complete oral bioavailability. Consequently 
it was developed in multiple bioequivalent formulations of oral 
tablets, aqueous iv preparation (10 mg/mL) for administration as 
30- and 60 min infusions and syrup (15 mg/mL). Lacosamide 
has a linear pharmacokinetics over a dose range of 100-800 
mg/day and a half-life of 13 h. About 40% of the lacosamide 

dose is excreted unchanged in the urine and 30% as an inac-
tive desmethyl metabolite (Beyrueter et al., 2007; Bialer et al., 
2009). An iv formulation of lacosamide was developed to facili-
tate treatment of patients receiving lacosamide who temporarily 
become unable to take oral medications. Intravenous lacosamide 
is a stable aqueous solution that does not require dilution prior 
to administration and is intended to deliver 200 mg lacosamide 
over 30- or 60 min (Karuss, 2006; Biton et al., 2008). In pha-
se I clinical trials it was well tolerated and the reported adverse 
events were mostly mild and similar to the ones described for 
oral lacosamide (Bialer et al., 2004). Bioequivalence has been 
demonstrated between oral and iv infusion (30 and 60 min) of 
lacosamide. The highest single dose was 300 mg (Kropeit et al., 
2004; Bialer et al., 2007). Infusion over 15 min was nearly bio-
equivalent, with a slightly higher C

max and equivalence for AUC 
(Bialer, 2009). A recent study in 60 patients randomized showed 
that iv lacosamide, administered as 60- or 30-min infusion twice 
daily (200-600 mg/day) has a similar safety and tolerability pro-
file to oral lacosamide when used as replacement therapy (Biton 
et al., 2008). In August, 2008 the European Medicines Agency 
(EMEA) approved lacosamide (Vimpat®) in convenient-to-admi-
nister formulations (oral tablets, iv and syrup) for the adjunctive 
treatment of partial-onset seizures. Subsequently, the FDA ap-
proved lacosamide in October, 2008. The availability of aqueous 
iv preparation of lacosamide will stimulate its use in SE.

In conclusion, parenteral formulations of AEDs are quite feasi-
ble for water soluble AEDs. In order to be administered in an 
aqueous injection, water-insoluble AEDs need to be formulated 
in a chemical drug delivery or a prodrug (e.g. fosphenytoin) or via 
solubilization in a pharmaceutical drug delivery system (e.g. CBZ). 
Parenteral preparations contribute significantly to the antiepilep-
tic armament and are essential in the treatment of patients who 
cannot be given AEDs orally. The global sales of fosphenytoin 
(only available parenterally) in 2004 and 2005 were $63 and 
$70 million, respectively, compared to $326 million for oral phe-
nytoin (IMS, 2006). Although the market for parenteral AEDs per 
se is small (as reflected by fosphenytoin), the fact that injectable 
formulations serve as an introduction for oral medication to which 
patients will be switched upon release from the hospital is an 
incentive for the pharmaceutical industry to develop parenteral 
formulations for additional AEDs even if they are water-insoluble 
compounds.
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What is the promise of new an-
tiepileptic drugs? Focus on bri-
varacetam, carisbamate, laco-
samide, NS-1209, and topiramate

Emilio Perucca
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IRCCS C Mondino Foundation, Pavia, Italy

The vast majority of potential antiepileptic drugs (AEDs) are ini-
tially evaluated for their ability to prevent recurrence of seizures, 
usually in patients with partial-onset seizures, and clinical stu-
dies in status epilepticus are performed only exceptionally pri-
or to regulatory approval. However, it is increasingly common to 
characterize the potential activity of a candidate AED in animal 
models of status. Information from these studies can be useful in 
determining whether a specific compound bears promise for the 
treatment of acute seizure conditions, and in finalizing administ-
ration protocols for clinical studies. This presentation will review 
preclinical and, where applicable, clinical findings on the potential 
value of brivaracetam, carisbamate, lacosamide, NS-1209, and 
topiramate in the treatment of status. 
Among these agents, topiramate has been in clinical use for lon-
gest. Its mechanisms of action include blockade of sodium chan-
nels, enhancement of GABAergic transmission and antagonism 
of AMPA/kainate receptors. Topiramate shows “neuroprotecti-
ve” or “disease modifying” activity in a number of experimental 
models (1), including some models of epileptogenesis and brain 
damage secondary to status epilepticus (2,3). Case reports and 
small case series provide suggestive evidence that topiramate 
can be clinically effective in terminating drug-refractory status 

(4). The lack of a parenteral formulation, however, is a limitation 
in this context. 
Lacosamide received recently approval from the European Medi-
cines Agency as adjunctive treatment for refractory partial-onset 
seizures. Its mode of action includes enhancement of slow-inac-
tivation of voltage-gated sodium channels and a functional in-
teraction with collapsin-response mediator protein 2 (5). Laco-
samide is effective in the perforant path model of self-sustained 
status epilepticus in rats, where it reduces cumulative seizure du-
ration and status-induced hippocampal damage. It also displays 
neuroprotective activity in ischemia models. Although no data are 
available on its clinical activity in status epilepticus, an intravenous 
formulation is commercially available for use as replacement the-
rapy in patients temporarily unable to take oral medication.
The three remaining agents discussed in this review are in Phase 
II-III clinical development. Carisbamate shows broad spectrum 
activity in animal models of seizures and epilepsy through an 
as yet unidentified mechanism which, however, does not seem 
to replicate the modes of action of established anticonvulsants 
(6). In the lithium and pilocarpine models of status epilepticus 
in rats, carisbamate is effective in preventing the onset of sta-
tus, in terminating established status, and in protecting against 
status-induced neuronal damage and post-status epileptogene-
sis. Brivaracetam is a synaptic vesicle protein 2A (SV2A) ligand, 
with much higher affinity than levetiracetam for this target (6). 
It shows broad spectrum anticonvulsant activity in preclinical 
models and, in particular, reduces cumulative seizure duration in 
the rat model of self-sustained status epilepticus induced by sti-
mulation of the perforant path. Another compound of particular 
interest as a potential new treatment for acute seizure conditions 
is NS-1209, a water-soluble AMPA antagonist, which has been 
found to potently protect against status epilepticus induced by 
electrical stimulation of the amygdala or by subcutaneous admi-
nistration of kainic acid in rats (7). NS-1209 also displays some 
neuroprotective activity against status-induced hippocampal 
neurodegeneration. Clinical testing of NS-1209 in the treatment 
of refractory status epilepticus has already initiated.
In conclusion, each of the five compounds discussed above 
shows properties which are potentially useful in the treatment of 
status. Since their mechanisms of action differ fully or partly from 
those of benzodiazepines, phenytoin, barbiturates and valproic 
acid, the possibility exists that at least some of these agents will 
prove to be of value in the management of status refractory to 
currently used drugs. 
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Refractory status epilepticus (RSE) - i.e., seizures resistant to at 
least two antiepileptic drugs (AED) - is generally managed with 
barbiturates, propofol, or midazolam, despite a low level of evi-
dence (Rossetti, 2007). When this approach fails, the need for 
alternative pharmacological and non pharmacological strategies 
emerges. These have been investigated even less systematically 
than the aforementioned compounds, and are often used in ca-
ses of extreme refractoriness, sometimes in succession (Robakis 
and Hirsch, 2006). Several possibilities are reviewed here. In view 
of the marked heterogeneity of reported information, etiologies, 
ages and co-medications, it is extremely difficult judge on a given 
method, not to say to compare different strategies among them.
 
Pharmacological approaches
Isoflurane and desflurane may complete the anesthetics’ arma-
mentarium, and should be employed in a “close” environment, in 
order to prevent intoxication of treating personnel. GABAA re-
ceptor potentiation represents the putative mechanism of action. 
In an earlier report, isoflurane was used for up to 55 hrs in 9 
patients, controlling seizures in all; mortality was however 67% 
(Kofke et al., 1989). More recently, the use of these inhalational 
anesthetics was described on seven subjects with RSE, for up 
to 26 days, with an end-tidal concentration of 1.2% - 5%; all 
patients required vasopressors, and paralytic ileus occurred in 
three; outcome was fatal in three patients (43%) (Mirsattari et 
al., 2004). 
Ketamine, known as an emergency anesthetic because of its fa-
vorable hemodynamic profile, is an NMDA antagonist; the inte-
rest for its use in RSE relates to animal works showing loss of 
GABAA efficacy and maintained NMDA sensitivity in prolonged 

status epilepticus (Mazarati and Wasterlain, 1999). However, in 
order to avoid neurotoxicity (Ubogu et al., 2003), it appears safer 
to combine ketamine with GABA-ergic compounds (Jevtovic-
Todorovic et al., 2001), also because of a possible synergistic 
effect (Martin and Kapur, 2008). There are very few reported ca-
ses in humans, describing progressive dosages up to 7.5 mg/kg.h 
for several days (Pruss and Holtkamp, 2008; Quigg et al., 2002; 
Sheth and Gidal, 1998), with moderate results. 
Paraldehyde acts through a yet unidentified mechanism, and ap-
pears to be relatively safe in terms of cardiovascular tolerability 
(Ramsay, 1989; Thulasimani and Ramaswamy, 2002), but due to 
the risk of crystal formation and its reactivity with plastic, it should 
be used only as fresh prepared solution in glass devices (Beyen-
burg et al., 2000). There are virtually no recent reports regarding 
its use in adults RSE, whereas use of rectal paraldehyde in child-
ren with status epilepticus resistant to benzodiazepines seems 
less efficacious than intravenous phenytoin (Chin et al., 2008).
Etomidate is another anesthetic agent whose exact mechanism 
of action is also unknown, which is also relatively favorable re-
garding cardiovascular side-effects, and may be used for rapid 
sedation. Its use in RSE was reported in eight subjects (Yeoman 
et al., 1989). After a bolus of 0.3 mg/kg, a drip of up to 7.2 mg/
kg.h for up to 12 days was administered, with hypotension oc-
curring in five patients; two patients died. A reversible inhibition 
of cortisol synthesis represents an important concern, limiting its 
widespread use and implying a careful hormonal substitution du-
ring treatment (Beyenburg et al., 2000).
Several non-sedating approaches have been reported. The use 
of lidocaine in RSE, a class Ib antiarrhythmic agent modulating 
sodium channels, has been reviewed in 1997 (Walker and Slo-
vis, 1997). Initial boluses up to 5 mg/kg and perfusions of up 
to 6 mg/kg.h have been mentioned; somewhat surprisingly, at 
times lidocaine seemed to be successful in controlling seizures in 
patients refractory to phenytoin. The above mentioned dosages 
should not be increased, in order to keep lidocaine levels under 
5mg/l and thus avoid seizure induction (Hamano et al., 2006). A 
recent pediatric retrospective survey on 57 RSE episodes (37 
patients) described a response in 36%, and no major adverse 
events; mortality was not given (Hamano et al., 2006). 
Verapamil, a calcium-channel blocker, could inhibit P-glycoprote-
in, a multidrug transporter that may diminish AED availability in 
the brain (Potschka et al., 2002). Few case reports on its use in 
humans are available; this medication nevertheless appears rela-
tively safe (under cardiac monitoring) up to dosages of 360mg/
day (Iannetti et al., 2005).
Magnesium, a first-line agent for seizures elicited by eclampsia, 
has also been anecdotally reported in RSE (Robakis and Hirsch, 
2006). The rationale may be found in the physiological blockage 
of NMDA channels by magnesium ions (Hope and Blumenfeld, 
2005).
Ketogenic diet has been prescribed for decades, mostly children, 
to control refractory seizures. Its use in RSE, as “ultima ratio” has 
been occasionally described in pediatric (Francois et al., 2003) 
and adult (Bodenant et al., 2008) patients; it displays its effect 
subacutely over several days to a few weeks.
Since “malignant RSE” seems at times to be the consequence of 
immunological processes (Holtkamp et al., 2005), a course of im-
munomodulatory treatment is often advocated in this setting, also in 
the absence of definite autoimmune etiologies (Robakis and Hirsch, 
2006); steroids, ACTH, plasma exchanges, or intravenous immuno-
globulines may be used alone or in sequential combination.
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Non-pharmacological approaches
These strategies are described somewhat less frequently than 
pharmacological approaches. Acute implantation of vagal nerve 
stimulation has been reported in RSE (De Herdt et al., 2008; 
Patwardhan et al., 2005; Winston et al., 2001). Stimulation was 
mostly initiated in the operation room, and intensity progressively 
adapted over a few days up to 1.25 mA (with various regimens 
regarding the other parameters), allowing subacutely a seizure 
control, and only one transitory episode of bracardia/asystole (De 
Herdt et al., 2008). Of course, pending identification of a definite 
seizure focus, resective surgery may also be considered in selec-
ted cases (Lhatoo and Alexopoulos, 2007).
Low-frequency (0.5 Hz) transcranial magnetic stimulation (TMS) 
at 90% of the resting motor threshold has been described to be 
successful for about 2 months, with a weaning effect afterwards 
and the need for a repetitive use, in a patient suffering from epi-
lepsia partialis continua (Misawa et al., 2005). More recently, TMS 
was applied in a combination of short “priming” high frequency 
(up to 100 Hz) and longer runs of low-frequency stimulations 
(1 Hz) at 90%-100% of the motor threshold, with mixed results 
(Rotenberg et al., 2008).
Paradoxically, even electroconvulsive treatment may be found in 
cases of extremely resistant RSE. A recent case report illustrates 
its use in an adult patient with convulsive status, with 3 sessions 
(3 convulsions each) carried out over three days, resulting in a 
moderate recovery; the mechanism is believed to be related to 
modification of synaptic release of neurotransmitters (Cline and 
Roos, 2007).
Finally, therapeutic hypothermia, which is increasingly used in 
postanoxic patients (Oddo et al., 2008), has been the object of 
a recent case series in RSE (Corry et al., 2008). Reduction of 
energy demand, excitatory neurotransmission, and neuroprotec-
tive effects may account for the putative mechanism of action. 
Four adult patients in RSE were cooled to 31°-34°C with an en-
dovascular system for up to 90 hours, and then passively rewar-
med over 2-50 hours. Seizures were controlled in two patients, 
one of whom died; also one of the other two patients in whom 
seizures continued subsequently deceased. Possible side effects 
are related to acid-base and electrolyte disturbances, coagula-
tion dysfunction including thrombosis, infectious risks, cardiac 
arrhythmia, and paralytic ileus (Cereda et al., 2008; Corry et al., 
2008).

Conclusion
A wide spectrum of pharmacological (sedating and non-sedating) 
and non-pharmacological (surgical, or involving electrical stimu-
lation) regimens have been described in RSE. Their use should 
be considered only after refractoriness to AED or anesthetics 
displaying a higher level of evidence. While it seems unlikely that 
these uncommon and scarcely studied strategies will influence 
the RSE outcome in a decisive way, some may be interesting in 
particular settings. However, since the main prognostic determi-
nant in status epilepticus appears to be related to the underlying 
etiology rather than to the treatment approach (Rossetti et al., 
2005; Rossetti et al., 2008), the safety issue should always re-
present a concern for the prescribing physician. 
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Child Health, University College London, United Kingdom

Status epilepticus is common in patients admitted to hospitals 
in resource poor countries (RPC). However, there appear to be 
differences in the epidemiology, aetiology and outcome of status 
epilepticus in these regions compared to the West, although the-
re is little data about the former regions. Most studies on status 
epilepticus in RPC describe convulsive status epilepticus (CSE)1, 

2, since non-convulsive epilepticus is rarely detected in these re-
gions. In one study non-convulsive status epilepticus was detec-
ted in 11% of adults with altered mental status3. The incidence 
of convulsive status epilepticus appears to be higher in RPC than 
the West, although there has been only one epidemiological stu-
dy conducted. In this study the incidence of CSE in Kenyan child-
ren admitted to a District general hospital was 35/100,000/year, 
although 268/100,000/year in children aged 1-11 months old. 
These figures are likely to be an underestimate, since many child-
ren with CSE are not admitted hospital. This rate is 2-5 times that 
of London, United Kingdom4. CSE appears to be more common 
in children than adults, usually as acute symptomatic seizures or 
seizures associated with febrile status. A significant proportion 
of people with epilepsy have an episode of CSE, usually in child-

hood and often as the first reported seizure. Most CSE is symp-
tomatic, with the increased incidence attributed to the increased 
incidence of infections1, 2. In malaria endemic areas, malaria is an 
important cause of CSE in children2, whist bacterial meningitis 
and viral encephalitis are important causes in other areas5. Pati-
ents appear to be in status for longer periods, although there is 
little reliable data on the duration of CSE in patients presenting 
to hospital. The increase duration may be due to the lack of treat-
ment prior to admission to hospital and inadequate treatment on 
admission to hospital. The mortality associated with CSE in RPC 
is greater (11-15%), both in adults5 and children2; but the long-
term outcome in terms of premature mortality and neurocognitive 
sequelae is undetermined. Risk factors for mortality i.e. aetiology 
and duration of seizure are similar to the West, although hypogly-
caemia has been identified as a risk factor for neurocognitive im-
pairment in African children. Hospitals in RPC have limited drugs 
to treat CSE, and many hospitals do not have intensive care facili-
ties or sufficient staff to provide optimal management. The antie-
pileptic drugs are limited to benzodiazepines and Phenobarbital, 
but the seizures appear to be more resistant to these drugs than 
in the West. The lack of Phenobarbital in RPC may have a pro-
found effect on the outcome. CSE appears to be more common, 
with a worse outcome in RPC than in the West, but there is little 
data from RPC.
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Experimental evidence has shown that the induction of SE in ro-
dents using either electrical stimulation of limbic brain regions or 
systemic, as well as intracerebral, administration of convulsant 
drugs, elicits pronounced brain inflammation involving glia, en-
dothelial cells and neurons (for review see Vezzani and Granata, 
2005; Vezzani and Baram, 2007; Oby and Janigro, 2006). In adult 
rat or mouse, the induction of brain of interleukin-1beta, a proto-
typical inflammatory cytokine, occurs within the first 60 min of SE 
and is observed in the areas of seizure origin and generalization. 
Up-regulation of this cytokine in glia precedes seizure-associa-
ted neuronal cell loss and it may contribute to it (Ravizza et al, 
2008; Bernardino et al, 2006). Brain inflammation induced by SE 
can become chronic and be detectable at significant levels also 
during the epileptogenesis phase preceding the onset of sponta-
neous seizures, as well as in chronic epileptic tissue (De Simoni 
et al, 2000; Gorter et al, 2006; Ravizza et al, 2008). The induction 
of inflammatory processes by SE is age-dependent occurring in 
rodent from postnatal day 15 onwards (Rizzi et al, 2003) with the 
notable exception of hyperthermia-induced prolonged seizures 
(Vezzani and Baram, 2007). In this febrile seizures model, brain 
inflammation is indeed detectable in 9-day old rats and persists 
for at least 24 h after the end of SE. No irreversibile neuronal cell 
loss occurs in this model, indicating that inflammation is not a 
mere consequence of cell death. However, studies in adult rodent 
brain suggest that the presence of degenerating neurons may 
contribute to perpetuate brain inflammation (Vezzani et al, 1999; 
Ravizza et al, 2008).
Pharmacological, biochemical and electrophysiological studies 
showed that brain inflammation contributes to promote neuronal 
network excitability acting at several steps, namely by altering 
glutamate receptor subunit composition and membrane receptor 
levels, NMDA-dependent calcium fluxes into neurons, extracel-
lular glutamate levels, BBB permeability function (Vezzani and 
Granata, 2005; Oby and Janigro, 2006).
In particular, pharmacological studies in in vivo models of seizures 
show that inhibition of specific pro-inflammatory pathways such 
as blockade of the production of IL-1beta or of PGE2 dramati-
cally reduces seizures and retards epileptogenesis (Vezzani and 
Granata, 2005; Jung et al, 2006).
Mimicking systemic infection by administration of lipopolysac-
caride (LPS) in adult and immature rats reduces the threshold 
for seizure induction; in immature rodents LPS administration 
transiently increases brain cytokines and primes immature rats 
to develop more damage during SE (Auvin et al, 2007). In addi-
tion, seizure threshold is reduced and seizure-induced damage 
is enhanced after SE elicited in adult rats pre-exposed to LPS 
at post-natal day 7 or 14 (Galic et al, 2008). Thus, a transient 
inflammatory event occurring post-natally induces a chronic hy-
perexcitable neuronal network in the hippocampus.
Finally, evidence of the presence of brain inflammation has been 
reported also in human epileptic tissue and increased cytokine 
levels have been measured in blood following different kinds of 
seizures in humans (Vezzani and Granata, 2005).
These findings highlight that brain inflammation plays a role in 
the mechanisms of hyperexcitability occurring during repetitive 
or prolonged seizures; the establishment of chronic inflammati-
on after SE or the occurrence of infection-mimicking events can 
prime persistent excitability changes and may contribute to epi-
leptogenesis.
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Status Epilepticus Due to Pa-
raneoplastic and Non-paraneo-
plastic Encephalitides
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Philadelphia, USA

There is increasing recognition of immune-mediated encephaliti-
des resulting in seizures and status epilepticus. These disorders 
can be divided into limbic and cortical extralimbic encephalitides 
and may have a paraneoplastic or non-paraneoplastic etiology.1,2 
Table 1 shows the most frequent antibodies identified in au-
toimmune encephalitides that may result in seizures and status 
epilepticus. In addition, there are other encephalitides that are 
likely immune mediated but at the present time the associated 
syndrome or antibody specificity is unclear. These disorders are 
often defined with descriptive terms (e.g., steroid-responsive lim-
bic encephalitis).

Table 1: Antibodies Associated with Encephalitides and Seizures

Syndrome
Clinical sig-
nificance

Location of epitopes Response to immunotherapy

Hu Limbic, cortical encephalitis High Intracellular Infrequent

CV2/CRMP5 Limbic encephalitis High Intracellular Infrequent

Ma2
Limbic, diencephalon, upper 
brainstem encephalitis

High Intracelullar Moderate

Amphiphysin
Limbic encephalitis, Stiff person-
syndrome

High Intracellular Poor

GAD
Limbic encephalitis, refractory 
epilepsy, Stiff-person syndrome

Moderate Intracellular Moderate

VGKC
(Kv1.2, Kv1.2)

Limbic encephalitis, Morvan’s 
syndrome

High Extracellular Frequent

NMDAR
(NR1)

Psychosis, dyskinesias, autonomic 
instability, hypoventilation   

High Extracellular Frequent

NMDAR
(NR2B or Glu2)

Multiple types of encephalitides Unclear* Extra and intracellular N/A

NMDAR
(NR2A/2B)

Neuropsychiatric lupus Low
Extracellular 
(DWEYS)**

N/A

AMPAR (GluR1/2) 
Limbic encephalitis (frequent 
relapses)

N/A*** Extracellular Frequent

AMPAR (GluR3) Rasmussen’s encephalitis Low Extracellular? Infrequent/moderate

Thyroid peroxidase, 
thyroglobulin

Hashimoto’s encephalitis Low Intracellular Frequent

Italics indicate syndromes that are almost always paraneoplastic.
CRMP5: Collapsin response mediator protein-5; GAD: glutamic acid decarboxylase; VGKC: voltage-gated potassium channels; NMDAR: 
N-methy-D-Aspartate receptor, AMPAR: alpha-amino-3-hydroxy-5-methyl-4-isoxazolepropionic acid receptor.
*Described in multiple unrelated disorders, including among others: limbic encephalitis, non-specific encephalitis, viral encephalitis, dege-
nerative disorders
** DWEYS pentapeptide consensus sequence present in NR2A and NR2B
***N/A: not available, too early to assess significance.



64

Paraneoplastic syndromes
Any paraneoplastic encephalitis involving the limbic system or ce-
rebral cortex may result in seizures and status epilepticus. The as-
sociated antibodies include, Hu, Ma2, CV2/CRMP5, and amphip-
hysin. While there is strong evidence that the first three immune 
responses are mediated by cytotoxic T-cells responses, there are 
studies indicating that amphiphysin antibodies may be directly 
pathogenic. Of these 4 immune responses, the anti-Hu antibo-
dies are those most frequently described with seizures, epilepsia 
partialis continua, and status epilepticus.3 The underlying tumors 
are small-cell lung cancer (all antibodies), germ-cell tumors of the 
testis (Ma2), and thymoma (CRMP5). With the exception of en-
cephalitis associated with Ma2 antibodies, in which approximate-
ly 30% of patients respond to tumor removal and immunotherapy, 
the other disorders are rarely treatment-responsive.2 

Autoimmune encephalitides
These include all the immune responses of Table 1 that are not in 
italics. A frequent feature of these immune responses (except for 
GAD and thyroid antibodies) is that the autoantigens are extra-
cellular and therefore accessible by circulating antibodies. While 
the presence of antibodies to GAD, VGKC, or the NR1subunit 
of the NMDAR associates with a limited set of syndromes and 
therefore provides useful diagnostic tests, the clinical significance 
of the other antibodies is unclear. For example, some antibodies 
of patients with lupus (e.g. directed to DWEYS consensus se-
quence of NR2B and NR2B) provide interesting animal models 
of brain autoimmunity, but their relevance in the human disease 
is unclear.

GAD antibodies usually associate with non-paraneoplastic stiff-
person syndrome and cerebellar dysfunction, but there are in-
creasing number of reports showing that these antibodies also 
associate with subtypes of limbic encephalitis and refractory epi-
lepsy.4 

VGKC antibodies associate with limbic encephalitis, Morvan’s 
syndrome, and neuromyotonia. Seizures and status epilepticus 
may occur in the first two disorders. The frequent development 
of hyponatremia may also favor seizures. About 20 of patients 
with VGKC antibodies have thymoma, SCLC, or less frequently 
other tumors. The disorder usually responds to corticosteroids, 
intravenous immunoglobulin or plasma exchange.

Antibodies to the NR1 subunit (or NR1/NR2 heteromers) of the 
NMDAR associate with a characteristic syndrome that presents 
with behavioral change or psychosis and usually progresses to 
a decline of the level of consciousness, catatonia, dyskinesias, 
autonomic instability, and frequent hypoventilation.5 Partial or 
generalized seizures occur frequently at early stages of the di-
sease and in some patients may persist along the entire clinical 
course. The combination of true epileptic seizures and complex, 
elaborate orofacial and limbc movements (without EEG corre-
lates) complicates the clinical recognition of the seizures. The 
EEG shows focal or diffuse slow activity with a poorly organized 
background, with or without epileptic activity. The disorder usually 
affects young women, 60% with ovarian teratoma, but it is being 
increasingly recognized in men and children. Less than 45% of 
girls have an underlying teratoma. Despite the severity and du-
ration of the disorder, patients often respond to immunotherapy 
and, when appropriate tumor removal; some patients improve 

spontaneously. The recovery is slow and may take many months. 
After recovery, most patients remain free of seizures. 

Other autoimmune disorders resulting in seizures
A recent study on limbic encephalitis showed that 64% of pati-
ents had antibodies to neuronal cell surface antigens, including 
VGKC and NMDAR, but in 24% the identity of the antigens was 
unknown.6 The fact that these types of antigens are localized in 
specific brain regions, such as hippocampus, and the epitopes 
are extracellular, suggest that the associated symptoms, inclu-
ding seizures, are potentially responsive to immunotherapy. An 
example is the recent characterization of one of these antigens 
as the GluR1/2 subunits of the AMPA receptor. Patients with the-
se antibodies develop a classic picture of limbic encephalopathy 
with frequent seizures that are responsive to immunotherapy, but 
have a tendency to relapse. In 7 of 10 patients the disorder was 
a paraneoplastic manifestation of tumors of the thymus, lung, or 
breast.7 In summary, recent studies in the field of paraneoplastic 
syndomes and autoimmune encephalitides provide several clues 
that suggest the autoimmune etiology of some seizure disorders 
that may result in status epilepticus, including the acute presen-
tation of symptoms, the frequent detection of CSF pleocytosis 
and oligoclonal bands in the context of negative viral studies, and 
the detection of CSF antibodies reacting with the neuropil of hip-
pocampus and the cell surface of neurons. 
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epilepticus 
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Two statements are often made – first, that any disorder of the 
grey matter can result in status epilepticus (SE), and second that 
any cause of epilepsy can also result in status epilepticus. How-
ever, epidemiologically-based surveys of aetiology actually show 
that the range of causes of SE is both rather restricted and also 
is rather different from the range of causes of epilepsy (table 1). 
It has been known for many years that SE differs from epilepsy in 
being far more of the result of; (a) an acute brain injury rather than 
a chronic injury; (b) symptomatic rather than idiopathic epilepsy 
 (table 1); and also (c) SE is more common in pathology in the 
frontal region than other cortical regions (for review, see Shorvon 
1994). 

Rochester, 
Minn, USA 

French 
speaking 
Switzerland 

Bologna, 
Italy 

Year 1965-1984 1997-1998 1999-2000

Population  
(denominator) 1,090,055 1,735,420 336,876

Number of cases 199 172 44

Incidence of SE (per 
100,000 per year)

18.3 (adjus-
ted)

9.9 (raw)
10.3 (adjus-
ted)

13.1

Female:male ratio of 
cases 1:1.92 1:1.72 1:0.742

History of prior 
epilepsy 44% 32.8% 39%

Epilepsy type:

Acute symptomatic 50.3% 62.7% 34%

Remote symptomatic 19.6% 28.4% 34%

Idiopathic 13.6% 7%

Other 16.6%4 25%3

Unknown 8.7%

Table 1: Causation of status in five population-based studies
(Data derived from: Hesdorffer et al 1998, Coeytaux et al 2000; 
Vignatelli et al 2003). 

The common causes of SE are: acute anoxia, acute stroke, acute 
trauma, acute cerebral infection, intoxication or metabolic distur-
bance and fever (in infants). 
The literature on the rarer causes of SE is though restricted to 
case reports and small open case series. At an anecdotal level 
too, there are a number of pathologies which are far more fre-
quently encountered in clinical practice as a cause of SE than of 
epilepsy, and are sometimes the presenting feature of the con-
dition. In this presentations, some of these rarer causes will be 
highlighted.
Autoimmune and Inflammatory disorders - A number of rare au-
to-immune disorders seem commonly to result in SE. These in-

clude the autoimmune limbic encephalitides (including those due 
to voltage-gated potassium channel and Hashimoto’s encepha-
lopathy), NMDA channel antibodies, and SLE. Rasmussen ence-
phalitis is another inflammatory disorder commonly causing focal 
motor status. Henoch schoenlein purpura can present with SE.
Mitochondrial disease - Alpers disease is now known to be due to 
a mutation in nuclear DNA causing a mitrochondrial defect, and 
typically presents with SE. Other mitochondrial diseases are also 
common causes of SE, including focal motor SE.
Infections - Viral infection can cause both epilepsy and SE, and 
neocortical viral infection often results in SE. Many virus’ can be 
implicated including rare virus’ some of which have a curious dis-
position to cause SE and HIV. Bacteria also can result in sta-
tus including Bartonella henselae and Bartonella clarridgeiae 
which cause cat scratch fever, Cosiella Burnetti causing Q fever 
and tuberculosis. Parasitic disease can also cause SE, especially 
cerebral malaria and occasionally neurocysticercosis (although 
seizures not SE seems a more common presentation, perhaps 
because of the usual subcortical position of the cysts). 
Drugs, metabolic disorders and toxins – These can cause isola-
ted seizures, epilepsy and SE. The drugs most commonly impli-
cated in SE are antibiotics (especially the penicillin antibiotics), 
psychotropic drugs and isoniazid. Carbon monoxide poisoning 
can present with SE, as can aluminium poisoning. Other poisons 
presenting with SE include tetramine, a rodenticide, neem oil, en-
dosulphan a pesticide, and soman. Poisoning with domoic acid, 
an NMDA agonist found in tainted mussels, causes severe SE. 
 Chromosomal abnormalities and inborn errors of metabolism - 
Many such conditions can result in epilepsy or SE. Nonconvul-
sive SE is characteristic of ring chromosome 20, and also other 
chromosomal disorders (ring chromosome 14, monosomy 1p36, 
inverse duplication of chromosome 15). and also commonly epi-
lepsy. In most inborn errors of metabolism, isolated seizures are 
more common than SE
The features of conditions which typically cause SE rather than 
isolated seizures will be discussed in the presentation and require 
to be further investigated.
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Abstract
The roles of HIV and tuberculosis in SE must be addressed in the 
context of SE as an entity, since multiple factors are responsible 
for the production and outcome of SE. It would be reasonable to 
assume that at least 70% of the burden of epilepsy, HIV and tu-
berculosis are to be found in the developing world where there is 
a substantial treatment, knowledge and research gap for all three 
conditions. Timely management of SE is even more difficult, with 
resulting poor outcome.
There are no population-based studies of SE in developing coun-
tries. Any data from these countries is hospital-based and subject 
to bias and lack of adequate follow-up. Data on non convulsive 
status epilepticus are largely unavailable from developing coun-
tries. It is estimated to comprise 20-25% of all SE (Shneker and 
Fountain, 2003). In a study in India (Narayanan and Murthy, 2007) 
it was found in 10% of ICU patients with altered consciousness.
In the review by Chin et al, 2004, of seven population-based stu-
dies of SE, all from developed countries there was no mention 
of HIV or tuberculosis. In the north-London study, CNS infection 
accounted for 19% of febrile childhood SE, acute bacterial me-
ningitis being the commonest cause (Neville and Chin, 2007).
In a Kenyan, rural, hospital-based study of children with SE, the 
aetiology was infection in 71%, but malaria was the primary dia-
gnosis in 53% of SE (Sadarangani et al, 2008).
In a review of 147 patients with CNS infection from a hospital in 
South Korea (2000-2005), acute symptomatic seizures occurred 
in 34 and SE in 10 of the 34 (Kim et al, 2008). Of 147 patients, 
44 had encephalitis, 63 had tuberculous meningitis (TBM), 36 
bacterial meningitis and 4 fungal meningitis. No neurocysticerco-
sis was found. Encephalitis, rather than meningitis, was 14 times 
more likely to cause acute symptomatic seizures.
Although acute symptomatic seizures occur in tuberculous me-
ningitis with varying frequency (Garcia-Monco JC, 1999; Misra 
et al, 2000; Sutlas et al 2003) and can be a presenting feature 
in 10% (Kennedy and Fallon, 1979), parenchymal involvement 
occurs to a lesser degree in tuberculous meningitis than in ence-
phalitis. In encephalitis there is brain inflammation, with release of 
pro-inflammatory cytokines that decrease the seizure threshold 
(Vezzani and Granata, 2005). If there are tuberculomas involving 
the parenchyma, seizures can occur in up to 60% (Tiel and Ro-
senblum, 1996). Tuberculomas in India before CT scanning, were 
commonly identified by the pathologist (Dastur et al, 1968). In 
the CT scan era, single enhancing lesions were frequently identi-
fied in patients with acute symptomatic seizures and SE in India. 
Most of these are now believed to have been neurocysticercosis. 
Tuberculomas reflect cell mediated immunity and sometimes pa-
radoxically enlarge or even appear for the first time during the 

course of otherwise successful treatment. Breakthrough seizures 
and SE can occur. An important clinical distinction is from drug 
resistant tuberculosis because steroids are indicated in paradoxi-
cally enlarged lesions but they would worsen drug resistant tu-
berculosis. In neurotuberculosis, hyponatraemia and isoniazid can 
also precipitate status epilepticus (Vasu and Saluja, 2005).
In Murthy et al’s study (2007) of SE from Hyderabad, India, CNS 
infections accounted for 24 of 85 patients (28%) from 1994-
1996. There were 6 patients with tuberculous meningitis, but no 
HIV in this study. Neurocysticercosis was commoner than TB. 
In a study of 93 adults with SE from Lucknow, India by Misra et al 
(2008), 37 had CNS infection (39.8%). Tuberculosis (meningitis 
and granulomas) accounted for 9 of 93 patients (9.7%). Viral 
encephalitis was the commonest cause of status. There was no 
HIV.
A review of 166 registry entries for CNS tuberculosis in the 
Bombay Hospital from 2007-2008 revealed no patients coded 
for SE, but individual chart review of 100 of these showed 5 SE. 
For the same period we identified 23 patients coded for SE and 
looked at individual records (22/23). No patients had confirmed 
neurotuberculosis, but two patients had HIV. Further chart review 
and analyses are necessary and being undertaken. 
A retrospective Ethiopian study of hospital records of 119 patients 
with SE found 43 patients (36.1%) with CNS infection (Amare et 
al, 2008). Toxoplasmosis was the commonest (18 cases). Eight 
patients had tuberculoma and 2 presumed tuberculous menin-
gitis. HIV/AIDS was present in 24 (20.2%) and was associated 
with significant mortality (OR=6.7). The frequency of occurrence 
of seizures in HIV infected patients is 2-20% (Holtzman et al, 
1989; Wong et al, 1990; Van Paesschen et al, 1995; Sinha et 
al 2005; Satischandra and Sinha 2008). New onset seizures oc-
cur in 3% to 20% of HIV infected people (Pascual-Sedano et al 
1999; Wong et al 1990; Chadha et al 2000; Levy and Bredesen 
1988). Status Epilepticus occurs in 8-18% of patients with HIV 
and seizures (Holtzman et al 1989, Wong et al 1990, Van Paes-
schen et al 1995, Sinha et al 2005). 
The total number of admissions to Bombay Hospital coded for 
HIV from 1.1.2003 to 31.12.2008 was 1204. Seven (0.58%) 
were coded for SE. The rate of SE could have been low as HIV in 
several patients was picked up only on routine pre-operative eva-
luation and could have been asymptomatic. Also there probably 
were deficiencies in coding SE. We reviewed the first 100 con-
secutive charts for patients with HIV and found 25 pre-surgical 
pick-ups, 9 with seizures but no patients with status.
The cause of seizures in those with HIV in the 2 large Indian 
studies was opportunistic infection, 93.9% (Sinha et al 2005) 
and 65.4% (Chadha et al 2000). HIV encephalopathy is a more 
common cause of seizures in studies from developed countries 
(Kellinghaus 2008; Holtzman 1989; Pesola 1998). The greater 
burden of infection and non-availability of HAART in developing 
countries could account for this. 
Specific risk factors for SE in HIV are IV drug abuse, hypoma-
gnesaemia, renal failure (Van Paesschen et al, 1995) and the 
drug efavirenz which is a component of HAART (Nijhawan et al 
2008). Another important complication of HAART is the immune 
reconstitution inflammatory syndrome (IRIS). CNS inflammatory 
lesions including tuberculomas and tuberculous meningitis can 
manifest or worsen.Therefore HAART should start and steroids 
be considered after initial, adequate tuberculosis treatment.
Pharmaco-kinetic drug interactions pose a major problem in ma-
naging epilepsy in those infected with HIV and/or tuberculosis, 
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particularly with those drugs affecting CYP450 in the liver. Most 
relevant is use of phenobarbitone which reduces the level of 
nevirapine by 50%, resulting in failure of HAART (Lancet Neu-
rology, 2007). This has disastrous consequences in developing 
countries where newer AEDs are unaffordable.
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Infections and Status Epilepti-
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Although credibly, the occurrence of status epilepticus (SE) is a 
serious and portentous event during the course of a neurological 
infectious disorder, it is surprising how sketchy are descriptions 
of the association between CNS infections and SE. This review 
focuses on CNS infections other than HIV infection and tubercu-
losis. A list of infections that have been reported in the literature 
to cause SE is given in Table 1. Several questions arise in the 
reappraisal of CNS Infections and status SE: (1) What proportion 
of cases of SE are caused by CNS infections? (2) How common-
ly does SE occur in various CNS infections? (3) How does the 
occurrence of SE influence the outcome and mortality of CNS 
infection? (4) What is the prognosis and mortality in SE that is 
caused by CNS infections? (5) How commonly does refracto-
ry SE occur in CNS infections? (6) How commonly does non-
convulsive status epilepticus (NCSE) occur in CNS infections? 
(7) Are there any special considerations in the treatment of SE 
in CNS infections? (8) What are the rates of epilepsy / unpro-
voked seizures following an episode of SE complicating a CNS 
infection.

CNS Infections as a cause of status epilepticus
In population-based studies from western countries, CNS infec-
tions have accounted for a small proportion of cases (0.6-3%) 
of SE (DeLorenzo et al., 1995; Wu et al., 2002). In contrast, alt-
hough population-based data is not available from the less deve-
loped countries, the proportion of CNS infections is considerably 
higher and varies between 9 and 72% in various published case 
series (Mbodj et al., 2000; Misra et al., 2008; Murthy et al., 2007). 
The proportion of CNS infections as a cause for SE appears to 
be very much higher in children (Sadarangani et al., 2008). There 
are virtually no community-based data on the incidence and fre-
quency of CNS infections as a cause for SE in the less developed 
countries. Hospital-based data may grossly underestimate the in-
cidence of SE due to CNS infections as an unknown proportion 
of cases do not reach hospital due to poor access to the hospital 
facility or socio-economic reasons.

Frequency of occurrence of SE in CNS infections
Most CNS infection episodes that manifest with seizures do so 
with few seizures that are easily controlled with medications. The 
frequency of occurrence of SE depends mainly on the aetiology 
of the infective episode. Viral encephalitis (most commonly due 
to Herpes simplex virus) is most commonly cited as a cause of 
SE. Among various infectious disorders, de novo SE occurs more 
frequently in acute infections (e.g., acute bacterial meningitis) in 
comparison to chronic infections (e.g., chronic meningitis due to 
fungal agents). Likewise, although, seizures are a very common 
occurrence in neurocysticercosis, the occurrence of SE is an un-
common happening (Carpio and Hauser, 2002).

Mortality and prognosis in CNS infection-associated SE
The risk of death due to SE associated with a CNS infection epi-
sode is far higher in comparison to several other causes of SE, 
for instance alcohol-related SE, metabolic disorders and SE com-
plicating pre-existing epilepsy (Amare et al., 2008; Li et al., 2009; 
Misra et al., 2008). This is because, the CNS infection episode is 
in itself is associated with a high mortality risk. 

It has been shown that the stay in intensive care unit is prolonged 
and resource requirements increased when SE is associated with 
a prior or subsequent infection. The increased resource require-
ments are presumably the need for infection control protocols 
that are required for nursing of infected patients.
The risk of developing an unprovoked seizure following an episo-
de of SE associated with a neurological infection may be eleva-
ted 7-fold (Hesdorffer et al., 1998).

Refractory SE and NCSE in CNS infections
Although both refractory SE and NCSE have been described in 
various acute CNE infections, their exact frequencies have not 
been systematically studied.

Treatment considerations in CNS infection-associated SE
Although the treatment protocol for SE remains essentially the 
same in CNS infections, additional emergent considerations are 
the establishment of aetiology of the CNS infection and institution 
of treatment of the infectious disorder. When seizures are accom-
panied by fever in older children, a lumbar puncture for obtaining 
cerebrospinal fluid for cytological and microbiological studies may 
not be undertaken if consciousness is restored soon after the 
seizure. However, in the case of fever accompanying SE, wherein 
the patient does not regain consciousness, a lumbar puncture is 
indicated in all ages. An important aspect of the management of 
SE due to CNS infection is the prompt institution of appropriate 
antimicrobial as well as adjunctive (e.g., corticosteroids in acute 
bacterial meningitis) treatments. It is not clear if prompt antimicro-
bial treatment improves the prognosis of control of SE, although its 
effect on overall prognosis is indisputable. There are very few phar-
macokinetic studies of the administration of antiepileptic drugs in 
status epilepticus due to CNS infection (Ogutu et al., 2003)
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S. No. Aetiology

1

Viral encephalitis including Herpes simplex  
encephalitis, varicella zoster encepahlitis, West Nile 
virus encepahlitis, rabies, Eastern Equine  
encepahlitis, Western equine epncepahlitis, infuenza, 
rubella encepahlitis

2 Bacterial meningitis, including tubercular

3 Cerebral malaria

4
Parasitic disorders: neurocysticercosis, toxoplasmo-
sis

5
Rare infectious disorders: paracoccidiomycosis, 
cryptococcal meningitis, Q fever, cat scratch disease

6 Antibiotic-induced

7 Electrolyte imbalance

Table 1: Aetiologies of status epilepticus associted with CNS 
Infections.
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cause?
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ABSTRACT
Psychiatry, over the past century, has tended to echo the view 
of Hughlings-Jackson, that ‘compound mental states cannot be 
owing to an epileptic discharge’ (Taylor, 1958). The approach to 
investigating psychosis in patients with epilepsy has been to con-
centrate on the empirical use of descriptive psychopathology in 
order to delineate the various psychiatric syndromes and deter-
mine to what extent the various abnormalities of affect, thought 
(delusions) and perception (hallucinations) are similar to or differ 
from those seen in the ‘functional’ psychoses in patients without 
epilepsy.

An almost entirely separate ‘positivist’ tradition has evolved within 
neurology. The central theorem of this school is that hallucinations 
occur as a consequence of the activation of a localised group of 
neurones which can be investigated by cerebral recording and 
cerebral stimulation. The ‘Gold Standard’ investigation has been 
intracranial stereoelectroencephalography (SEEG). 

Key differences between these two approaches lie in the definiti-
on of an hallucination and in the concept of a ‘compound mental 
state’. David defines ‘hallucination’ from the psychiatric perspec-
tive as ‘a sensory experience which occurs in the absence of 
corresponding external stimulation of the relevant sensory organ, 
has sufficient sense of reality to resemble a veridical perception, 
over which the subject does not feel s/he has direct and volun-
tary control, and which occurs in the awake state’ (David, 2004), 
usually these may be auditory, but tactile and olfactory hallucina-
tions are also seen in functional psychoses such as schizophre-
nia. The neurological definition of an hallucination is undoubtedly 
broader, according to Denis Williams ‘an hallucination, which is a 
percept without a stimulus may be organic or psychotic…Local 
disturbance of the brain has evoked a perceptual response…
[yet] there can be no fundamental difference between sensa-
tions felt in a limb or through the eye as a result of a local epilep-
tic discharge….[crucially] the feelings called fear, depression or 
pleasure arising during the attack [also] have no local reference 
and for physiological purposes can be considered to be organic 
hallucinations’ (Williams, 1959). 

In psychiatry the presence of hallucinations is usually taken to si-
gnify psychosis (i.e., complex mental states), yet whilst most psy-
chiatrists would consider a patient experiencing complex auditory 
hallucinations or persecutory delusions to be ‘psychotic’ probably 
none would extend this term to include those experiencing ictal 
affects such as fear, rage or depression. At the phenomenologi-
cal level the reduction of all these symptoms into the single cate-
gory ‘hallucination’ is both confusing and unhelpful. At the elec-
trophysiological level however, distinction between many of these 
diverse psychopathological categories is often not possible. It can 
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be demonstrated that repeated seizures of a single area within 
the same patient can produce different psychic responses whilst 
stimulation of widely distinct areas within the same individual can 
produce remarkable similar phenomena (Fish, 1993).

Penfield noted that auras could be reproduced by electrical sti-
mulation of the temporal lobe (Penfield, 1938). He was interes-
ted in the evocation of memory and distinguished between what 
he called experiential (mental events from the patients personal 
past) and interpretive penomena (to do with the present circum-
stances of the patient). A key element of his later thinking was 
that experiential responses occur virtually only in seizures arising 
from the lateral temporal isocortex, where the stimulus was strong 
enough to provoke an after discharge (Penfield & Perot, 1963). 

The anatomical basis was revised further by Gloor who imputed 
a key role for limbic structures rather than temporal neocortex 
(Gloor et al, 1982). He considered that the experiential pheno-
mena were not the result of a loss of inhibitory control, as Hugh-
lings-Jackson believed, but were the result of positive activation 
of limbic structures. In his matrix theory, he proposed that ‘an 
epileptic discharge within the temporal lobe at the onset of a 
seizure, when it has not yet become too diffuse or too intense, 
may be able to recreate a specific matrix that may be similar or 
identical to that normally encoding a natural experience. Repea-
ted discharge through mechanisms of synaptic plasticity.... may 
have strengthened the interconnectivity of the neurons constitu-
ting such a matrix’ (Gloor, 1990).

It is clear that ‘experiential’ phenomena differ markedly from the 
complex psychotic symptoms seen in the functional psychoses 
or in the psychoses of epilepsy. However, the development of 
intracranial stereoelectroencephalography (SEEG) has allowed a 
variety of psychological symptoms (both affective and hallucina-
tory) to be recorded in patients undergoing surgical assessment 
(using arrays of recording electrodes typically placed in the hip-
pocampus, parahippocampal gyrus, amygdale and cingulate gy-
rus) during periods of ongoing seizure activity, particularly if this 
activity was prolonged, therefore amounting to limbic status epi-
lepticus (Gloor et al, 1982). These symptoms occupy a separate 
category between experiential and interpretive phenomena and 
the ‘complex mental states’ of psychosis and some such states 
have been recorded on SEEG (e.g., Wieser, 1983).

The question remains however, can complex psychotic states 
occur as a consequence of an epileptic discharge? The best 
evidence to support this hypothesis can be found in SEEG re-
cordings during episodes of complex partial status epilepticus 
and during certain cases of apparent ‘post-ictal’ psychosis. Any 
review of this literature relies on a limited number of individual 
case reports:

Trimble for example, provides a case of non-convulsive status 
producing a state resembling schizophrenia in a 22 year old man 
with complex partial and generalised tonic-clonic seizures since 
the age of 3 1/2. He complained of the sudden onset feeling 
that rays were being passed through his body to sterilise him as 
well as voices in the second and third persons criticising him. He 
was admitted to a psychiatric hospital and diagnosed with schi-
zophrenia. An EEG, which included sphenoidal electrodes was 
carried out. The main features included frequent sharp waves on 

the right side with phase reversals in the right sphenoidal leads 
which occurred during a period of florid paranoid psychosis. The 
mental state and EEG both demonstrated a quick response to 
intravenous diazepam (Trimble, 1991). 
Takeda et al (2001) provide a further example of SEEG data 
recorded in a 25 year old woman with intractable temporal lobe 
epilepsy who developed a postictal psychotic episode two days 
after a cluster of eighteen seizures. Her intracranial EEG during 
the psychotic episode demonstrated frequent discharges of the 
left amygdala which were absent prior to the episode. Kanemoto 
(1997) reports the case of a 24 year old woman with complex 
partial seizures since the age of four who developed a periictal 
Capgras syndrome (the delusion that a person close to the patient 
has been replaced by one or more impostors). During her presur-
gical assessment one episode of postictal Capgras syndrome 
occurred in association with 15 isolated ictal fears and two com-
plex partial seizures, all 17 of these seizures showed clear cut 
epileptiform discharge in the left amygdalo-hippocampal region. 
There have however been other reports which demonstrate no 
convincing link between psychotic states and EEG abnormalities 
as recorded by intracranial electrodes (So et al, 1990, Mathern et 
al, 1995). Oshima et al, (2006) suggest that postictal psycho-
sis should therefore be subdivided into two types; first, a nuclear 
type representing the established clinical picture as described by 
Kanner and Barry (2001; Table 1) and occurring as an indirect af-
ter effect of seizure activity, and second an atypical periictal type, 
occurring as a direct manifestation of limbic epileptic discharge.
It is however the psychopathology of interictal psychosis that is 
closest in nature to the complex psychotic states seen in the 
functional psychoses. Kristensen and Sindrup (1978) reviewed 
sphenoidal electrode recordings in 96 patients with partial sei-
zures who developed a paranoid/hallucinatory psychosis after a 
median of 18 years, and compared these with an epileptic control 
group. They found that the psychotic patients had a significantly 
larger number of temporal medio-basal independent spike foci 
than controls. Patients with psychosis also had significantly more 
frequent bilateral rather than unilateral medio-basal spike foci 
than controls. Interestingly, Hughes (1985) found that the inci-
dence of bilateral as opposed to unilateral foci in temporal lobe 
epilepsy increased with age at a rate of almost 1% per year. 
The possibility that at least some of these ‘complex’ psychotic 
states may, at least in part, be ‘driven’ by ongoing discharges in 
limbic structures is an interesting one. Unfortunately, the absence 
of less invasive means for identifying limbic ictal activity in psy-
chotic patients with epilepsy impedes our understanding in this 
area. However, as Wieser (1983) notes ‘paralleled by clear-cut 
time related epileptic discharges in hidden brain areas the pha-
sic psychical disturbance of some patients would not have been 
accepted as an epileptic dysfunction without depth recordings. 
Such observations are perhaps first steps in building a long desi-
red bridge to psychiatry’. 
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Delay between the onset of psychiatric symptoms and the 
time of last seizure

Relatively short duration of psychosis;

Affect-laden symptomatology;

The clustering of symptoms into delusional and affective-like 
psychoses;

An increase in the frequency of secondary generalised tonic-
clonic seizures preceding the onset of postictal psychosis;

The onset of postictal psychosis after a long duration of 
epilepsy (for a mean period of more than 10 years);

A prompt response to low dose antipsychotics or benzodia-
zepines.

Table 1. Common findings among different case series of the 
features of postictal psychosis.

IL27

Status as it presents to the 
courts

Hannah Cock
St George’s University of London & Atkinson Morley Regional 
Neuroscience Centre, Epilepsy Group, London, United Kingdom

INTRODUCTION: Little is published in the medical literature on 
this topic, which wasn’t one I chose myself. 
METHODS: A search of all case reports available internationally, 
via the World Legal Information Institutes and member sites (w 
ww.worldlii.org), covering appeal court, international, and case-
law/law reform cases from around 1995 onwards, using the 
terms “status epilep*” and/or ”epilep*” was undertaken. 
RESULTS: 28 Case reports featuring SE were reviewed from Ca-
nada (10), UK (9), Australia (5) and USA (3), together with a sin-
gle case from the Philippines. No cases were identified from Asia, 
Hong Kong, Kenya, New Zealand, Pacific Islands or South Africa. 
Other countries (and 3/10 Canadian reports), were not in English 
and thus not reviewed. Of 25 remaining, SE was mentioned but I 
considered not material to the principle issues in 17 cases. This 
included 3 of 78 cases reported separately as part of the Austra-
lian Royal Commission into aboriginal deaths in custody, though 
it is notable in itself that almost 4% of the deaths occurred in 
individuals with a history of epilepsy/status epilepticus. A further 
UK case (Toth v Jarman, UK Civil Appeal Court, 2006), is also 
worth comment as one which has lead to a standard disclosure 
statement now recommended for experts with respect to poten-
tial conflicts of interest.
Those where I did consider SE was a primary issue are as fol-
lows:
1.  Australian Supreme Court. White & Civil Aviation Authority

(2008). Unsuccessful appeal against medically disallowed pi-
lot license, on background SE in 2002, and further blackout
2005, possibly marijuana provoked.
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2.  Latin V Hospital for Sick Children, Toronto 2007. Unsuccessful 
claim for negligence relating to 14m girl who suffered severe 
brain damage following prolonged & recurrent seizures in con-
text febrile illness

3.  HC v Loos, Canada, 2003. Unsuccessful appeal against liabili-
ty, and partially successful appeal against damages in relation 
to severe brain injury, and episode of SE 3y later following a 
traffic accident, complicated by drug and alcohol abuse.

4.  Queen v Parker, Canada 1999. A man with severe refractory 
epilepsy, including several prior episodes of SE, successfully 
defended himself against charges of cannabis possession on 
the grounds that he needed it for medical use, and his life 
would otherwise be threatened (SE). Two attempts by the state 
to appeal this decision failed. 

5.  Miranda v Munoz & Munoz, 1985, USA Appeal Court. Relati-
ves of a 19y man who died after developing SE in prison, fol-
lowing lack of access to his usual phenobarbitone, had already 
been awarded damages against the prison doctor, warden & 
assistant warden, but charges against 4 additional supervisory 
officials had been dismissed. On appeal, the original damages 
were upheld, and the 4 additional officials directed for a re-
trial. 

6.  UK Family High Court, Ms D vs NHS, 2005. The court agreed 
with the NHS, against the wishes of her family, that it was not 
in the interests of Ms D, who was in a vegetative state as a 
result of progressive mitochondrial disease, to receive further 
invasive treatment. Movements, present since an episode of 
SE, that the family considered indicators of awareness were 
judged to be myoclonic jerks by experts. 

7.  MG vs Health Authority, UK Civil Appeal Court, 2001. MG 
had surgery for a benign brain tumour causing epilepsy. After 
a brief initial recovery, seizures and other complications deve-
loped, and severe brain damage ensued. Experts disagreed 
on the relative contribution of hypoxia vs. SE. Whilst acknow-
ledging shortcomings in documentation, the negligence claim 
was again dismissed. 

8.  St George v Home Office, UK court of Appeal, 2008. A 29y 
known drug/alcohol user with known previous withdrawal sei-
zures was allocated a top bunk in prison, had a seizure, fell 
from the bunk and developed SE 4 days later, leaving him with 
permanent severe disabilities. The HO was found liable at trial 
and on appeal (in allocating him a top bunk) for his injuries, 
as it was accepted that the head injury from the fall probably 
triggered the SE, rather than the SE being purely from drug/
alcohol withdrawal. 

CONCLUSIONS: Publically available legal documents, much like 
the published medical literature, are readily accessible via the 
internet. However, in common with medicine, sorting “the wood 
from the trees”, and understanding the jargon is sometimes dif-
ficult. Although subject to methodological biases, it appears SE 
is a primary issue for the courts infrequently, but can be the ba-
sis for complex legal and medical debates. The review has rein-
forced my views that expert witness work should not be underta-
ken lightly and must be kept within boundaries of expertise, that 
courts sometimes struggle to fit medical uncertainties into rigid 
legal statutes, and that Judges and experts are generally excep-
tionally clever people – but not always right. Consent issues in 
relation to SE and treatment have not been highlighted in the 
courts, but are a major issue for future research. 

IL28

Clinical Trials in Status 
 Epilepticus - The Clinical 
 Perspective

Reetta Kälviäinen
Kuopio University Hospital, Kuopio Epilepsy Center, 
Kuopio Finland

Considering that status epilepticus (SE) is relatively frequent in 
neurological practice, it is surprising that there are only few ran-
domized controlled studies (RCTs) on drug interventions reported 
(Prasad et al. 2005). For SE, observational studies seems often 
be easier to undertake as carrying out RCTs in the emergency 
situation is problematic.
The need for medical research programs involving patients with 
SE is real and profound. Only in well performed clinical trials can 
hypotheses of clinical efficacy and safety be tested. However, in-
volving this patient category in interventional trials raises ethical, 
juridical, and practical concerns. Clinical trials in SE patients in 
emergency and critical care settings frequently involve patients 
with loss of decision-making capacity and, given the emergency 
nature of SE, facing very short therapeutic time frames. 
In planning the trial it is essential to define clearly the SE phenoty-
pe to be studied. The response to treatment is greatly influenced 
by duration of the SE before enrollment, response to previous the-
rapy, SE type, etiology and comorbidities. There is a relationship 
between ethnicity, socioeconomic status, and the incidence of SE. 
Outcome is influenced by the age of the patient. Therefore studies 
should ideally be stratified to deal with these potential confounders 
(Neville et al. 2007). This, however, means large sample sizes. On 
the other hand, accurate data about these prognostic factors is not 
always available at the time of enrollment and excessively restric-
tive inclusion criteria or too broad exclusion criteria may limit the 
enrollment even too extensively. 
Informed consent in SE research can, given the emergency nature 
and severity of the condition or due to pharmacologic sedation, sel-
dom be obtained from patients themselves. Delaying the treatment 
to obtain informed patient or proxy consent might jeopardize both 
the life of the patient and results of the trial. Several solutions are 
in use for obtaining consent in emergency situations. Proxies (le-
gal representatives) or an independent physician can give consent 
before inclusion in research, or (patient or proxy) consent can be 
deferred for some time, or consent can even be waived (Jansen 
et al., 2009). The problems in getting the consent from a proxy 
include that proxies are not always available in the first moments 
of hospital or intensive care admission or are too overwhelmed to 
understand the provided information to give a valid consent. Be-
cause of the problems in getting consents patients included are 
often no representative of the normal SE population – and results 
of the trials therefore have low external validity.
Currently it is not anymore possible to treat SE with placebo. 
Therefore, although the RCT is always considered to be the gold 
standard, there are many limitations in the context of SE trials. 
Active comparator trials are possible but true blinding is often 
also difficult or even sometimes impossible. In addition, the most 
important question is not related to drug efficacy, but rather to 
strategies for the management of SE and generating guidelines 
that can be widely incorporated into clinical practice.
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Good outcome after SE usually means cessation of seizures 
within a certain time period after the drug administration and ab-
sence of seizure recurrence within next 24 hours and return to 
baseline neurological function. The control of seizures can mean 
only clinical control or both clinical and electrographical control 
of SE. Secondary outcome measures include: Clinical outcome 
with a functional scale, incidence of focal neurological deficits, 
incidence of epilepsy, incidence of cognitive decline, response by 
initial EEG finding, 30-day mortality, need for intensive care unit 
(ICU) treatment, time of ventilator treatment in patients treated at 
ICU, incidence of thromboembolism, incidence of infectious com-
plications requiring specific treatment, incidence of hypotension 
requiring specific treatment, incidence of propofol infusion syn-
drome or other specific complications/adverse effects. It is also 
extremely important to follow carefully the vital signs and ECG as 
well as laboratory values when testing a new molecule.

There are several areas requiring attention in future research 
in SE. A universally acceptable definition of premonitory, early, 
established and refractory status needs to be agreed upon and 
used consistently by investigators. Agreement on the definition 
of outcomes and method of data presentation is also desirable to 
facilitate meta-analysis. 
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IL29

Minimum requirements for ap-
proval of a drug in status epi-
lepticus

Michel Baulac
University Pierre et Marie Curie, APHP-Neurology Department, 
Paris, France

Regulatory experience is relatively scarce at the European level 
concerning IV formulations and their potential indication in Status 
Epilepticus, including its different clinical stages (early, establis-
hed, refractory).
Some IV formulations have been approved, like levetiracetam 
(100mg/ml), but only in the indication of temporary use as an 
alternative for patients when oral administration is temporarily not 
feasible. This regulatory approval was based on bioequivalence 
and safety studies.
The only EU regulatory experience in status epilepticus was 

the approval of fosphenytoin, as a prodrug of phenytoin, which 
is rapidly and completely converted to phenytoin in adults after 
parenteral administration and seemed to be significantly better 
tolerated than parenteral phenytoin. In a clinical study of genera-
lized convulsive status epilepticus, fosphenytoin, with or without 
benzodiazepine pretreatment, controlled seizures in 76 (93.8%) 
of 81 patients. In other studies, fosphenytoin maintained seizu-
re control when substituted for oral phenytoin and for seizure 
prophylaxis in neurosurgery and trauma patients. Adverse events 
associated with fosphenytoin were similar to those associated 
with phenytoin, but intravenous fosphenytoin had significant ad-
vantages over intravenous phenytoin: It required a shorter infusi-
on time and fewer intravenous disruptions, causes less pain and 
burning at the infusion site and minimal consequences in case of 
intravenous infiltration, allows longer maintenance of intravenous 
sites, and has better intravenous fluid compatibility and stability. 
There is an RCT showing that fosphenytoin has superior tolera-
bility compared to phenytoin in the setting of acute seizures (but 
not status epilepticus). 
The approval was therefore based on bioequivalence to phenyto-
in, assuming the efficacy of phenytoin in generalised convulsive 
SE, and the improved safety. No formal efficacy RCT study was 
done, however, that would aim at demonstrating non-inferior effi-
cacy or better tolerability.

Several types of designs could be envisioned in the future and 
discussed:

-  Non inferiority to a first-line established or approved agent, ben-
zodiazepine, phenytoin/fosphenytoin, or phenobarbital, could 
lead to approval as first-line agent. 

-  Superiority of the combination of the test drug and a first line 
agent over the first-line agent alone could lead to approval in 
combination therapy.

-  Superiority of the test drug over placebo, as adjunctive therapy 
in refractory status, that would also permit to consider an appro-
val in combination therapy.

The outcome variables that may be considered include:
-  Cessation of the clinical convulsive activity (within predetermi-

ned time limits, or time to cessation of the convulsive activity)
- Effect on EEG correlates
-  Percentage of patient evolving to the next stage of status epi-

lepticus (from early to established, from established to refrac-
tory)

-  Percentage of patients undergoing intubation and major anaes-
thetic drug treatment

-  Morbidity and mortality as observed during the follow-up, after 
a week for example

In all circumstances the regulatory bodies will require safety data, 
regarding cardiac, respiratory, or neurotoxic side effects. Their 
impact on the approvability of the new agent will be evaluated 
as a function of the context of use of the drug (type of medical 
environment, pre-hospital, emergency unit, intensive care unit).
Data on children may also be regarded as important.
The regulators may also express their views on the ethical as-
pects.
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IL30

Informed consent in off-label 
use and incapacitated persons 

Christian. E. Elger & C. Hoppe
University Hospital of Bonn, Department of Epileptology, Bonn, 
Germany

(The assumptions made here are based only on German law. 
Laws from other countries cannot be taken into consideration as 
they are unknown, and their legal ramifications cannot be deter-
mined by medical doctors.) 
The German Grundgesetz guarantees the freedom of research 
(Art. 5, Abs. 3 GG), but according to the ethical principle of auto-
nomy (Art. 1 and 2 GG), no one can be enrolled in a study against 
his will. 
The informed consent procedure requires that the person under-
stands the purpose of the study and can evaluate the possible 
risks and benefits. Furthermore, the person must be able to with-
draw consent whenever he wishes to. Those 14 years or older 
can give informed consent. Legal capacity is a necessary condi-
tion for consenting. Time is needed for comprehensive informa-
tion and a two-day interval between information and consent is 
recommended. 
In Germany, informed consent is required for those studies testing 
medication based on a defined study plan (Arzneimittelgesetz, 
AMG) or for studies testing medical products (Medizinprodukte-
gesetz, MPG). However, it is not required for individual treatment 
trials without study plan (Heilversuch / “off-label use”) or clinical 
observation trials (Anwendungsbeobachtung) with therapeutic 
treatments strictly following individual medical decisions (no stu-
dy plan, retrospective study design). In Germany, using drugs “off 
label” is possible in the context of a Heilversuch, even when a 
person is unable to provide informed consent. The focus here is 
for clinical trials (according to the AMG) in emergency patients 
(e.g. status epilepticus). Because standard treatment may never 
be withheld, these studies will usually focus on adjunctive treat-
ments (add-on).
Undoubtedly, scientific medical research with valid (i.e. rando-

mized controlled) study designs is necessary in order to improve 
the treatment of those conditions severely affecting the life and 
autonomy of a person. However, in most emergency situations, 
it will be impossible to obtain informed consent for study partici-
pation (time pressure, cognitive disturbances, loss of conscious-
ness).This results in an ethical dilemma. Medical research aims 
at saving or reinstituting the autonomy of patients. However, this 
research would appear to be impossible as the consequences 
of this very autonomy prevent subjects from being enrolled in 
research studies without their agreement.
According to German legal regulations, scientific studies that do 
not benefit the patient or patient group are generally not permit-
ted and no one can be enrolled in a study against his will. But the 
law assumes that some patients want to contribute to research 
and actually would have given informed consent if it were possib-
le. This provides the ethical rationale which allows us to examine 
procedures that might replace the usual informed consent pro-
cess without violating patient autonomy. 
Anticipating informed consent: Informed consent can only be 
given for a specific study, not as a general allowance. Therefore, 
providing informed consent for a study in a future emergency 
case within a predefined timeframe (i.e. anticipating informed 
consent) appears feasible for the population of epilepsy patients 
with more frequent status epileptici, if they are usually treated 
in the same intensive care unit. However, it may be difficult or 
undesirable to restrict a medication study to epilepsy patients 
suffering from recurrent status epileptici. 
Waiving consent: In this procedure, medical researchers can 
include a patient in a study under the assumption that this is 
according to the person’s will. Informed consent must be formally 
obtained after recovery. Therefore, “waiving consent” only applies 
for those persons able to provide informed consent upon recove-
ry. This procedure does not require the consent of relatives, legal 
guardians or guardianship courts and, thus, appears highly ap-
propriate for studies involving emergency situations. Actually, the 
AMG and the MPG permit “waiving consent” for adults, but only 
under the following restrictions: informed consent is inaccessib-
le but can be obtained upon recovery; an emergency prevents 
postponing the study until recovery; the study promises important 
medical insights; the study can not be done in subjects who are 
able to provide informed consent; and, most importantly, the study 
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promises individual benefit. Patient group benefit is insufficient 
reason for waiving consent. Such studies are more or less equi-
valent to individual treatment trials (Heilversuch). 
Anticipating and waiving consent leaves the decision making to 
the subject. However, this may not be feasible for some studies. 
In emergency situations, the AMG allows studies in persons who 
are generally unable to give informed consent (including children 
below the age of 14 years). However, the study must be a low risk 
and low burden study. Furthermore, the study must promise indi-
vidual benefit for those adult patients. For children, the AMG al-
lows studies also for patient group benefit. Hence, “patient group” 
is defined by the condition for which the patient needs treatment. 
These studies may even be placebo controlled studies, because 
patient group benefit is not referred to each single study arm, but 
rather to the entire study sample. 
It is highly remarkable (and questionable) that the AMG permits 
children, but not adults, to be enrolled in medication studies which 
promise a benefit only at the patient group level. Even more sur-
prising, the AMG does not state whether consent by parents, le-
gal guardians or the guardianship court is needed in emergency 
situations before enrollment. The AMG does not even mention 
waiving consent.

The Declaration of Helsinki (2004) is not enforceable in Ger-
many. It recommends, but does not require, that studies waive 
consent if the patients are unable to provide informed consent. 
It even permits scientific studies which do not benefit the indivi-
dual patient or patient group. It neither mentions the assumed 
patient’s will nor does it restrict the waiving consent procedure to 
low risk and low burden studies. 
The ‘Additional Protocol to the Convention on Human Rights and 
Biomedicine, concerning Biomedical Research’ of the Council of 
Europe (2005) is not enforceable in Germany because it has 
not been signed or ratified. This protocol allows any treatment or 
intervention that promises a health benefit for the individual pa-
tient in emergency cases. Beyond this, it allows low risk and low 
burden studies with a possible patient group benefit in patients 
unable to provide informed consent irrespective of age. Howe-
ver, requiring persons to contribute to medical research appears 
questionable from a juridical and ethical perspective. 

Reference
Spickhoff, A. (2006). Forschung an nicht-einwilligungsfähigen 
Notfallpatienten. [Research on emergency patients unable to 
give informed consent]. Medizinrecht, 24, 707-15.



76

Inserat GE



77

SL01

Can Buccal Midazolam 
Replace Rectal Diazepam to 
Treat Prolonged Seizures?
Graham March (Special Products, Weyrbridge, United Kingdom) 

This lecture discusses the reasons for selecting midazolam as an 
alternative benzodiazepine to diazepam, together with the me-
rits of the buccal administration route. Three research papers are 
then discussed. The first one describes the pharmacokinetics of 
midazolam absorption from the buccal cavity, showing that brain 
activity was affected after 5-10 minutes without respiratory de-
pression. Having shown that buccal midazolam is potentially an 
effective therapy, the second paper describes a small clinical trial 
in children with prolonged seizures. It showed that buccal mida-
zolam is at least as safe and effective as rectal diazepam when 
administered shortly after the commencement of a prolonged 
seizure. The third paper addresses the question of the efficacy of 
buccal midazolam treatment after a delay caused by transporting 
the patient to the Emergency Room in four paediatric hospitals. 
This much larger study showed that buccal midazolam stopped 
prolonged seizures faster than rectal diazepam and also tended 
to prevent the reoccurrence of another seizure for a longer time.

Mini satellite symposium
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P01

Changes in cerebral P-glycoprotein function following sta-
tus epilepticus in rats quantified by an improved method to 
measure brain uptake of (R)-[11C]-verapamil.
Jens P. Bankstahl1, Claudia Kuntner2, Marion Bankstahl1, Thomas 
Wanek2, Johann Stanek2, Markus Müller3, Oliver Langer2, 3, Wolf-
gang Löscher1 
1 Institute For Pharmacology, Toxicology, And Pharmacy, Uni-
versity For Veterinary Medicine Hannover, 2 Dept. Of Radio-
pharmaceuticals And MicroPET Imaging, Austrian Research 
Centers, Seibersdorf, 3 Dept. Of Clinical Pharmacology, Medi-
cal University Of Vienna 

Introduction: Multidrug efflux transporters like P-glycoprotein 
(Pgp) at the blood-brain barrier (BBB) are believed to play an im-
portant role in resistance to antiepileptic drug treatment. Positron 
emission tomography (PET) can be used to measure Pgp func-
tion, but low brain uptake of (R)–[11C]verapamil hampers the 
mapping of Pgp function in different brain regions. We investiga-
ted if Pgp modulation prior to PET imaging is suitable to quantify 
differences in Pgp expression after status epilepticus (SE) in rats. 
Methods: To study regional differences of cerebral Pgp activity, 
paired (R)–[11C]verapamil PET scans, before and 2 h after admi-
nistration of the third generation Pgp inhibitor tariquidar (3 or 15 
mg/kg), were performed both in naïve female Sprague-Dawley 
rats and in rats 48 h after pilocarpine-induced SE. Results: The 
15 mg/kg tariquidar dose uniformly increased radioactivity distri-
bution across different brain regions, both in naïve and SE rats. 
In SE but not in naïve rats, the 3 mg/kg tariquidar dose resulted 
in obvious regional differentiation of brain radioactivity distribu-
tion, with lowest uptake observed in cerebellum. Immunohisto-
chemical staining demonstrated an almost 2-fold increased Pgp 
content in the cerebellum of SE rats as compared to control rats. 
Conclusion: Our data suggest that (R)–[11C]verapamil PET in 
combination with administration of moderate doses of Pgp inhibi-
tors can be used for the mapping of regional Pgp function in the 
brain. The current data will help to study changes in Pgp-function 
at the BBB in further models of SE as well as in pharmacoresis-
tant epilepsy patients. (Supported by the EU [EURIPIDES]). 

P02

Epidemiological characteristics and predictors of outcome 
in pediatric status epilepticus.
Verónica Cantarín-Extremera1, Juan-José García-Peñas1, Juan 
Casado-Flores1, Mari-Luz Ruiz-Falcó1, Luis G Gutiérrez-Solana1, 
Anna Duat-Rodríguez1, Laura López-Marín1, Julián Lara-Hergue-
das1 
1 Hospital Niño Jeus 

Introduction: Status Epilepticus (SE) is one of the most common 
emergencies in the pediatric population. The factors most related 
with prognosis of SE in children are etiology and time between 
onset of SE and start of treatment. The purpose of this study was 
to describe the epidemiological characteristics and predictors of 
poor outcome in pediatric SE who required admission to pediat-

ric intensive care unit (PICU). Method: We made a retrospective 
study of patients less than 18 years of age diagnosed of SE 
between January 1996 and December 2008 who were admitted 
to the PICU. We analyzed clinical and epidemiological variables, 
results of complementary tests, treatment modalities and long-
term sequelae. Results: The study population included 79 cases. 
Refractory SE affected 43 patients (54%). The highest number 
of SE was found in children older than 2 years of age (62%). We 
found statistically significant association between poor outcome 
and sex male (P=0.008), duration of the seizure (P=0.002) and 
abnormal cerebral magnetic resonance imaging (MRI) (P=0.05). 
There were relapses of SE in 39% of cases. There was statisti-
cally significant difference between poor outcome and having a 
new episode of SE or subsequent convulsions (P=0.02). Morta-
lity rate was 5% and was associated with remote and progres-
sive symptomatic etiologies. Conclusions: A history of prolonged 
duration of SE, male sex and abnormal cerebral MRI were asso-
ciated with a poor outcome. Refractory SE was more common 
in patients with prior history of neurology disease, symptomatic 
etiologies, partial-onset seizures, and abnormalities in the elect-
roencephalogram and cerebral MRI. 

P03

4-methyloctanoic acid is an effective compound in the 
treatment of an animal model of status epilepticus.
Pishan Chang, Matthew Walker 
Department Of Clinical And Experimental Epilepsy 

Purposes: The antiepileptic drug valproic acid (VPA) is a branch 
chain fatty acid that has been used in status epilepticus (SE). In 
animal models of SE, VPA has neuroprotective effects and partly 
prevents behavioral alterations following status epilepticus. Here, 
we asked whether another branch chain fatty acid, 4-methyloc-
tanoic acid (MA) is effective in SE. Methods: We tested the ef-
ficacy of VPA and MA (1mM) in in vitro models of SE induced 
in hippocampal-entorhinal -cortex slices using pentelentetrazol 
(2 mM) or low magnesium. We then tested these compounds 
(400mg/kg) in an in vivo model of self-sustaining SE (SSSE) 
using electrical stimulation of the perforant path. Result: The in 
vitro experiments indicated that MA is more potent than VPA in 
decreasing spike frequency. In the in vivo experiments, VPA initi-
ally briefly decreased spike amplitude, which then increased to a 
mean amplitude of 121±20% of amplitude prior to treatment; the 
frequency remained unchanged (102±14%). In contrast, MA si-
gnificantly suppressed the spike amplitude and frequency (mean 
amplitude: 23%±13% of amplitude prior to treatment; frequency: 
11±6%, P<0.01 compared to VPA-treated group). VPA treated 
rats had stage 2 behavioral seizures, whilst the behavioral seizu-
res were abolished in the MA treated group. Conclusion: 4- me-
thyloctanoic acid exerts a powerful antiepileptic effect in both in 
vitro and in vivo models of status epilepticus, and it is more potent 
than VPA. 



79

P04

Upregulation of P-glycoprotein (ABCB1) function in Peri-
pheral Blood Mononuclear Cells with Epilepsy Patients
Kon Chu1, Jae-Sung Lim1, Keun-Hwa Jung1, Dae-Jong Jeon1, 
Kyung-Il Park2, Sang Kun Lee1 
1 Department of Neurology, Comprehensive Epilepsy Cen-
ter, Seoul National University Hospital, Seoul, South Korea, 2 
Department of Neurology, Inje University Hospital, Seoul, South 
Korea 

The P-glycoprotein (Pgp) is reported as the major multidrug re-
sistance (MDR) protein which mediates the resistances in the va-
rious tissues including astrocytes, endothelial cells of blood-brain 
barrier. The functional status of Pgp on PBMNCs in the epilepsy 
patients are not reported yet. The patients who have recurrent 
seizures despites of adequate treatment were included through 
outpatient department. The basic demographic and clinical data 
were inquired. We conducted the MDR shift and efflux assay with 
PBMNCs, and analyzed these results with the various clinical pa-
rameters. Total 38 epilepsy patients and 30 normal control sub-
jects were included. In the epilepsy groups, the mean age was 
37.9 years old and the mean duration of epilepsy was 18.9 years. 
The 3.8 anti-epileptic drugs (AED) were prescribed in average 
and the mean frequencies of seizure were 0.48 per months. The 
efflux assay of monocytes showed increased function in the epi-
lepsy patients compared with those of the normal control group. 
When the patients were categorized into the subgroups as low, 
intermediate, high functional according to the efflux assay results 
of monocytes, the seizure frequencies were significantly higher 
in the high efflux group. Although the shift assays of monocytes 
were significantly increased in the epilepsy group, there were no 
meaningful correlations with the various clinical findings. In con-
clusion, the Pgp efflux function of the monocytes might be corre-
lated with the current burden of epilepsy that is represented with 
seizure frequencies. These findings could help physicians to de-
cide the treatment strategies for the refractory epilepsy patients.

P05

Permissive Role of Cortical Dysplasia on the Epileptogene-
sis following Prolonged Febrile Seizure
Kon Chu1, Kyung-Il Park2, Keun-Hwa Jung1, Dae-Jong Jeon1, 
Sang Kun Lee1 
1 Department of Neurology, Comprehensive Epilepsy Center, 
Seoul National University Hospital, Seoul, South Korea, 2 De-
partment of Neurology, Inje University Hospital 

While atypical febrile convulsion (FC) is well known to be a risk 
factor of temporal lobe epilepsy (TLE), there is a lack of evidence 
as to whether FC provokes HS and subsequent TLE. Since the 
cortical dysplasia (CD) is prevalent in the surgical specimen of 
TLE patients, CD may link FC and TLE. In this study, we inves-
tigated that inborn CD would increase the risk of later epilepsy 
formation by prolonged FC in the rat model. The experimental CD 
model was made by in utero injection of methylazoxymethanol 
(MAM). Rat pups from MAM-treated or control rats were subjec-

ted to prolonged FC. We examined morphological changes in the 
hippocampi of the epileptic rat brain, and evaluated spontaneous 
recurrent seizures (SRS) by longterm video-EEG monitoring. The 
MAM+FC group showed a significantly decreased hippocampal 
cell density in the CA1 area (50%-52% vs. FC-only, MAM-on-
ly, and normal control) and dentate hilus (80-81% vs. FC-only, 
MAM-only and normal control). A robust increase in mossy fiber 
synaptogenesis was also detected in the MAM+FC groups. Fur-
thermore, later SRS occurred in all rats in the MAM+FC group, 
while did in 50% and 25% of the rats in the FC-only and MAM-
only group, respectively. The frequency and total duration of SRS 
is higher in the MAM+FC group. Our study provides a model for 
deeper insight regarding epileptogenesis in dual pathology. Pre-
existing CD in the immature brain is likely to play a permissive 
role in epileptogenesis induced by prolonged FC. 

P06

Ketamine Combined with Atropine for the Delayed Medical 
Treatment of Soman-Induced Status Epilepticus
Frederic Dorandeu1, Pierre Carpentier1, Franck Dhote1, Valerie 
Baille1, Guy Testylier1, Claire Beaup1, Annie Foquin1, Guy Lalle-
ment1 
1 CRSSA/ département de Toxicologie 

INTRODUCTION: Organophosphorus nerve agents (NA), such 
as soman, are known to induce severe seizures and status epi-
lepticus (SE), seizure-related brain damage (SRBD) and lethality. 
An effective and quick management of the initial seizures is criti-
cal. However, field conditions may delay this treatment. A survey 
of the NA literature shows that, with the exception of NMDA re-
ceptor antagonists, no drug that can be used out of the hospital 
proves protective when seizures are left unabated for one hour 
or more. METHODS: Using different models of soman-induced 
SE, we evaluated 1) in guinea-pigs, the efficacy of combinations 
of atropine sulfate and either ketamine (AS/KET) or S(+) keta-
mine on neuropathology and lethality and 2) in mice, the effects 
of comparable combinations on central neuroinflammation 48 h 
post intoxication. RESULTS: In the guinea-pig model, repeated 
injections of racemic KET combined with AS could fully protect 
the animals from death and provided a good neuroprotection alt-
hough recurrent short seizures could still be observed at day one. 
The S(+) KET exerted similar properties but at lower doses. In 
mice, the AS/KET combination was able to limit cellular brain da-
mage, glial activation, as well as the increase in mRNA and rela-
ted pro-inflammatory markers (selected cytokines and adhesion 
proteins) provoked by the poisoning. CONCLUSIONS: ketamine, 
a NMDA antagonist in clinical use, combined with atropine, could 
constitute an effective treatment of severe NA-induced life-th-
reatening SE. However, further studies should be conducted to 
identify possible deleterious interactions with poisoning and SE 
and better define the mechanisms of the therapeutic actions.
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Plastic changes in parahippocampal regions of the rat after 
kainic acid-induced epilepsy
Meinrad Drexel1, Günther Sperk1 
1 Innsbruck Medical University, Department of Pharmacology 

The subiculum is the main output region of the hippocampus re-
ceiving input from the CA1 region and projecting to the entorhi-
nal cortex (EC), septum, mamillary nuclei, and the amygdala. It 
remains largely preserved in temporal lobe epilepsy (TLE) and 
therefore is importantly involved in the generation of epileptic 
activity arising from the hippocampus. Using histochemical me-
thods we investigated changes in the subicular-EC complex and 
its projections in the kainic acid (KA) model of TLE. We observed 
severe losses of neurons in the EC and in the subiculum ac-
companied by signs of reactive gliosis. The number of GAD67-ir 
interneurons was reduced in the subiculum and EC at late inter-
vals after KA-injection, but labeling for GAD67 and the vesicular 
GABA transporter was enhanced in the superficial layers of the 
subiculum and the EC. In these layers, also somatostatin-ir was 
elevated. The number of parvalbumin-ir interneurons was redu-
ced in the subiculum and the deep EC. We observed increased 
(or de novo) expression of NPY mRNA in pyramidal neurons 
throughout all parahippocampal areas and increased NPY-ir in 
the respective projections. Our data indicate activation of pro-epi-
leptogenic and antiepileptic mechanisms. Loss of parvalbumin-ir 
GABAergic basket- and axo-axonic cells may result in decreased 
inhibition of pyramidal neurons. On the other hand, increased ex-
pression of NPY and of other neuropeptides in axon terminals 
of pyramidal neurons and interneurons indicates neurochemical 
and morphological plasticity resulting in activation of endogenous 
anticonvulsive mechanisms. Supported by the Austrian Research 
Funds (P 19464) and the European Union Grant FP6 EPICURE 
(LSH-CT-2006-037315).
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Neonatal status epilepticus resulting in unilateral hippo-
campal sclerosis and temporal lobe epilepsy
Mark Dunleavy1, Sachiko Shinoda2, Clara Schindler2, Claire 
Ewart1, Ross Dolan1, David Henshall1 
1 Royal College Of Surgeons In Ireland, 2 Robert S. Dow Neuro-
biology Laboratories 

Hippocampal sclerosis is the most common pathology associated 
with temporal lobe epilepsy. Early life status epilepticus (SE) has 
been implicated as a potential causal factor. Despite the deve-
lopment of spontaneous seizures in a sub-population of animals 
following neonatal seizures, the immature brain remains largely 
resistant to the development of hippocampal sclerosis. In the cur-
rent study we examined the electrophysiological and pathophy-
siological consequences of focally-evoked status epilepticus in 
post-natal (P10) rat pups triggered by intra-amygdala microin-
jection of kainic acid. Neonatal SE resulted in extensive death of 
neurons in the ipsilateral hippocampal CA1 and CA3 subfields, 
as assessed by double-stranded DNA fragmentation and Fluoro-

jade B staining at P13. No damage was noted in the contralateral 
hippocampus. Cortical and hippocampal EEG recordings revealed 
the presence of spontaneous seizures with hippocampal involve-
ment at adulthood (P120-150) following SE at P10. Long term 
histological analysis (P55-65, P120-150) revealed the develop-
ment of unilateral hippocampal sclerosis comprising of CA1 and 
CA3 subfield neuronal loss (>50%), astrogliosis, mossy fiber sp-
routing, hydrocephalus ex vacuo and granule cell layer dispersion 
were also observed following SE at P10. Vehicle-injected animals 
displayed no abnormal pathology or electrographic events. Hip-
pocampal atrophy was confirmed in intact anesthetized adult ani-
mals by magnetic resonance imaging (7T). A significant positive 
correlation was found between HS grade and both frequency and 
duration of epileptic seizures at adulthood. Our data demonstrate 
that focally-evoked neonatal SE can result in classical unilateral 
hippocampal sclerosis and temporal lobe epilepsy.

P09

Pilocarpine-induced status epilepticus triggers angiogene-
sis in adult rat hippocampus
Xavier Ekolle Ndode Ekane1, Jari Nissinen1, Asla Pitkäinen1,2 
1 A.I.Virtanen Institute, 2 Department of Neurology, Kuopio Uni-
versity Hospital 

Angiogenesis is one of the processes triggered by status epilep-
ticus (SE). However, the spatiotemporal evolution angiogenesis 
and its association with other reorganization processes in the 
hippocampus are not yet understood. To address the association 
of angiogenesis, neurogenesis, and neurodegeneration we used 
pilocarpine-induced SE model of temporal lobe epilepsy. Using 
immunohistochemistry together with unbiased stereology, we as-
sessed vascular morphometry, number of proliferating endothelial 
cells and neurodegeneration in the subfields of the hippocampus 
and dentate gyrus at 2 d, 4 d, and 14 d post-SE. There was a 
decrease in total vessel length in the hippocampus at 2 d post-
SE (P<0.05) as compared to controls. The total vessel length 
increased back to control level in 2 weeks. Subfield analysis in-
dicated decrease in vessel length in the CA1 (P<0.01 as com-
pared to controls) at 2 d post-SE. At 14 d post-SE, vessel length 
in the CA3 had increased to 27 % of that in controls (P<0.01). 
Decrease in total vessel length at 2 d correlated with severity of 
neurodegeneration (r =-0,765, P<0.01). Increase in vessel length 
was associated with an increase in the number of proliferating 
endothelial cells with peak at 4 d (10 folds, P<0.001) as com-
pared to controls. As oppose to angiogenesis, neurogenesis was 
increased at 14 d compared to controls. This finding demonst-
rates that angiogenesis is one of the components of structural 
reorganization and is much faster than neurogenesis during epi-
leptogenesis.
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Reduced hippocampal injury and epileptogenesis after sta-
tus epilepticus in mice lacking the pro-apoptotic BH3-only 
protein Puma
Tobias Engel1, Brona Murphy1, Genshin Mouri1, Seiji Hatazaki1, 
Eva Jimenez1, Ina Woods1, Jochen Prehn1, David Henshall1 
1 Royal College Of Surgeons In Ireland 

Background: We have previously demonstrated focally-evoked 
limbic status epilepticus activates apoptosis-associated signal-
ling pathways and mice lacking the anti-apoptotic Bcl-2 family 
gene bcl-w are highly vulnerable to seizure damage. Pro-apop-
totic BH3-only proteins may function as upstream effectors in 
this pathway. Since Puma (p53-upregulated mediator of apo-
ptosis) is among the most potent BH3-only proteins we exa-
mined its role in neuronal death and epileptogenesis following 
experimental status epilepticus. Methods: Adult puma+/+, 
puma+/- and puma-/- mice were used. Mice underwent focally-
evoked limbic status epilepticus via intraamygdala microinjec-
tion of kainic acid. Brains were harvested 1-72 h later for gene 
expression and histological analysis. Additional puma+/- and 
puma-/- mice were fitted with EEG telemetry units for detec-
ting and quantifying spontaneous seizure occurrence. Results: 
Puma was largely undetectable in control mouse hippocampus. 
Hippocampal levels of Puma and the transcription factor p53 
were up-regulated within 1 h of status epilepticus and prior to 
mitochondrial dysfunction (cytochrome c release). Administra-
tion of the p53 inhibitor pifithrin blocked Puma induction and 
attenuated hippocampal injury after status epilepticus. Puma-/- 
mice displayed significantly less neuronal death in hippocampal 
CA3 when compared to wild-type and heterozygous mice at 72 
h. Video-EEG recordings determined that while both puma+/- 
and puma-/- mice developed chronic recurrent seizures, the 
incidence of epileptic seizures was significantly less in puma-
/- mice. Conclusion: The present data suggest Puma may be 
an apical effector of apoptosis-associated cell death signalling 
following status epilepticus and targeting Puma may have neu-
roprotective and anti-epileptogenic effects.

P11

Alterations in Blood-Brain Barrier Integrity in Pentylenetet-
razole-Kindled Rats with Cortical Dysplasia
Candan Gurses0, Mehmet Kaya, Rivaze Kalayci, Nadir Arican, 
Bulent Ahishali, Oguzhan Ekizoglu, Imdat Elmas, Mutlu Kucuk, 
Duran Ustek, Bilge Bilgic, Gonul Kemikler 
1 Istanbul University, Istanbul Faculty of Medicine, Dept Neu-
rology, 2 Istanbul University, Istanbul Faculty of Medicine, Dept 
Physiology, 3 Istanbul University, Istanbul Faculty of Medicine, 
The Institute of Experimental Medicine, 4 Istanbul University, 
Istanbul Faculty of Medicine, Dept Forensic Medicine, 5 Istan bul 
University, Istanbul Faculty of Medicine,The Institute of Experi-
mental Medicine

Introduction: Cortical dyplasia is a disruption in cortical architec-
ture that is associated with epilepsy in both children and adults. 

The cellular mechanisms underlying epileptogenesis in the set-
ting of CD are still poorly understood. Our aim is to assess BBB 
permeability and the ultrastructural alterations in rats. Methods: 
Sprague-Dawley rats and their litters were treated with the pro-
tocols that were previously described and modified. On embryo-
nic day 17, the pregnant rats were exposed to gamma-radiation 
(single dose of 145 cGy). The baby rats were given 30 mg/kg 
PTZ three times per week intraperitoneally to induce kindling mo-
del starting from the 2nd week after birth to the 8th week. The 
changes in the expression of occludin, which is a tight junction 
protein in BBB, were shown by using immunohistochemical and 
Western blot methods in addition to electron microscopy. The ex-
perimental protocols were approved by the Ethics Committee of 
Institute of Experimental Medicine, Istanbul University Results: 
No increased BBB permeability in PTZ-kindled animals with 
cortical dysplasia was found although in utero irradiation in rats 
predisposed to seizures and repeated administration of a sub-
convulsive dose of PTZ are known to lead to increased suscepti-
bility to seizures. However, acute PTZ-induced seizures in cortical 
dysplasic plus kindled rats increased BBB permeability to NaFlu. 
Conclusion: We hereby suggest that cortical dysplasia plus PTZ-
kindling could not potentiate seizure-related entry of macromole-
cules from systemic circulation into brain by compromised BBB 
integrity, however the induction of acute seizure in these settings 
induces increase in BBB permeability. 

P12

Aggressive behaviors in the lithium-pilocarpine rat models 
of temporal lobe epilepsy: Resident-Intruder Test 
Dae-Jong Jeon, Eun-Gee Bae, Keun-Hwa Jung, Kon Chu, Sang 
Kun Lee 
Comprehensive Epilepsy Center, Stroke & Stem Cell Laboratory 
in Clinical Research Institute, Department of Neurology, Seoul 
National University Hospital 

Purpose: Patients with chronic epilepsy frequently show be-
havioral problems affecting patients¡¯ quality of life. Particu-
larly among the abnormal behaviors, the relationship between 
aggression and epilepsy is poorly understood, and there have 
been little data so far in animal models, as well as in humans. In 
this study, we are to demonstrate the increased level of aggres-
sive behaviors in the lithium-pilocarpine rat models of temporal 
lobe epilepsy. 
Method: Adult Sprague-Dawley male rats with spontaneous 
recurrent seizures (SRS), after lithium-pilocarpine-induced sta-
tus epilepticus (SE), were subjected to a resident-intruder test 
to compare the levels of aggression with those for the control 
group. SRS frequency was assessed before the behavior test 
by video-EEG monitoring. The behavior test was done between 
42 and 56 days after initial SE (chronic SRS phase). Results: 
Adult male rats with frequent SRS show the higher number of 
aggressive acts, bites and tail rattles than the control groups. In 
addition, they spent a greater proportion of the test engaging 
in non-social behaviors rather than social contact with the in-
truders. 
Conclusion: The lithium-pilocarpine rat models of TLE exhibited 
increased aggressive behaviors and limited social behaviors in 
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the resident-intruder test. This result can be applicable to study 
the neurobiological mechanisms underlying the association bet-
ween epilepsy and aggression, and also can be used to explore 
the behavioral effects of the antiepileptic drugs. 

P13

Status epilepticus at infancy and early childhood
Alexey Kholin1 
1 Russian State Medical University 

Introduction: Status epilepticus (SE) at infancy is non-rare, but 
non-completely investigated and sometimes non-well diagnosed 
problem. Methods: Were investigated 115 children with debut of 
SE before the age of three years. The prospective study was done 
in child neurology department of Russian Children Clinical Hos-
pital at the period 2006-2008. Results: At group of 115 child-
ren with debut of SE at infancy and early childhood have been 
diagnosed: malignant migrating partial seizures in infancy - 12 
patients (10,4%), early myoclonic encephalopathy - 11 (9,6%), 
Ohtahara syndrome (cases with status of cluster tonic spasms 
and minor motor seizures) - 13 (11,3%), West syndrome (cases 
with status of infantile spasms clusters) - 26 (22,6%), Dravet 
syndrome - 7 (6,1%), symptomatic focal forms - 43 (37,4%) and 
3 patients (2,6%) with isolated febrile SE. Were marked the fol-
lowing types of SE: status of epileptic spasms clusters and minor 
motor seizures - 39 patients (33,9%), status of myoclonic seizu-
res - 19 (16,5%), status of GTCS - 13 (11,3%), migrating elec-
tro-clinical status of focal seizures - 12 (10,4%), hemicolvulsive 
status - 11 (9,6%), versive tonic seizures status - 8 (7%), atypical 
absences status - 7 (6,1%), hemifacio-pharyngo-oral seizures - 
3 (2,6%) and status of generalized tonic seizures - 3 patients 
(2,6%). Conclusions: The most frequent type of SE at infancy is 
the status of clusters of epileptic spasms (33,9%). A special type 
of SE at infantile population is migrating electro-clinical status 
of focal seizures which is not marked at children of senior age 
groups and adults.

P14

Febrile infection responsive encephalopathy of school-age 
(FIRES) with unexpected favorable evolution
Christian Korff1, Joël Fluss1, Nathalie Valenza1, Sophie Déglise1, 
Anne-Chantal Héritier-Barras1, Fabienne Picard1, Solène Ferey1, 
Jacqueline Delavelle1, Peter Rimensberger1, Eliane Roulet Perez2, 
Marc Tardieu3, Olivier Dulac4, Caroline Menache1 
1 HUG, Geneva, Switzerland, 2 CHUV, Lausanne, Switzerland, 
3 Le Kremlin-Bicêtre, Paris, France, 4 Necker-Enfants Malades, 
Paris, France 

Introduction: Febrile infection responsive encephalopathy of 
school-age (FIRES), also known as devastating encephalopa-
thy in school-age children (DESC), is a severe encephalopathy 
that begins with refractory status epilepticus (RSE). After 1 to 
3 months, severe epilepsy and cognitive difficulties develop. We 

report a boy with FIRES, who became seizure free after 5 weeks 
of RSE, and whose favorable cognitive outcome allowed a return 
to school. Case Report: An 8.5 year-old boy presented with focal 
seizures 4 days after a febrile illness. The increasing seizure fre-
quency paralleled a deterioration in his state of consciousness. 
From day 5 after seizure onset, and during 5 weeks, the patient 
was in RSE, despite conventional antiepileptic drugs, barbiturate 
coma, ketogenic diet, steroids, intravenous immunoglobulins, and 
plasmaphereses. At five weeks, the patient progressively regai-
ned consciousness. At three months, he was seizure-free on 3 
drugs, and his cognitive examination only revealed mild episo-
dic memory and attention difficulties. Relevant work-up results: 
CSF (1 day): 17 white cells, proteins 1.04 g/L, absent neurotro-
pic pathogens. EEG (1 week): generalized periodic epileptiform 
discharges, electrographic seizures; EEG (3 months): normal 
background, intermittent left temporal slowing. MRI (5 weeks): 
bilateral hippocampal sclerosis, cortical-subcortical atrophy. Se-
rum: negative anti-neuronal antibodies. Discussion: Our report 
illustrates the fact that the prognosis in FIRES or DESC may not 
always be as severe as previously thought. Being aware of such 
a potentially favorable evolution is of importance in a situation 
which prognosis is invariably considered severe. 

P15

Effects of 2-chloroadenosine on lithium-pilocarpine status 
epilepticus elicited in immature rats
Hana Kubová1, Markéta Škutová1, Pavel Mareš1 
1 Institute Of Physiology, Academy Of Sciences 

INTRODUCTION: Adenosinergic inhibitory system is able to 
modulate activity of many brain structures. Agonist of adenosi-
ne receptors 2-chloroadenosine was demonstrated to ameliora-
te pilocarpine status epilepticus in adult rodents. Therefore we 
studied an action of this agonist on status epilepticus elicited in 
immature rats. METHODS: Two age groups were used: 12- and 
25-day-old rats. Animals pretreated with lithium chloride were 24 
h later injected with pilocarpine (40 mg/kg i.p.). Thirty min later 
2-chloroadenosine was injected in doses of 1, 5 or 10 mg/kg 
i.p., controls received saline. Each age and dose group consis-
ted from 8-9 animals. RESULTS: Latency to convulsive seizures 
was increased by the two lower doses in both age groups. The 
10-mg/kg dose of 2-chloroadenosine suppressed completely 
convulsions, the animals exhibited only epileptic automatisms. 
Morris water maze as a test of spatial learning and memory was 
performed in adulthood, i.e. more than two months after status. 
There was no change in rats undergoing status at the age of 12 
days. In contrast, all groups of animals with status at the age of 
25 days, performed worse than control animals receiving only 
lithium chloride. Treatment with 2-chloroadenosine paradoxically 
even worsened the learning in these animals. CONCLUSION: In 
spite of less severe convulsions during acute status in 25-day-old 
rats treated with 2-chloroadenosine effects on spatial memory in 
adulthood are more serious. This study was supported by a grant 
No.NR9184/3 of the Ministry of Health of the Czech Republic 
and by a Research Project AV0Z 50110509. 
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The influence of CDP-choline on bicuculline-evoked 
seizure susceptibility in hyper- and normoglycemic mice 
exposed to Levin’s model of oligemia/hypoxia
Konrad Rejdak1, 2, Pawe3 Grieb2, Zbigniew Stelmasiak1 
1 Department Of Neurology, Medical University Of Lublin, Lublin, 
Poland, 
2 Medical Research Center, Polish Academy of Sciences, 
Warsaw, Poland 

Introduction: Seizures represent a relatively common complication 
to transient or permanent ischemia. Preischemic hyperglycemia 
aggravates brain damage due to transient cerebral ischemia and 
induces delayed seizures. The aim of the study was to examine 
the influence of hyperglycemia on seizure susceptibility in mice 
exposed to oligemic/hypoxic insult. Additionally the effect of po-
tentially neuroprotective citidine diphosphate choline (CDP-cho-
line) on that parameter was determined. Methods: In this study 
an experimental Levin’s model of oligemia-hypoxia was adapted 
to male Albino Swiss mice. Hyperglycemia was induced by oral 
administration of 40% glucose solution (4g1kg) 30 min before 
hypoxic insult. Seizures were induced with bicuculline (3.5 mglkg 
s.c.) 3 days after the surgery. Animals were treated with CDP-
choline (3 x 200mg/kg i.p.: once daily for 3 days after hypoxia, 
last dose 24 hours before seizure induction). Results: Obtained 
results indicate that normoglycemic Levin mice displayed incre-
ased frequency of clonic bicuculline seizures while prehypoxic 
hyperglycemia significantly potentiated clonic/tonic seizure acti-
vity. Acute treatment with CDP-choline diminished frequency of 
clonic seizures in normoglycemic Levin mice but did not influence 
the bicuculline seizure susceptibility in hyperglycemic and sham 
operated animals. The drug did not change seizure susceptibi-
lity in sham operated controls. Conclusion: Transient oligemia/
hypoxia in hyperglycemic mice leads to increased susceptibility 
to bicuculline evoked status epilepticus. CDP-choline had partial 
potency to prevent the pro-convulsant effect of the brain olige-
mia/hypoxia. 
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Subtle Signs of Different Manifestations of Non-convulsive 
Status Epilepticus: Diagnostic and Prognostic Challenges
Radmila Sujic1, M Miladinovic2, J Ikonomovski3, D. Vranjes4, 
B. Cvetkovic5, V Nikolic6, J Malovic7, S Kostic8, A Stanic9 
1 Zvezdara University Medical Center, Dep. of  neurology 
 Belgrade Serbia, 2 Zvezdara University Medical Center, 
 2Anesthesia and Reanimation Department, Belgrade, Serbia,  
3 Zvezdara University Medical Center, Nephrology  Intensive 
Care; Belgrade, Serbia, 4 Zvezdara University Medical  Center, 
Dep. of neurology Belgrade Serbia, 5 Zvezdara University 
 Medical Center, Psychiatry clinic, Belgrade, Serbia

Introduction-The actual incidence of non-convulsive status 
 epilepticus (NCSE) is about 6 times higher than diagnosed in 
epidemiological studies. The purpose of this paper is to present 
the range of different manifestations of NCSE Method-Retros-

pective series of 18 patient cases.Studied variables include wor-
king diagnosis, time to established NCSE diagnosis, outcome, 
age and etiology. Results-Sample consisted of 10-female and 
8-male patients. Mean age was 50.5 years. Total lethality was 
33%.In ambulatory patients-10 the ictal symptoms have not 
been recognized 2 -21day. Working diagnoses were behavioral 
disturbances, depression and acute confusion, in older patients 
- over 60 years, dementia and cognitive deterioration. Etiology 
was: epilepsy - (in 5 cases), brain tumor (2), encephalitis (2), unk-
nown(1). Introduction of antiepileptics resulted in improvement 
of consciousness, decrease of EEG discharges, improvement 
of cognitive efficacy, except in one patient who developed de-
mentia. In the intensive care patients consciousness alterations 
ranged from acute confusion states to coma. Etiology was acute 
cerebrovascular insult-(4cases), metabolic disorders (1), acute 
cerebral ischemia after cardiopulmonaryreanimation (1), terminal 
renal insufficiency accompanied with metabolic disorders (1) and 
with sepsis (1). Mortality was 75% in intensive care patients. Two 
surviving patients were discharged as ambulatory . One surviving 
patient had metabolic disorder, and the other had a cerebrova-
scular insult with underlying Wernicke-Korsakoff syndrome and 
was discharged with severe memory deficit. Conclusion NCSE 
should be suspected as a possible condition in cases of rapid 
consciousness alterations and requires EEG changes follow-up. 
NCSE unrecognized result in more severe cognitive deficit and 
in intensive care patients it is a sign of poor prognosis and high 
lethality. 
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Intravenous Levetiracetam in the Treatment of Status 
Epilepticus
Rute Teotónio1, Conceição Bento1, Francisco Sales1 
1 Neurology Department, Hospitais Da Universidade De Coim-
bra 

Introduction: Status epilepticus (SE) requires a prompt and effec-
tive treatment. Levetiracetam (LEV), usually used for refractory 
partial epilepsy with or without secondary generalisation, has now 
an intravenous (IV) formulation which relevance for SE treatment 
is not yet well defined. Methods: We report 3 SE cases treated 
with intravenous LEV. 
Results: Case 1: A 61 years old male with epilepsy since child-
hood developed a simple partial motor SE. He was treated with 
IV 1000mg phenytoin followed by IV LEV 1500mg given over 15 
minutes with maintenance of seizures. A continuous IV propofol 
(10cc/h) was then administered successfully. Case 2: A 37 years 
old male with history of left frontal arteriovenous malformation 
surgery, started with simple partial SE (aphasia) during video-
EEG recording. After IV diazepam, IV clonazepam and IV 1500 
mg LEV there was no EEG pattern change. A 1000mg phenytoin 
perfusion was then tried with no response. A SE resolution was 
finally obtained after continuous IV propofol (10cc/h). Case 3: A 
64 years old male with history of alcoholic cirrhosis developed 
esophageal bleeding and hepatic encephalopathy. He started 
with convulsive SE and was treated with 3mg IV clonazepam, 
20mg/Kg phenytoin loading dose and intramuscular 200mg 
phenobarbital. There was no change in seizure frequency. It was 
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then administered 1500mg IV LEV which ended the seizures. 
This procedure was repeated twice daily during 3 days. Conclu-
sions: LEV seems to be a possible and safe alternative for SE 
treatment. However which patients might benefit from it must be 
clarified. 
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Febrile infection responsive epileptic (FIRE) encephalopa-
thy in children: A non-encephalitic cause of status epilep-
ticus
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rology, University Hospital RWTH Aachen, 3 Epilepsy Centre for 
Children and Adolescents, Behandlungszentrum Vogtareuth 

Introduction: Even though status epilepticus (SE) occurs after 
simple febrile infection and detection of pathogens in cerebral 
spinal fluid fails, an encephalitis is generally the presumed cause. 
Methods: Multicenter case series. Results: From 1997 to 2008, 
12 previously healthy children aged 3 – 15 (median 7.5) years 
presented with SE 3 – 14 (median 5) days after fever onset (8 
children with airway infections). An additional 4 children with 
recurrent seizures instead of SE and 1 without fever were not 
included. Pathogens were detected in serum or nasopharynge-
al aspirate of 4 children (parvovirus B19, rhinovirus, echovirus, 
Epstein-Barr virus). Cerebral spinal fluid studies revealed 0 – 42 
(median 6.5) white cells/µl and no pathogens. Metabolic inves-
tigations yielded normal results. EEGs showed bilateral dischar-
ges with temporal predilection in 9 children. During acute period, 
brain MRIs demonstrated slightly increased signal intensity with 
hippocampal or temporal predilection in 6 children, diffuse edema 
in 2, and no abnormalities in 4. Anaesthetic barbiturates were 
used in 8 children and immunotherapy (dexamethasone and/or 
immunoglobulin) in 4. Brain biopsies were performed in 5 child-
ren showing gliosis and no inflammation. One child died, 6 remai-
ned in vegetative state, 3 developed refractory epilepsy, 1 had 
memory and attention deficiency, and 1 was healthy. Conclusion: 
The similarity between these clinical courses with various prodro-
mic febrile infections followed by SE and the lack of evidence for 
encephalitis suggest an autoimmune-mediated pathomechanism 
of a presumed febrile infection responsive epileptic (FIRE) ence-
phalopathy with catastrophic and devastating outcome in most of 
the previously healthy children.
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Experimental study on the protein expression of 
NMDAR2B and ERK1/2 in hippocampus of epilepsy rats 
induced by kainic acid
Zan W, JUN Fu, Shuisheng Wu, Weihong Lin 
Jilin University

Abstract: Background£ºNMDA receptor is made of three kinds 
of subunits (NR1¡¢NR2¡¢NR3), the subunit NR2B mostly distri-

buted in hippocampus and cortex. ERK1/2 belongs to MAPK 
family. Both of them are related to the synaptic plasticity and 
excitation of neuron, but the role of both in epilepsy process is 
not definite. The aim of this study is to observe the protein ex-
pressions of NMDAR2B and ERK1/2 in hippocampus of epi-
lepsy rats. Methods: Epilepsy rat models were made by injecting 
kainic acid 1:Ìl into amygdale under stereotactic instrument. 70 
male Wistar rats were randomly divided into 7 groups: Group A 
the control group; group B the false operation group; group C-G 
0.5h ¡¢2h¡¢6h ¡¢12h ¡¢24h epilepsy group; The protein expressi-
ons of NMDAR2B and ERK1/2 in the rat brain were tested by 
the methods of immunohistochemistry, and the grey values were 
calculated. Results: The grey value of NMDAR2B and ERK1/2 
positive cells in the group A¡¢B was 15.43¡À1.32¡¢15.34¡À1.58¡
¢1543357¡À1324¡¢and 1543215¡À1356 respectively. The pro-
tein expression of NMDAR2B increased from 2h (26.34¡À2.52) 
to 24h (23.43¡À3.31), attain the peak at 6h (27.31¡À3.02)after 
kindling. The protein expression of ERK1/2 increased from o.5h 
(2634768¡À2527) to 2h (5230965¡À3021), then returned to 
normal level at 6h (1643746¡À3310). Conclusion NMDAR2B is 
involved in the long process of epilepsy brain, and ERK1/2 revol-
ved in the process of epilepsy¡¯s happen and development. 
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Experimental study on the protein expression of Erk1/2 in 
hippocampus and myocardium of epilepsy rats induced by 
kainic acid.
Zan Wang, Shuisheng Wu
Jilin University

Abstract: Backgroud epilepsy (especially for status epilepsy )can 
cause injury not only in the brain, but also in the heart. Erk1/2 
belongs to MAPK family, which play an important role on the 
process of cell injury and protection. The aim of this study is to 
observe the protein expression of Erk1/2 in hippocampus and 
myocardium of epilepsy rats. Methods epilepsy rat models were 
made by injecting kainic acid into amygdale under stereotactic 
instrument. 70 male Wistar rats were divided randomly into 7 
groups: A the control group; B-G 0.5h ¡¢1h ¡¢2h ¡¢3h¡¢4h ¡¢6h 
¡¢12h epilepsy group. Erk1/2 protein expression in myocardium 
was tested using the method of immunohistochemistry, and the 
grey values were calculated. Results Erk1/2 positive cells distri-
buted rarely in hippocampus and myocardium in A group, Erk1/2 
positive cells of epilepsy groups were significantly higher in the 
hippocampus and myocardium of epilepsy rat from 0.5 h to 4h, 
attain the pink at 2h¡¢3h respectively after kindling, then returned 
to normal level at 6h. Conclusion Erk1/2 protein expression were 
up-regulated in epilepsy rats myocardium only in a short time. 
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Acute and long-term effects of lacosamide in an animal 
model of status epilepticus
Claude G. Wasterlain1, Thomas Stoehr2 
1 UCLA School Of Medicine, 2 formerly with SCHWARZ BIOS-
CIENCES, Inc. (a member of the UCB Group) 

Introduction/Background: Lacosamide, is a recently-approved 
anticonvulsant drug for adjunctive treatment for partial-onset 
seizures in adults. The aim of these experiments was to charac-
terize acute and long-term effects of lacosamide in an animal 
model for status epilepticus (SE). Methods: Self-sustaining SE 
was induced in male rats by 10s 20Hz trains of 1ms/30V pulses 
delivered every 1 minute over 30 minutes. Seizure frequency was 
assessed by continuous EEG and video monitoring immediately 
afterwards (acute experiments) and following ¡Ý6 weeks (long-
term experiments). Lacosamide was administered either 10 mi-

nutes (early treatment) or 40 minutes (late treatment) following 
self-sustaining SE onset. Results: In acute experiments, early 
lacosamide treatment dose-dependently and potently reduced 
self-sustaining SE; late treatment had less potent effects. Hip-
pocampal damage, assessed 72 hours following SE induction, 
was greatly reduced following the highest dose tested (50 mg/
kg). In long-term experiments, all untreated rats developed spon-
taneous recurrent seizures following SE. Early lacosamide treat-
ment dose-dependently reduced the number of spontaneous 
recurrent seizures, with a maximum of 70% reduction with the 
50 mg/kg dose. A significant reduction in spikes and cumulative 
time spent in seizures with lacosamide treatment was observed. 
Late treatment resulted in a 50% reduction in the frequency of 
spontaneous recurrent seizures in the highest dose groups (30 
and 50mg/kg), and the number of seizure-free animals increa-
sed from 0% in the untreated group to 65% in the highest dose 
groups. Conclusions: In this rat model, lacosamide demonstrated 
potent effects on acute status epilepticus and showed a potential 
for disease modification. 
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The Ketogenic Diet (K.D.)
Adel Mahmoud
King Fahad Medical City, Riyadh

Ketogenic diets have been employed for the treatment of intrac-
table epilepsy in children since 1921, although underlying me-
chanism remains unknown. Classically, the diet is indicated for 
seizures that do not respond to pharmacological therapy. The diet 
has been used in the treatment of glucose transport disorders. 
Pyruvate dehydrogenase complex deficiency and Phosphofruc-
tokinase deficiency have been treated successfully with the diet. 
The medium-chain triglycerides diet has also been used as an 
adjunct treatment for astrocytomas. Animal evidence points to a 
potential role of the diet. in the treatment of mood disorders.

The diet is used mainly in children; but increasing reports for use 
in adults are there. There are 3 types of the diet: the “classical 
diet, the medium-chain triglycerides diet, and the nonfasting out-
patient protocol. Any type of ketogenic diet is based on the prin-
ciple that one can “force” the body to use fatty acids and ketones 
as the main sources of energy, while decreasing the utilization 
of carbohydrates. Careful clinical observation is necessary when 
starting patients on the ketogenic diet, in order not to worsen 
pre-existing and undiagnosed conditions e.g. fatty acid oxidation 
defects.  Certain drugs are not advisable to be used simultane-
ously with the diet. Combining different modalities of treatment 
including antiepileptic drugs, V.N.S. with the diet has lead to en-
couraging results.
Interest of the ketogenic diet after success in refractory status 
epilepticus in an adult has been published recently.
Based on previous experience in Canada, (see table) we started our 
ketogenic diet program in King Fahad Medical City, Riyadh, K.S.A. 

196 patients with epilepsy from 5 centers in Canada using classic ketogenic diet are compared to 18 patients treated with 
MCT (medium chain triglycerides) diet at the Hospital for Sick Children during the period from September 1997 to the end 
of May 2001. We looked at age grou, seizure types, side effects, efficacy and failure of treatment.

Items Classic Diet MCT Diet P Value
Number of patients 196 28
Lost follow up 6 (3%) 0 (0%)
Mean age at diet onset 6.9 years 6.86 years
Mean age at seizure onset 19 months 25.5 months 0.34
Range of age at seizure onset 3 weeks-12 years Birth-11 years
Male: female ratio 112:84=1.3:1 16:12=1.3:1 1.0
Number of patients with single seizure type 47=24% 2=7%
Number of patients with 2-6 seizure types 148=75.5% 26=93%
Seizure free 26=13% 7=25% 0.15
>90% seizure reduction 51=26% 5=18%
>50% seizure reduction 57=29% 7=25%
Unchanged 55=28% 9=32%
Worse 7=3.5% 0=0%
At initiation: Nausea & Vomiting 44=22.5% 4=14% 0.46

Hypoglycemia 26=13.3% 6=21% 0.25
During diet: constipation 55=28% 7=25% 0.82

 Increased cholesterol 27=49% (of 55 patients) 3=9.33% 0.0006
 Renal stones 9=7.5% (of 120 patients) 0=0% 0.21

*  P value calculated for 
both groups comparing 
any response, no re-
sponse or worse was 
0.79 and it was 0.44 
when comparing all 
items together.

*  Conclusion: We con-
clude that MCT Diet 
efficacy and tolerability 
is comparable to classic 
diet and as an alternati-
ve, it gives children a wi-
der variety of foods and 
is more palatable.
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Prospective Study of Seizure Occurrence and 
Utility of EEG Monitoring in Critically Ill Children: 
An Interim Analysis
Nicholas Abend1, Alexis Topjian2, Maureen Donnelly1, Vinay Nad-
karni2, Dennis Dlugos1 
1 Division of Neurology, Children‘s Hospital Of Philadelphia, 
2 Division of Critical Care Medicine, Children‘s Hospital of Phil-
adelphia 

INTRODUCTION: We aimed to determine the incidence of sei-
zures and the clinical impact of continuous EEG (cEEG) findings 
in critically ill children. METHODS: Children in the PICU were 
prospectively enrolled if they met consensus screening criteria 
for performing cEEG, including: (1) persisting altered mental sta-
tus (MS) after a convulsion, (2) altered MS of unclear etiology, 
or (3) the presence of movements suggestive of subtle seizures. 
Children underwent at least 24 hours of cEEG. The impact was 
(1) “decisive” if it led to anti-convulsant medication initiation/ad-
justment or indicated specific events were not seizures, (2) “con-
tributing” if it ruled out seizures as a cause for MS change, or 
(3) “no impact.” RESULTS: 34 consecutive children underwent 
cEEG (median age 1.6 years, range 2 days to 19 years) over 5 
months. The primary indications included altered MS with (47%) 
and without (53%) prior convulsions. Primary conditions included 
diffuse hypoxic ischemic brain injury (10), encephalitis (4), and 
status epilepticus (3). Seizures occurred in 62% (21 of 34), con-
stituted SE in 43% (9 of 21), and were entirely non-convulsive in 
58% (14 of 21). Non-convulsive seizures were detected in 69% 
(11 of 16) of patients with altered MS after convulsive seizu-
res. The impact was “decisive” in 76%, “contributing” in 24%, and 
“no impact” in 0. The most common clinical management change 
was initiating/adjusting anti-convulsants (21). CONCLUSIONS: 
Seizures are common in high risk critically ill patients with alte-
red mental status, and are often non-convulsive. In most patients, 
cEEG has a decisive impact on clinical care.
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Stroke as a cause of Status Epilepticus in a hospital based 
database.
Nazire Afsar1, Kadriye Agan1, Ipek Midi1, Gulin Sunter1, Sevinc 
Aktan1, Canan Aykut-Bingol2 
1 Marmara University Hospital Department of Neurology, 2 Yedi-
tepe University Hospital Department of Neurology 

Stroke is known to be a common cause of status epilepticus. 
The aims of this study were first to assess the timing and type 
of SE in stroke patients and second to determine the effects 
of stroke and the type of SE on the response to treatment and 
mortality. We retrospectively analyzed 314 episodes over a period 
of 8 years (January 1998 – December 2006). Eleven episodes 
were excluded because of missing clinical, EEG or imaging data. 
A total of 290 patients had 303 episodes. Recurrent episodes (a 
total of 13) were excluded from further analysis in order to avoid 
confounding in prognostic data. Among these 72 (49 female, 23 

male) cases (25.5%) of stroke SE were identified and evaluated. 
There were 40 early-onset group, and 31 late-onset SE. There 
were significantly more patients older than 65 years in the stro-
ke group compared to the non-stroke group (80.6% vs 19.4% 
p:0.0001). Nonconvulsive SE (NCSE) (56.9%) was more fre-
quent than convulsive SE (CSE) (31.9%) among stroke patients 
(p: 0.007). However, there was no difference among acute and 
late onset SE in terms of SE type and mortality. As a conclusion 
older age and NCSE type seemed to be important risk factors for 
status epilepticus associated with stroke. 
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Use of intravenous levetiracetam in the treatment of status 
epilepticus 
Maria Aiguabella1, Vicente Villanueva2, Pilar de la Peña, Albert 
Molins4, Merce Falip1, Irene Garcia Morales5, Rosa Ana Saiz3, Ju-
lio Pardo6, Diego Tortosa7, Gemma Sansa8, Misericordia Veciana1 
1 Hospital de Bellvitge. Hospitalet de Llobregat, 2 Hospital La Fe 
de Valencia. Valencia, 3 Hospital 12 de Octubre. Madrid, 4 Hospi-
tal Josep Trueta. Girona, 5 Hospital ClÃ-nico San Carlos. Madrid

INTRODUCTION: Status epilepticus (SE) is a medical emergen-
cy. Early treatment may improve outcome, but the guidelines for 
the treatment of SE have not changed in decades. Levetiracetam 
(LEV) is a well tolerated, broad spectrum, highly effective new an-
tiepileptic drug. Intravenous form has become available in Spain 
last year. The objective of the study is to analyse the efficacy of 
LEV in treatment of refractory SE. MATERIAL AND METHODS: 
we retrospectively included patients with SE treated with intra-
venous LEV from 9 hospitals in Spain. All patients were treated 
following the accepted worldwide guidelines (benzodiacepines 
plus phenitoin or valproate). LEV was used as add on therapy, 
except on those cases that patient had contraindication for clas-
sical treatment. Efficacy was defined as seizures cessation in the 
next 24 hours after starting LEV, with no need of further antiepi-
leptic drug. RESULTS: 31 patients were included, 18 men and 13 
women. Mean age was 60 years (range 14-92 years). Most fre-
quent SE type were focal complex in 17 patients. Most frequent 
etiology was cerebrovascular desease, followed by unknown, tu-
moral and changes in treatment. Globally LEV was effective in 19 
patients (67.7%), in refractory SE the efficacy of LEV was 50% 
and in patients treated with LEV after benzodiacepines the effi-
cacy was 80%. LEV was well tolerated, only 4 patients reported 
adverse effects, leading to treatment discontinuation in one. 
CONCLUSION: intravenous LEV is effective in refractory SE, and 
it could be an alternative in add on therapy. 
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Visual Aura
Tiberius-Razvan Alecu1 
1 Medicine Faculty Oradea , Romania 

Objectives : The patients with refractory epilepsy have many ty-
pes of auras. Auras may be classified by symptom type: the vi-
sual types, special sensory, autonomic, or psychic symptoms. The 
most important is the visual auras which occure in the great part 
of temporal lobe and precede about 50% of epilepsy seizures. 
Methods: A patient 28 years old, with secundar generalized tem-
poral epilepsy, has been stimulated with different visual stimuli, 
high intensity, especialy : stroboscop light, white light, brightness 
light, aproximativelly during 10 seconds. Result: After 10 seconds 
come into sight visual auras, time is 5 seconds. In this time vision 
was concentrated in the area occupied by the visual aura. Imme-
diatly starting the epilepsy temporal seizure tonico-clonic time is 
aproximatelly 1- 3 minutes. Conclusions: My investigation aims to 
show you inside visual aura and how it is, what colours appear. 
For each patient with visual auras, the visual stimulus represents 
the first and the most excitatory stimul for the patient. Another 
stimulus : physical and psychical effort, tiredness, cafein, stress, 
drugs, they are less important, with effect minutes later just hours 
face to the visual stimul.
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Use of the Internet to facilitate drug trials in Status Epilep-
ticus.
Peter Bergin1, Tony Ip2, Robert Sheehan2 
1 Auckland City Hospital, Auckland, New Zealand, 2 University of 
Auckland, Auckland, New Zealand 

Introduction: Large multicentre studies comparing antiepileptic 
drugs could be performed in patients with status epilepticus by 
using the Internet to recruit patients. Methods: Doctors would log-
on to a website, and answer several questions regarding the epi-
sode of status (What is the type of status? Is the cause known? 
What drugs is the patient taking? Are any of the study drugs 
contraindicated? Has the patient had an EEG?) Patients could be 
selected for different studies depending on the aetiology or type 
of status. If predetermined criteria were met, the patient would be 
randomised immediately, and explicit instructions given regarding 
treatment. The on-line form could be completed and a response 
received within a few minutes. Follow up data would be collected 
on-line. Results: We have demonstrated in a pilot study that the 
Internet can be used to recruit patients for randomised controlled 
trials of anti-epileptic drugs. We established an Internet-based 
epilepsy-database, and invited neurologists and paediatric neuro-
logists throughout New Zealand to register patients with epilepsy 
via the Internet whenever they were uncertain of the optimal ma-
nagement. 137 patients were registered in 6 months, of whom 
113 were considered suitable for drug trials. We produced an 
algorithm to select a sub-group of patients who had failed to 
respond to a single antiepileptic drug. Thirty-five patients who 
had used a single drug were enrolled, and 14 were randomised 

on-line to a different drug. Conclusion: This approach could be 
easily adapted for randomised controlled trials in status. Use of 
the Internet would greatly facilitate trials. 
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Etiology, treatment and predictors of outcome in status 
epilepticus (SE) in an austrian central hospital
Georg Caravias, Franz Gruber, Hannelore Trägner, Milan Vosko, 
Gerhard Ransmayr 
AKH Linz 

Background: To establish data on causes and outcome of SE at 
our department as baseline for future efforts of standardization 
of treatment and documentation Methods: Review of the medical 
records of all patients discharged from our department (neurolo-
gy including NICU) in the last 2 years with the diagnosis of SE 
(ICD G41.0-G41.9) Only cases with typical motor activity and/or 
behaviour, typical EEG patterns or improvement after medication 
in non-convulsive SE were included. All fulfilled the Loewenstein 
criteria of SE. Results Mean age of 47 included patients was 66,6 
years (median 70,5 years, range 24,9-97,0 years; 61,7% females; 
61,7% without previous history of seizures). Psychomotor status 
(PMSE) was observed in 22 patients (46,8%), generalized tonic-
clonic SE (GTCSE) in 20 (42,6%), simple focal motor status in 3 
(6,4%), myoclonus status and absence status in 1 (2,1%) each. 
42 Patients primarily received benzodiazepine-derivates (seizure 
control in 7;14,9%). 33 Patients needed a mean 1,5 antiepilep-
tic drugs second line (seizure control in 16;34,0%). 16 Patients 
(34,0%) needed intubation (refractory SE, subsequent seizure 
control in 12;25,3%) Mortality was 36,2% (infections were main 
cause of death; 21,3%) and was higher in GTCSE (40,0%) than 
PMSE (30,4%). Poor outcome factors were refractory SE (mor-
tality 57,1%) and acute symptomatic SE (71,5%). Favourable fac-
tors were pre-existing epilepsy (22,2%) and age >75y (26,3%; 
GTCSE were rare in this group) Conclusion: SE is variable in 
terms of presentation and causes. Even after immediate onset of 
diagnosis and therapy SE resulted in high mortality. Patients with 
chances for good outcome should be identified. 
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Frontal Lobe Epilepsy May Present as Myoclonic Seizure
Yong Won Cho1, Sang Doe Yi1, Won Chul Shin2, Ji Young Jung3, 
Gholam K. Motamedi4 
1 Dept Of Neurology, Dongsan Medical Center, Keimyung 
University, 2 Dept Of Neurology, Kyunghee University, East-West 
Neo Medical Center, 3 Dept Of Neurology, Korea University 
Medical Center, 4 Dept Of Neurology, Georgetown University 

Background: Frontal lobe seizures can present with a variety of 
clinical manifestations. However, to our knowledge there have 
been no reported cases of frontal lobe epilepsy presenting as 
myoclonic seizure. Methods: A 19-year-old man presented with 
frequent paroxysmal bilateral myoclonic jerks involving the up-
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per arms and trunk since age 10. Initially they were present only 
during sleep. The episodes came in clusters and occurred 15 
nights per month. He would not respond during the episodes and 
had no recollection in the morning. Recently, the myoclonic jerks 
have been occurring during wakefulness as well. He may follow 
a simple command during the episodes with no recollection af-
terwards. Results: His baseline EEG showed intermittent right 
frontal spikes (max F8-F4 electrodes). During the overnight poly-
somnography with extended EEG electrodes, he had episodes of 
arousal followed by bilateral upper body and extremity, left more 
than right, myoclonic jerks. The ictal EEG showed rhythmic sharp 
theta discharges in the right frontal lobe (max Fp2-F8-F4). His 
MRI showed a cortical dysplasia in the right inferior frontal gyrus. 
Using SISCOM, the SPECT study showed increased signal ab-
normality in this region. The DTI images showed defects in fas-
ciculi in the same area. Conclusion: To our knowledge this is the 
first case report of frontal lobe epilepsy presenting as myoclonic 
seizure. This case suggests that frontal lobe epilepsy should be 
considered in patients with myoclonic seizure. These findings 
are also in line with the notion that primary generalized epilepsy 
might be a focal seizure of frontal lobe origin.
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Clinical case of unprovoked status epilepticus after long 
term compensation.
Andriy Dubenko1 
1 Institute Of Neurology, Psychiatry And Narcology Of AMN Of 
Ukraine. 

Patient P. was born 1954. He had first seizure in 1971. Seizu-
re was diagnosed as complex partial seizure. Beginning of the 
treatment was in 1972 after 3 complex partial seizures. Starting 
antiepileptic was Phenobarbital, starting dose was 200 mg/day. 
Seizures were repeat, usually complex partial, but patient had 1 
or 2 complex partial seizures wilh secondary generalization. EEG 
dates 1972, 1973 years (interictal) - local epileptic activity in right 
lobe parietal leads after function loading. From 1974 dose was 
increase till 400 mg/day and patient had full seizures control. 
CT and MRT were not done till 1998. From 1994 due long-term 
remission of epilepsy decreasing dose Phenobarbital was begin-
ning. In 1996 in Phenobarbital dose 100 mg/day, without and 
provocation status epilepticus with complex partial seizures with 
or without secondary generalization (more after without) was de-
veloped. Using of diazepam could not cooped status. Status was 
cooped only after using combination infusion of diazepam and 
phenitoin. EEG during status and after shoved epileptic activity in 
right frontal zone. After 1 month after status cooping epileptic ac-
tivity in interictal EEG remained. MRI showed gliozis zone in right 
frontal zone. After status cooping patient had stable remission till 
now. (Valproic Acid and Phenobarbital till 2000, epileptic seizure 
control from 1998, 2000 till now - Valproic Acid). So if we had 
the same morphological and EEG epileptic focus decreasing of 
adequate antiepileptic therapy can he reason of status epileptic. 
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Factors determining the outcome of status epilepticus
Berend Feddersen1, Marion Einhellig1, Jan Rémi1, Soheyl Noachtar1 
1 University of Munich, Klinikum Grosshadern 

Introduction: Status epilepticus (SE) is a medical emergency 
which can lead to significant morbidity and mortality and requires 
prompt diagnosis and treatment. We wished to assess the factors 
which determines a poor outcome in convulsive (CSE) and non-
convulsive SE (NCSE) including semiology, etiology, localisation, 
duration of SE and therapy. Methods: We collected prospectively 
all patients with SE in the Department of Neurology, University 
of Munich from 1/2000 to 12/2006. We evaluated the Glasgow 
Coma Scale, Glasgow Outcome Scale, semiology, etiology, lokali-
sation, duration of SE and therapy in 311 patients with SE (mean 
age 62 years, range 12-97). Results: Outcome correlated with 
Glasgow Coma Scale at the beginning of SE (p<0.0001). Pati-
ents with CSE were treated more often succesfully, than patients 
with NCSE (92% versus 86%, p<0.05). That might be due to the 
significant shorter duration of CSE compared to NCSE (p<0.01). 
Furthermore, CSE was treated more aggressively with sedative 
therapy including intubation to interrupt SE compard to patients 
with NCSE (28% versus 13%, p<0.01). The worst outcome had 
the 9 patients with neurodegenerative disease as etiology. Con-
clusion: Patients with NCSE should be identified earlier to initiate 
faster treatment to improve the outcome of SE. 
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Ambulatory and comatose forms of non-convulsive status 
epilepticus in adults: Clinical, EEG and neuroimaging fea-
tures and treatment of 50 consecutive patients.
José L. Fernández-Torre1, Mariano Rebollo2, Agustín Gutiérrez3, 
Marián Martínez-Martínez1, Francisco Casariego-Pola1 
1 Clinical Neurophysiology, University Hospital Marqués de Val-
decilla, 2 Neurology, University Hospital Marqués de Valdecilla, 
3 Radiology, University Hospital Marqués de Valdecilla 

Background: Non-convulsive status epilepticus (NCSE) is a fas-
cinating epileptic entity responsible for an important percentage 
of status epilepticus (SE) among adult population. However, de-
tailed studies analyzing simultaneously both ambulatory and co-
matose forms of NCSE are absent. Methods: We have studied 50 
adult patients, older than 16 years, with diagnosis of NCSE who-
se electroencephalograms (EEGs) have been interpreted for the 
last 10 years by the same neurophysiologist (JLF-T). Two main 
groups including ambulatory and comatose/critically ill patients 
were considered. All clinical, EEG and neuroimaging data and 
antiepileptic treatment were carefully analysed. Results: Thirty-
two patients had an ambulatory form of NCSE. Fourteen (44%) 
were diagnosed as having absence status epilepticus (ASE), one 
(3%) had simple partial SE and seventeen (53%) had complex 
partial status epilepticus (CPSE). In addition, eighteen patients 
had a diagnosis of NCSE in coma. There were no statistically 
significant differences among patients with typical, atypical and 
situation-related ASE. The mean episode duration, mean number 
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of antiepileptic drugs and neuroimaging anomalies were signifi-
cantly greater in the partial NCSE group. The mean age, number 
of elderly individuals, mean episode duration and mortality rate 
were significantly greater in the comatose/critically group than 
in the ambulatory group. Conversely, a previous history of chronic 
epilepsy was significantly more frequent in the ambulatory group. 
Conclusion: There are important differences between both gene-
ralised and partial types and ambulatory and comatose forms of 
NCSE that justifies its use in the clinical practice. These results 
may be useful for developing future definitions and classifica-
tions for this epileptic condition. 
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A multicenter, open-label trial to assess the safety and 
tolerability of a single intravenous loading dose of lacosa-
mide followed by oral maintenance as adjunctive therapy 
in subjects with partial-onset seizures: an interim report
Nathan B. Fountain1, Gregory Krauss2, Jouko Isojarvi3, Deanne 
Dilley3, Pamela Doty3 
1 University Of Virginia, 2 John Hopkins University, 3 Schwarz 
Biosciences (a member of the UCB Group) 

Purpose To examine the safety and tolerability of a single, 15-mi-
nute IV loading dose of lacosamide followed by oral lacosamide 
maintenance treatment in subjects with partial-onset seizures 
currently taking 1–2 antiepileptic drugs. Methods: Consecutive 
25-subject cohorts were given three progressively increasing do-
ses of lacosamide (200, 300 or 400 mg) administered IV over 
15 minutes. Each cohort received the bolus dose followed by the 
equivalent daily dose administered orally twice daily for 6.5 days. 
The last cohort repeats the highest well tolerated dose to achie-
ve 50 subjects at this dose level. Safety and tolerability of each 
cohort was assessed prior to enrollment of subsequent cohorts. 
Thus, up to four cohorts are possible. Safety evaluations included 
adverse events (AEs), 12-lead ECGs, vital signs and laboratory 
parameters. Lacosamide plasma concentrations were measured. 
Interim results for completed cohorts are reported. Results: The 
first two cohorts have completed enrollment and data analysis is 
complete at 200 mg. No serious AEs were reported. Lacosamide 
plasma concentrations measured at 12 hours post-infusion and 
prior to initial oral dosing were similar to those measured at Days 
2 and 8. Enrollment is ongoing in additional cohorts. Conclusi-
ons: This interim evaluation supports the feasibility of a 200mg 
IV lacosamide loading dose in patients with partial-onset seizu-
res, and shows that the 200mg IV loading dose provided plasma 
concentrations similar to those achieved at steady-state on Day 
8. This suggests that 200 mg infusions of lacosamide over 15 
minutes are well tolerated and higher dose cohorts should be 
assessed. 
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Evaluation of Seizure Freedom and 75% Responder Rates 
with Lacosamide in Subjects with Partial-Onset Seizures in 
Phase II/III Clinical Trials
Jacqueline French1, Martin Brodie2, David Hebert3, Jouko Isojarvi3, 
Pamela Doty3 
1 University Of Pennsylvania, 2 University Department of Medici-
ne and Therapeutics, Western Infirmary, 3 SCHWARZ BIOSCI-
ENCES (a member of the UCB Group) 

Purpose: Lacosamide is a new AED approved in the EU and US 
for adjunctive treatment of partial-onset seizures in adults. This 
presentation summarizes seizure freedom and ¡Ý75% responder 
rates in a pooled population from 3 Phase II/III lacosamide clini-
cal trials. Whereas many studies have reported patients seizure 
free even if they dropped out due to side effects, this stricter 
analysis required completion of maintenance phase. Methods: 
Seizure freedom was defined as the proportion of all enrolled 
subjects completing the 12 week Maintenance Phase (MP) and 
remaining seizure free throughout the MP. The proportion of 
subjects experiencing a ¡Ý75% reduction in seizure frequency 
from Baseline to the MP was also evaluated. Results: Overall, 
subjects achieving seizure freedom were descriptively similar to 
the total subject pool. Among total subjects and MP completers, 
respectively, a dose-responsive trend for seizure-freedom rates 
was observed (2.7%, 3.3%, and 4.8% with increasing lacosamide 
dose vs 0.9% placebo). For 75% responder rates, a dose respon-
se was apparent between lacosamide 200 and 400 mg/day but 
not between lacosamide 400 and 600 mg/day, possibly due to 
the fixed-dose trial design combined with lower tolerability ob-
served at lacosamide doses above 400 mg/day. Conclusions: In 
this pooled analysis, seizure freedom was observed even in those 
predicted by epidemiological data to have the poorest likelihood 
for response. Seizure freedom and ¡Ý75% responder rates gene-
rally increased with increasing lacosamide dose; however, ability 
to show dose response is limited by lower tolerability at doses 
>400 mg/day. 
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Efficacy and safety of Intravenous Levetiracetam in child-
ren with Refractory Status Epilepticus and Acute Repetitive 
Seizures
Juan-José García-Peñas1, Verónica Cantarín-Extremera1, Julián 
Lara-Herguedas1, Laura López-Marín1, Anna Duat-Rodríguez1, 
Luis G Gutiérrez-Solana1, Mari-Luz Ruiz-Falcó1, María Rodrigo1, 
Manuel Leite-Cruzeiro1, Nuria Gutiérrez1 
1 Hospital Infantil Universitario Niño Jesús. Madrid 

Introduction: At present, acute anti-epileptic treatment in children 
still has important limitations in the therapeutic arsenal availab-
le and the high rate of adverse effects presented by the most 
frequently used antiepileptic drugs (AEDs). The purpose of this 
study is to describe the efficacy and safety of intravenous leveti-
racetam (LEV) in children with Status Epilepticus (SE) and acute 
repetitive seizures. Methods: Data from 35 consecutive children 
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aged 14 days to 18 years treated with intravenous LEV were 
retrospectively analyzed. Medical records of these patients were 
reviewed for demographic data, underlying neurological disor-
ders, indications, dose, and duration of use of intravenous LEV, 
seizure control, and adverse events. There was no bolus admi-
nistration, but in 29 patients we used an attack dose of 30 mg/
kg (maximum dose of 1.500 mg). In all patients, the given dose 
was infused for 10-15 minutes. The frequency of administration 
was every 8-12 hours. Results: Intravenous LEV was used for 
control of acute repetitive seizures in 25 patients and for refrac-
tory SE in 10 patients. The mean dose used was 50.75 mg/kg/
day. All patients received previous treatment with others intra-
venous AEDs. A symptomatic etiology was found in 30 patients 
(85%). Twenty five patients (71%) showed a seizure frequency 
reduction more than 50%, including thirteen patients (37%) who 
became seizure-free. Seventeen patients (48%) reported adver-
se effects being drowsiness the most commonly reported (40%). 
Conclusions: Our results indicate that intravenous LEV may be an 
effective and safe alternative in the treatment of acute repetitive 
seizures and refractory SE in children. 
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Perivenous encephalomyelitis as rare cause of status 
epilepticus
Dimitri Hemelsoet1, Frederik Vanhee1, Caroline Van Den Broecke2, 
Martin Lammens2, Paul Boon1 
1 Ghent University Hospital, Department of Neurology, 2 Ghent 
University Hospital, Department of Pathology 

Introduction Main causes of generalized status epilepticus (GSE) 
are low compliance for anti-epileptic drugs, intracerebral lesions, 
metabolic causes and withdrawal. However, sometimes the aetio-
logy cannot be found. Methods Two clinical case descriptions with 
histopathological result. Results Case 1: A 20-year-old woman 
presented at the ER with a first GSE. Her past medical history 
was negative. Neurological investigations revealed generalized 
brain atrophy. An anti-epileptic drug was started, but she was 
lost to follow-up. In the following months progressive neurologi-
cal problems developed (cognitive decline, speech and walking 
difficulties). After a few years she presented at our department. 
A brain MRI showed diffuse white matter lesions with gadolinium 
enhancement. Neurological work-up excluded multiple sclerosis, 
infectious, metabolic and rheumatological diseases, vasculitis and 
rare coagulopathies. After a stereotactic biopsy histopathological 
examination showed perivenuous encephalomyelitis (PVE). Cli-
nical symptoms and MRI lesions improved after starting steroids 
with azathioprine. Case 2: A 53-year-old woman presented with 
a first GSE. Acute investigations (including MRI, lumbar puncture, 
metabolic and infectious screening) yield no diagnosis and she 
was hospitalized on the ICU. Despite antiepileptic drugs, sedati-
on, antibiotics, antiviral treatment and steroids her situation wor-
sened. The GSE self-sustained, she developed cerebral oedema 
with subsequent cerebral herniation. After autopsy, histopatholo-
gical analysis confirmed PVE. Conclusion PVE or disseminated 
encephalomyelitis (DEM) is a rare form of demyelinating disease 
of the central nervous system in adults. It usually has an acute 
and monophasic course, but atypical multiphasic and chronic ca-

ses have been described. We demonstrate that DEM should be 
considered as a possible cause of GSE. 
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Clinico- electrographic variants of absence status epilep-
ticus.
Vladimir Karlov1 
1 Moscow State Medico-Stomatological University 

Introduction: As it has been lately revealed, the non-convulsive 
status epilepticus (NCSE) including absence status epilepticus 
(ASE) is an important problem not only in childhood ,but also with 
adult and old population. It is considered that clinical and elec-
trographic characteristics of ASE are the same as typical and 
atypical absences, but with prolonged stupor and slow rhythm 
at EEG. Method: Clinico-EEG investigation: 12 patients of 6-57 
years, night and day sleep monitoring, multistage dipole localiza-
tion. Results: 10 patients were admitted with different diagnosis: 
encephalitis, stroke, intoxication and stupor of unknown etiology. 
Consciousness level was different: stupor, spoor, coma1. One girl 
of 14 was admitted three times with light sings of extrapyramidal 
disorders, a patient of 57 years had light tetraparesis. EEG re-
vealed ASE, all symptoms have disappeared after consciousness 
and EEG normalization. Next variants of EEG were distinguished: 
1.Typical and atypical absence patterns. 2. Interrupted absence 
pattern: 0,5-1s pauses of epileptic activity . 3. Pattern of regional 
absence type continued activity .4.Electrical epileptic status of 
slow sleep in some patients. Arguments: ASE clinical clear up as 
stupor, but stupor is not coming to light during sleep; besides val-
proates the choice of drug is the specific anti-absence medicine- 
ethosucimide. Conclusion: Spike-wave stupor is not obligatery 
pattern of ASE. Consciousness level and neurological status can 
be modified. There are at least fore types electroencephalogra-
phic variants of ASE.
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Intravenous Lacosamide as treatment for status epilepti-
cus
Christoph Kellinghaus1, Sascha Berning1 
1 Dept. Of Neurology, Klinikum Osnabrueck 

Introduction/Background: Treatment of status epilepticus (SE) 
usually requires intravenous anticonvulsant therapy. Lacosamide 
(LCM) is a novel anticonvulsant drug that is available as infusion 
solution. Methods: We identified patients from our hospital da-
tabase who were admitted because of SE and received at least 
one dose of intravenous LCM during the course of the treatment. 
Results: Seven patients (3 female, 4 male) were identified. Me-
dian age was 71 years. One patient suffered from generalized 
convulsive SE, 5 patients had significant reduction of awareness 
with or without subtle motor symptoms, one patient had an apha-
sic status. Etiology was acute symptomatic in one patient, and 
remote symptomatic in 6 patients. LCM was administered after 
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first line therapy failed in all cases. In LCM bolus was 400mg in 6 
patients and 200mg in one patient. LCM administration stopped 
SE in 2 patients. In one of them, LCM was administered immedi-
ately after benzodiazepine administration, in the other one after 
failure of benzodiazepines and levetiracetam. In four patients, SE 
was terminated by PHT, PHB or OXC. In one patient, SE could 
not be terminated in spite of high doses of barbiturates. There 
was no adverse event documented that could possibly be attri-
buted to LCM Conclusion: Intravenous LCM may be an alternati-
ve treatment for SE after failure of benzodiazepines, particularly 
when more established agents such as phenytoin, levetiracetam 
or valproate are considered unsuitable.
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Seizure characteristics of Dravet syndrome
Alexey Kholin1 
1 Russian State Medical University 

Introduction: Severe myoclonic epilepsy in infancy (Dravet syn-
drome) is one of the most malignant epilepsy syndromes among 
severe childhood epilepsies. Methods: Were investigated 11 
children with Dravet syndrome - 7 girls and 4 boys within the age 
rate from 4 month till 5 years. The study was done in child neu-
rology department of Russian Children Clinical Hospital, Moscow 
at the period 2005-2008. Results: Febrile debut of seizures was 
noted at 9 patients (81,8%). Epileptic myoclonic seizures were 
observed at all 11 patients (100%), hemicolvulsive seizures were 
noted at 8 (72,7%), focal versive seizures - at 6 (54,5%), genera-
lized tonic-clonic seizures - at 5 (45,5%), pharyngo-oral seizures 
- at 3 (27,3%), atypical absences with eyelid myoclonus - at 3 
(27,3%), tonic spasms - at 2 (18,2 %), atonic seizures - at 1 pa-
tient (9,1 %) and affective-respiratory seizures - at 1 girl (9,1%). 
All at the patients were marked not less than 3 types of seizures, 
and at 6 patients (54,5%) it was marked 4 and more types of 
seizures. At all 11 children the delay of cognitive and speech 
development with formation of non-progressive epileptic ence-
phalopathy was observed. Conclusions: Dravet syndrome is cha-
racterized by polymorphism of seizure features. Epileptic myoclo-
nic seizures are obligate seizure type, and frequent seizure types 
are also hemicolvulsive, focal versive and generalized tonic-clonic 
seizures. Febrile debut of hemicolvulsive and generalized tonic-
clonic seizures is very typical.
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Clinical Characteristics and Prognosis in Patients with 
Status Epilepticus
Dong Wook Kim1, Kon Chu2, Sang Kun Lee2 
1 Konkuk University Hospital, 2 Seoul National University Hospital 

Background Although status epilepticus (SE) is a well-recognized 
neurological emergency with a high mortality, prognostic factors 
of treatment outcome in SE have not been clearly verified. We 
performed the present study to document the clinical experience 

of SE treatment and to identify the prognostic factors. Methods 
We retrospectively reviewed the medical records of patients who 
admitted at Seoul National University Hospital for the treatment of 
SE from July 2003. We analyzed the prognostic value of various 
clinical and demographic factors which may be associated with 
the prognosis of SE, including age, sex, SE etiology, seizure se-
miology, consciousness level at admission, and time to treatment. 
Results 53 (30 men) patients were recruited. The most common-
ly encountered etiology was CNS infection (18/53, 34.0%) follo-
wed by acute stroke (7/53, 13.2%) and drug withdrawal (16/53, 
31.2%). Among 51 patients whose treatment outcome data were 
available, 4 patients were dead, 26 were alive but substantially 
impaired relative to baseline clinical condition, and 21 returned to 
baseline. History of SE (p=0.05), and seizure (p<0.001) was an 
indicator of favorable treatment outcome, and some etiologies of 
SE such as large vessel ischemic stroke, acute cerebral infection, 
and malignant brain tumor (known as potentially fatal etiology) 
were associated with poor treatment outcome (p<0.001). Con-
clusion The etiology of SE was diverse. Various demographic and 
clinical factors were not related with the seizure outcome, but 
previous history of SE and seizure were related with favorable 
treatment outcome, and some etiologies were associated with 
poor treatment outcome. 
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Safety, tolerability, and pharmacokinetic parameters of 30-, 
15-, and 10-minute intravenous lacosamide infusions as 
short-term replacement therapy in subjects with partial-
onset seizures
Gregory Krauss1, Elinor Ben-Menachem2, Ruta Mameniskiene3, 
Nerija Vaiciene4, Martin Johnson5, Melissa Brock5, Jouko Isojarvi5 
1 John Hopkins Hospital, 2 Shalgrenska University Hospital, 3 
Vilnius University Hospital, 4 Kaunas Medical University Hospital, 
5 SCHWARZ BIOSCIENCES (a member of the UCB Group)

Introduction/background: Lacosamide is a newly-approved an-
tiepileptic drug for the adjunctive treatment of partial-onset sei-
zures. Intravenous lacosamide was developed as a short-term 
replacement for patients in whom oral treatment is temporarily 
not feasible. Methods: This open-label, inpatient trial (SP757) 
was conducted to investigate the appropriate infusion duration 
for IV lacosamide in subjects previously receiving stable doses 
(200–800mg/day) of oral lacosamide in another open-label ex-
tension trial (SP615, SP756 or SP774). Subjects received twice-
daily IV infusions over 30, 15, or 10 minutes for 2–5 days. Safe-
ty evaluations included adverse events (AEs), ECGs, vital signs, 
laboratory parameters, and seizure counts. Ten-minute infusions 
were studied to support the safety of 15-minute infusions. Phar-
macokinetic measures included Cmax, Ctrough, and lacosamide 
metabolite concentrations. Results: A total of 160 subjects were 
treated with IV lacosamide using 30- (n=40), 15- (n=100) or 10- 
(n=20) minute infusions. Intravenous lacosamide was generally 
well tolerated; AE frequency did not increase with days of expo-
sure or shorter infusions. AE incidence was comparable across 
all groups, with headache (8%, 7%, 5%, for 30-, 15- and 10-mi-
nute infusions, respectively) and dizziness (8%, 6%, 5%) most 
commonly reported. Infusion site-related AEs were infrequent 
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and did not result in early discontinuation. Plasma concentrations 
were dose-proportional and similar across all groups studied. 
Conclusions: This comprehensive evaluation supports the safety 
of IV lacosamide (200–600mg/day) as short-term replacement 
(2–5 days) for oral lacosamide using infusion durations as fast as 
10–15 minutes in patients with partial-onset seizures. 
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Anesthetic agents in the treatment of refractory status 
epilepticus in children 
Ruzica Kravljanac1, Milena Djuric1, Nebojsa Jovic2, Bozidar Mio-
manovic1, Ljubica Nikolic1 
1 Institute For Mother And Child Health Of Serbia, Belgrade, 
Serbia, 2 Clinic for neurology for children and youth, Belgrade, 
Serbia 

Purpose: to evaluate clinical response to the treatment by various 
anesthetic agents (AAs) in children with refractory status epi-
lepticus (RSE). Methods: RSE was defined as an acute epileptic 
condition characterized by continuous seizures for at least 60 mi-
nutes or by 60 minutes intermittent seizures without full recovery 
of consciousness between seizures. The drug was effective if the 
seizure clinically stopped within 20 minutes after its administrati-
on without recurrent status epilepticus (SE) within 6 hours. If first 
and second line drugs for SE failed, midazolam (MDZ), thiopental 
(THP), propofol and lidocain in continuous intravenous infusion 
were used. The efficacy of AAs was compared and statistically 
analyzed by Chi2 test and side effects were observed. Results: 
The study included 258 episodes (first and recurrent) of RSE in 
children aged 0.2 -18 years (4.7 + 4.2). MDZ was used in 242 
episodes, thiopental in 36 RSE, and in very resistant cases pro-
pofol (4) and lidocain (2). The range of dosage was: MDZ 0.1-1.2 
(mean 0.35), THP 3-5 (mean 4.3) mg/kg/h. Mean duration of 
infusion was 86 (SD=94) hours. MDZ was the most effective 
with high statistical significance (p=0.0001, à2=105.6). Side ef-
fects were noticed in 40% of RSE treated by MDZ and 60% by 
THP. Conclusion: Anesthetic agents were used frequently in the 
treatment for RSE in children. A high dose of MDZ in intravenous 
continuous infusion was the most effective drug in the treatment 
for RSE in children. In the cases with prolonged infusion, side 
effects were noticed in high percentage. 
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Status epilepticus in NMDA receptor antibody encephalitis
Dimitri Kullmann1, Gerard Davies2, Sarosh Irani3, Cordelia Coltart2, 
Gordon Ingle2, Yogen Amin2, Christopher Taylor2, Jeremy Radclif-
fe2, Nicholas Hirsch2, Robin Howard2, Angela Vincent3 
1 UCL Institute Of Neurology, 2 National Hospital for Neurology 
and Neurosurgery, 3 University of Oxford 

Introduction: Antibodies to NMDA-type glutamate receptors are 
associated with a form of encephalitis characterized by neuro-
psychiatric prodrome, seizures, and limb, trunk and orofacial jerks 

and sterotypies. Many patients have been young women with 
ovarian teratomas. We report 6 cases that required admission 
to the neurological intensive care unit for management of status 
epilepticus, decreased level of consciousness and/or hyperkine-
tic movement disorder. Methods: The patients were admitted to 
a tertiary centre over a 4 year period. NMDA receptor antibody 
screening was retrospective in four out of six cases. Results: Four 
female and two male patients (age range 20-41 years) were po-
sitive for anti-NMDA receptor antibodies, accounting for approxi-
mately 20% of all patients admitted with a diagnosis of encepha-
litis. Confusion, agitation or hallucinations were prominent early in 
the illness. Generalised seizures were documented in 5 patients, 
and first occurred between 2 days and 3 weeks after symptom 
onset. All six patients required sedation, tracheal intubation and 
artificial ventilation, and status epilepticus was the primary indi-
cation for ITU admission in 4 cases. EEG monitoring confirmed 
the later occurrence of non-epileptic jerks and stereotypies, and 
the movement disorder led to protracted sedation in all 6 cases. 
Ovarian teratomas were identified in two patients, and no tumour 
was identified in the other four. Patients were treated with immu-
nomodulation, AEDs and/or surgery, and 3 patients made a good 
recovery. Conclusions: NMDA receptor antibodies are a common 
and potentially treatable cause of encephalitis complicated by 
status epilepticus, neuropsychiatric prodrome and hyperkinetic 
movement disorder requiring ITU admission. 
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Effectiveness of topiramate add-on administration in child-
ren with refractory status epilepticus
Soonhak Kwon1, Hye Eun Seo1, Su Kyeong Hwang1 
1 Kyungpook National University Hospital, Department Of Pedi-
atrics 

Background: Refractory status epilepticus (RSE) is a critical con-
dition that requires high level intensive care, and often ends up 
with poor outcome. However, the optimal guideline of aborting 
RSE has not been defined yet. This study was aimed to evaluate 
the effectiveness of topiramate add-on administration in children 
with RSE. Methods: Seven children were involved in the study and 
their clinical data were retrospectively analyzed. Topiramate (TPM) 
was started at 1-2mg/kg/day by nasogastric tube and was titra-
ted to the favorable response every 1-3 days. Results: The age 
of subjects ranged from 9 month to 14 years (7.5 ± 4.3 years; 
male 3, female 4). They failed to respond to initial treatment of 
benzodiazepine, phenytoin, phenobarbital or valproate and midazo-
lam infusion (15.7 ± 4.5 µg/kg/min). The mean dose of TPM was 
6.5 ± 3.1 mg/kg/day. One out of them became seizure free, One 
showed a significant reduction of seizures (greater than 50%), and 
five showed a fair reduction of seizures (25-50%). No serious ad-
verse events were noted. The time to seizure control ranged from 
10 days to 95 days (29.1 ± 30.2 days). One died of sepsis and 
the remainder experienced the recurrence of seizures after the di-
scharge. Four out of them (50%) were left with cognitive decline 
or speech/language problem. Conclusion: The results indicate that 
TPM add-on therapy may be useful in some cases of RSE in child-
ren, but further studies are needed to establish the precise role 
and treatment guideline of TPM in RSE. 
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Refractory Status epilepticus in a patient with aluminium 
intoxication
Peter Lackner1, Ronny Beer1, Stephanie Klien1, Julia Larch1, 
Gregor Broessner1, Raimund Helbok1, Bettina Pfausler1, Erich 
Schmutzhard1, Eugen Trinka1 
1 Innsbruck Medical University 

We report the case of a 28 years old patient with refractory status 
epilepticus (SE). The patient was admitted to a secondary care 
hospital due to paresthesia and myoclonic jerks of the face and 
the left upper limb accompanied by severe agitation and panic at-
tacks. A functional movement disorder was diagnosed and the pa-
tient was transferred to a psychiatric ward. There she deteriorated 
showing a massive increase of myoclonic jerks finally leading to 
intubation and mechanical ventilation. During weaning, convulsive 
SE was observed and after failure of IV benzodiazepines and IV 
phenytoin continuous thiopenthal sedation was initiated. The pa-
tient was transferred to our neurocritical care unit. Valproic acid, 
levetiracetam and topiramat did not result in termination of SE. 
The extensive diagnostic workup including infectious, immune-
mediated, metabolic and paraneoplastic etiologies remained futile. 
Finally, broad toxicological screening showed a markedly elevated 
aluminium serum level (485µg/l, normal range 0-7.5µg/l). Under 
combined treatment with chelation and hemofiltration, aluminium 
levels normalized. However the patient only temporarily achieved 
seizure freedom for a max period of 6 weeks. Hepatic failure and 
septic complications have led to severe relapses of refractory SE 
leading to reintubation. With a combined thiopenthal / ketamin-S 
narcosis SE was controlled and the patient was weaned. Under the 
current treatment with clonazepam, phenytoin and pregabalin the 
patient has daily myoclonic and focal motor seizures but there is 
no relapse of SE. We suggest that aluminium-encephalopathy led 
to SE in our patient although the cause of aluminium intoxication 
remains undetermined.

P47

The nonconvulsive status epilepticus in palliative care pati-
ents – results of a one year prospective investigation
Stefan Lorenzl1, Simon Mayer1, Berend Feddersen2, Ralf Jox1, 
Soheyl Noachtar2, Gian Borasio1 
1 Department of Palliative Care and Department of Neurology, 
Ludwig Maximilians University of Munich, 2 Department of Neu-
rology, Ludwig Maximilians University of Munich 

Introduction: Deliruim on admission to a pallitive care unit has 
been described as up to 80% of the patients. However, only rare-
ly nonconvulsive status epilepticus (NCSE) has been considered 
as its cause and electroencephalographic (EEG) investigation to 
confirm epileptic activity is not frequently available in these situ-
ations. Despite only little data exist, the NCSE has been reported 
in about 6 % of patients with systemic cancer without evidence of 
CNS involvement and in up to 20 % of patients with primary brain 
tumors or metastases. We report of a prospective evaluation of 
patients with altered mental status on admission at our palliative 

care unit. Methods: A total of 290 patients were admitted to our 
Department of Palliative care in the year 2007. We identified 49 
patients with delirium or reduced vigilance. Out of this group 22 
patients showed possible clinical signs of NCSE and EEG inves-
tigation has been done. Results: In 15 patients epileptic activity 
could be confirmed in EEG. We managed to treat 10 of them 
effectively with survival time between 5 and 184 days. Conclu-
sion: We considere NCSE as an important differential diagnosis 
of patients with altered mental status in a palliative care setting. 
Treatment should be considered depending on the underlying di-
sease and stage of the disease. 
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Nonconvulsive status epilepticus in children and elderly 
patients- differences in etiology, clinical manifeststion and 
prognosis.
Maria Mazurkiewicz-Bedziñska1, Krystyna Niedzielska2, Mariola 
Wierzbicka2, Barbara Steinborn3 
1 Medical University Of Gdansk, Poland, 2 Institute of Psychiatry 
and Neurology, Warsaw, Poland, 3 Medical University of Poznan, 
Poland 

Nonconvulsive status epilepticus (NCSE) represents, according 
to different reports 5-35% of all SE cases in adults, the data in 
chidren is not very sufficient. It’s clinical picture differs through 
the age of patients. The aim of the study was to assess the type, 
etiology and prognosis of SE in patients aged over 60 years in 
comparison to children since these two groups represent the age 
extremes and require special attention concerning diagnosis and 
treatment. Methods: The study group consisted of 28 children 
and 68 elderly patients admitted to the Neurological Depart-
ments of Medical University of Gdansk, Institute of Psychiatry and 
Neurology in Warsaw and Medical University in Poznan during 
2004-2008 and diagnosed with NCSE. Repeated routine and Vi-
deo/EEG monitoring as well as neuroradiological investigations 
were performed. The statistical analysis was performed. Results: 
In children group NCSE was mostly due to preexisting epilepsy 
there were no de novo NCSE whereas in elderly group in 59% of 
patients. The types of NCSE also differ significantly – in children 
the majority presented the absence or atypical absence NCSE , 
in elderly ther were mostly complex partial NCSE. Conclusions: 
A considerable higher proportion of patients aged over 60 years 
than of children were admitted to the hospital because of NCSE. 
De novo NCSE were observed significantly more frequently in 
patients over 60 years. Vascular etiology of NCSE dominated si-
gnificantly in patients over 60 years where in children often the 
NCSE was due to underlying brain malformations causing drug-
resistant epilepsies or the etiology was unknown 
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Differential diagnoses of status epilepticus
Vincent Navarro1, Sophie Demeret2, Bertrand Lapergue2, Cle-
mence Laage2, Francis Bolgert2, Michel Baulac1 
1 Epilepsy Unit, Neurology and Neurophysiology Departement, 
2 Neurological intensive care unit, Neurology Department 

Introduction/background Diagnosis of status epilepticus can 
be wrongly made in several circumstances. This may explain the 
apparent refractoriness of some status epilepticus. Methods We 
reviewed the cases of patients who were admitted with a false 
diagnosis of status epilepticus, either in the Epilepsy Unit, or in the 
neurological tertiary referred intensive care unit (ICU), at the Pitié-
Salpêtrière Hospital. Results Several conditions were found to mi-
mic a status epilepticus. First, nonepileptic pseudoseizures from 
psychiatric origin can mimic convulsive status epilepticus. Second, 
post-anoxic encephalopathies and sporadic Creutzfeldt-Jakob di-
sease can be judged as non-convulsive status epilepticus, mainly 
due to a wrong interpretation of the electroencephalogram (EEG). 
In these encephalopathies, the existence of non-epileptic myoclo-
nus and the abolition of the EEG abnormalities with the use of a 
benzodiazepine, without correction of the clinical symptoms, were 
additional confusing factors, leading to the initial false diagnosis. 
Conclusion The combined analysis of the clinical data together 
with the EEG allow, most of the time, to confirm or to reject the 
diagnosis of status epilepticus. Rectifying the diagnosis results in 
avoidance of aggressive and unnecessary treatments. 
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The History of the Treatment of Status Epilepticus
Aidan Neligan1, Simon Shorvon1 
1 UCL Institute Of Neurology 

Introduction: Despite the fact that a condition resembling status 
epilepticus had been recognised since babylonian times, status 
epilepticus as a separate clinical phenomen to epilepsy was lar-
gely ignored in the medical literature until the mid nineteenth 
century. Following the discovery of the bromides as an effective 
treatment for epilepsy in 1857, treatment options employed for 
the termination of status epilepticus increased and became more 
effective as clinical appreciation and understanding of status epi-
lepticus evolved over time. Methods: We reviewed the medical 
literature on the treatment of status epilepticus from 1870 when 
the latinised version of the term état de mal status epilepticus 
was first used in the medical literature until 1973 and the esta-
blishment of the bezodiazepines as the mainstay of treatment. 
Results: Many diverse treatments have been employed and ad-
vocated for the termination of status epilepticus, many of which 
are now largely forgotten as is the rationale for their use. Over 30 
major interventions or treatments were identified over this period. 
Conclusions: Different time periods were dominated by 1-2 treat-
ment options, with treatment becoming generally more aggressi-
ve and with earlier intervention advocated over time despite the 
fact that the gravity of the condition was well recognised since 
the first clinical descriptions of status epilepticus 
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IV Levetiracetam terminates refractory complex-partial 
status in an infant with migrating partial siezures
Harry Osarodion Nomayo
Klinikum Weiden, Dept. Of Pediatric and Juvenile Medicine 

Introduction: Although older generation antiepileptic drugs(AEDs) 
can terminate status epilepticus(SE) in most cases, a minority of pe-
diatric patients develop medically refractory SE(RSE). The medical 
treatment options are based only on concensus recommendations 
or expert opinions. The pharmacological termination of RSE with 
continous intravenous(ciV) application of benzodiazepine(MDZ), 
barbiturates(PB,THIO), (fos)phenytoin(PHT), valproate(VPA) or 
anesthetics(PRO, KET) bears the risks of potentially life threate-
ning complications. Recent publications describe seizure control 
in pediatric patients with RSE after intravenous and nasogastral 
application of Levetiracetam(LEV) and thus suggest a possible 
role for LEV in treating RSE Case report: We report the case 
of a 4 months old male infant with underlying MMPSI who was 
admitted to our pediatric ICU with symptomatic complex-partial 
status epilepticus after prehospital rectal diazepam(DZP). The ra-
pidly repetitive autonomic seizures with continous impairment of 
consiousness were refractory to ivBZP, ivVPA, ivPB and ciVPHT 
but could be terminated after intravenous administration of LEV. 
No adverse side effects(ASE) occured and after discontinuati-
on of the ivLEV the infant remained seizure-free for a period of 
days under oral VPA-LEV comedication Discussion: This case 
suggests that ivLEV is a useful and safe option for the treatment 
of RSE in infancy.The LEV pharmakological mechanisms of ac-
tion seem to be different from other AEDs.The legal questions 
involved in an off-label use of the new generation AED in young 
children have not yet been addressed. RCTs of LEV and other ne-
wer AEDs as treatment for RSE are necessary Keywords: Intra-
venous Levetiracetam(ivLEV), refractory status epilepticus(RSE), 
malignant migrating partial seizures in infancy(MMPSI) 
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A prospective assessment of refractory status epilepticus
Jan Novy1, Giancarlo Logroscino2, Andrea Rossetti1 
1 CHUV Service De Neurologie, Lausanne, Lausanne, 2 Centro 
delle Malattie Neurodegenerative, Università di Bari, Italy 

Background: Status epilepticus (SE) resistant to two AEDs 
is commonly defined as “refractory” (RSE). In the few availab-
le retrospective studies, RSE frequency has been estimated to 
occur in 31%-43% of patients presenting an SE episode. Al-
most all seem to require a coma induction for treatment. Me-
thods: Prospective observational study over two years in a terti-
ary clinical setting, to assess RSE frequency, clinical predictors, 
and outcome. Clinical data and outcome (mortality and return to 
baseline clinical conditions) were collected. Uni- and multivaria-
te statistical analyses were applied. Results: In the study period, 
128 consecutives SE episodes (118 patients) were recorded. 
Twenty-seven of these (21%) were refractory to first and second 
line antiepileptic treatments; there were no recurrent RSE episo-
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des. Severity of consciousness impairment and de-novo seizures 
were independent predictors as compared to RSE, as opposed 
to age, gender, seizure type and etiology. RSE showed a mar-
kedly worse outcome than non-RSE (39% vs. 11% for mortality, 
P=0.001; 21% vs. 63% for return to baseline clinical conditions, 
P<0.001). Only twelve patients with RSE (41%) required coma 
induction for clinical management. Conclusions: This prospective 
study identified clinical factors predicting SE refractoriness, such 
as extent of consciousness impairment and lack of previous sei-
zures. RSE appears to be less frequent than previously reported 
in retrospective studies; furthermore, most RSE episodes were 
treated outside the ICU. Nonetheless, this entity is characterized 
by high mortality and morbidity as compared to non-refractory 
SE. Further studies are needed to assess the role of treatment 
aggressiveness in RSE.
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Malignant status epilepticus: Treatment persistence until 
when?
José Pimentel, Anabela Valadas, Patrícia Lobo,  
Luísa Albuquerque  
Neurology Department, Centro Hospitalar Lisboa Norte 

Introduction: Malignant status epilepticus (MSE), with very poor 
prognosis, is defined by persistent epileptic activity after adminis-
tration of high doses of anesthetics. The persistence of MSE in a 
patient with incurable epileptic encephalopathy raised questions 
of therapeutic approach, in terms of what should be extent of 
their persistence in such cases? Case report: A 31 years-old man 
with Lennox-Gastaut syndrome, several different seizures daily, 
treated with valproic acid, topiramate, lamotrigine, phenytoin and 
clobazam, was admitted due to increasing number of seizures, 
progressing to generalized convulsive status epilepticus (GCSE) 
at day 4. Besides propophol, barbituric coma was induced 3 
times, until EEG burst-suppression in 2 and absence of brain 
electrical activity in 1. During admission, antiepileptic therapy 
was optimized with benzodiazepines, topiramate in high doses 
(1200 mg) and intravenous levetiracetam. There were multiple 
complications, including ventilator-associated pneumonia, atelec-
tasis, cellulites of upper limb, metabolic acidosis and urinary tract 
infection. Death from septic shock at day 42. Conclusion: Anec-
dotic cases are reported in literature of reversible MSE related to 
persistent treatment. We raise the question whether the exten-
sion of therapeutic investment was the appropriate one for this 
particular patient, or if prolonged treatment would compromise 
the dignity of the patient and increase the relatives suffering.
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Do SSRIs prolong seizures in patients with focal epilepsi-
es? A case control study
Aleksandar Ristic1, Judith Dobesberger2, Julia Larch2, Gerald 
Walser2, Iris Unterberger2, Giorgi Kuchukhidze2, Eugen Trinka2 
1 Institute Of Neurology Clinical Center Of Serbia, Belgrade, 

Serbia, 2 Department of Neurology, Innsbruck Medical University, 
Innsbruck, Austria 

Introduction: We compared electroencephalographic seizure 
duration (eSD), duration of the convulsions (cD) in SGTCS and 
postictal EEG depression (pEEGd) after SGTCS during video-
EEG monitoring of the patients treated with selective serotonin 
reuptake inhibitors (SSRIs) with their matched controls. Methods: 
A case–control study was nested within group of 162 patients 
with focal epilepsy admitted in Video-EEG monitoring Unit (Inns-
bruck), from January 2006 to March 2008. FCSs and SGTCSs of 
the patients who were treated during monitoring with SSRIs were 
detected as cases. The controls were selected from patients with 
the same seizure type matched to a case according to sex, age 
(±5 years), epilepsy etiology and type of recording (surface or 
intracranial EEG). Seizures were matched in order of their ap-
pearance during monitoring. Results: Analysis of 35 case-control 
pairs was performed (19 CPSs and 16 SGTCSs in 11 SSRIs 
treated patients and equal numbers of 13 control patients). eSD 
of the seizures in patients treated with SSRI (median 132 s; 27–
1850) last significantly longer (p<0.001) then controls eSD (me-
dian 85 s; 22–168) in the whole group and separately (SGTCS 
p = 0.015; FCSs p = 0.004). There was neither statistical diffe-
rence between cD of cases (median 66 s; 56–279) and controls 
(median 68 s; 60–126), nor between difference of the duration 
of pEEGd between cases (median 214.5 s; 105–420) and cont-
rols (median 219.5 s; 20–407). Conclusion: Our results suggest 
that SSRIs treatment is associated with prolonged electroence-
phalographic seizure duration in patients with focal epilepsies. 
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Seizure duration in focal epilepsies, its correlations and 
predictors: video-EEG analysis
Aleksandar Ristic1, Judith Dobesberger2, Gerald Walser2, Giorgi 
Kuchukhidze2, Iris Unterberger2, Julia Larch2, Edda Amann3, Eu-
gen Trinka2 
1 Institute Of Neurology Clinical Center Of Serbia, Belgrade, 
Serbia, 2 Department of Neurology, Innsbruck Medical University, 
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tics and Health and Economy, Innsbruck Medical University, 
Innsbruck, Austria 

Introduction: To assess electroencephalographic seizure duration 
(eSD), determine its predictors, and explore the relationship of 
serum AED levels and eSD. Methods: Surface video-EEG recor-
dings of patients with focal epilepsy, admitted to the Video-EEG 
monitoring Unit (Innsbruck), from January 2006 to March 2008 
were retrospectively analysed. Variables (age, duration of the di-
sease, epilepsy syndrome, etiology, localisation of seizure onset, 
MRI findings, and history of SE or febrile seizures) were evaluated. 
Corresponding serum AED levels when epileptic seizures occur-
red were correlated with eSD. Results: We included 1125/1250 
uninterrupted seizures (median 4; 1-48) of 159 patients (72 
female; 70.3% symptomatic epilepsy; age 34.2±13.2 (13-75); 
disease duration 15.8±12.4 years (0.1-47)). Analysis showed si-
gnificant difference of median (per patient) eSD of the different 
seizure types (p<0.001). FSS lasted significantly shorter (42 s; 
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range 3.5–681) than FCS (61.5 s; 12–1245) (p=0.007); and 
both lasted shorter than sGTCS (96.25 s; 51–649) (p<0.001). 
Mixed linear regression model (age and disease duration as co-
variates) demonstrated, that history of SE (p = 0.034), lobe of 
epilepsy (p = 0.040), and MRI features (p = 0.013) were sig-
nificant predictors of eSD. Significant negative correlations was 
demonstrated between the serum AED level and eSD of 63 sei-
zures (13 patients) treated with carbamazepine (p<0.001) and 
37 seizures (12 patients) treated with levetiracetam (p=0.001) 
as monotherapy. Conclusion: sGTCS have longest eSD. Presence 
of the MRI lesion, positive history of SE, and temporal lobe epi-
lepsy are associated with longer eSD. Negative correlation exits 
between eSD and blood levels of certain AED. 
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Prospective survey of status epilepticus management in 
different hospital settings
Andrea Rossetti1, Jan Novy1, Christiane Ruffieux2, Bernand Burn-
and2, Giancarlo Logroscino3  
1 CHUV, Lausanne, Switzerland, 2 Institut Universitaire de Méde-
cine Sociale et Préventive, Lausanne, Switzerland, 3 Università di 
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Background: Status epilepticus (SE) treatment relies on rela-
tively little evidence, although several guidelines have been pub-
lished. A recent study (Vignatelli, J Neurol 2008;255:196-204) 
reported a worse SE prognosis in an urban center compared to 
a peripheral hospital, postulating better management in the latter. 
Methods: Over 6 months, we prospectively recorded consecutive 
adults with SE (5 or more mintues) at the Centre Hospitalier Uni-
versitaire Vaudois (CHUV), and in 6 peripheral hospitals (PH) of 
the same region. Demographical, historical and clinical variables 
were collected, including SE severity estimation (STESS score) 
and adherence to Swiss SE treatment guidelines; outcome at di-
scharge was categorized as “good” (return to baseline), or “poor” 
(persistent neurological sequelae, or death). Results Thirty-six 
patients were included at the CHUV, and 18 in the 6 PH. While 
age, SE severity, prevalence of SE episodes lasting less than 30 
minutes, and total SE duration were similar, fewer patients had 
good outcome at the CHUV (61% vs. 83%; OR 3.56; 95% CI 
0.78-22.15). Mortality was 14% at the CHUV and 5% at PH. 
Only one difference resulted significant: PH showed more of-
ten treatments differing from the Swiss guidelines (22% vs. 3%, 
P=0.038). Conclusion We confirm a worse SE prognosis in a 
large urban center, which however displayed better adherence to 
guidelines. Since SE severity was similar in the 2 settings, other 
explanations should account for the outcome difference: we are 
planning a larger study taking into account medical co-morbidi-
ties. Further investigations on the prognostic role of SE treatment 
are required. 
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Benign Familial and Non-familial Infantile Seizures (Wa-
tanabe- Vigevano syndrome): a prospective study of 15 
cases from Saudi Arabia
Imad Yassin Saadeldin1, Yousef Housawi1, Abdulrahman Al Nem-
ri2, Ibrahim Al Hifzi1 
1 Armed Forces Hospital Southern Region, Saudi Arabia, 2 King 
Saud University, Riyadh, Saudi Arabia 

Purpose. Benign Infantile Seizures [BIS], familial and non-familial, 
represent a benign, age-related idiopathic syndrome of infancy. 
The aim of the present paper is to document the presence of 
the syndrome in Saudi Arabia (and in Arab populations) and to 
discuss the characteristic electroclinical features, and the benign 
nature of this syndrome. Patients and methods. A prospective 
study of Two hundred and seventy five patients with epileptic 
seizures (age range: 2 months- 13 years) were followed over a 
period of three years and seven months. Fifteen of these infants 
fulfilled the inclusion criteria of BIS. We analyzed these infants 
in respect of the age at onset, sex, physical and neurological 
examination, consanguinity, frequency and type of convulsions, 
associated conditions; laboratory investigations, and radiological 
investigations. Awake and sleep interictal EEG was done for all 
the patients and for one patient (nr.1) ictal EEG and video clips 
were recorded. Results. Fifteen infants (12.9%) showed electro-
clinical features consistent with BIS. The inclusion criteria were: 
1.The age of onset of seizures was between 2-24 months. 2. 
Normal development before, during and after the onset of seizu-
res. 3. Normal interictal EEG. 4. Normal brain imaging. 5. Good 
response to treatment. Most of the patients (75%) responded 
immediately to antiepileptic treatment. The pedigree of three fa-
milies showed the possibility of benign familial infantile seizures. 
Conclusions. To our knowledge, this is the first study to document 
the presence of benign familial and non-familial infantile seizu-
res (Watanabe- Vigevano syndrome) in Saudi Arabia and Arab 
populations. 

P58

Characteristics of Focal Electrographic Seizures in Awake 
Vs. Comatose patients.
Khurram A. Siddiqui1, Ma.Rita Marasigan1, Wilfredo O. Alcala1, 
Reem F. Bunyan1, Murtada ElMubarak1, Shobhit Sinha1 
1 King Fahad Medical City 

Introduction To compare focal electrographic seizures (EgSz), in 
awake and comatose states. Methods We analyzed EgSz corre-
lated to clinical and neuroimaging data, depending on the state 
of the patient. Results Five EEGs (3 awake & 2 comatose) were 
evaluated. Mean patient age (+ SD) was 38.2(+14.85)yrs. Mean 
EEG duration was 28 and 55 minutes in awake and comatose. 
Background was normal in awake and slow/suppressed in coma-
tosed. Seizure onset was focal in awake with low amplitude beta, 
repetitive sharp wave and rhythmic delta activity, while focal & 
multifocal with repetitive spike-waves in comatose patients. Two 
awake patients had intermittent discharges lasting <1 minute, 
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while continuous EgSz seen in remaining 3. EgSz would spread 
to involve ipsilateral and contralateral hemisphere in comatosed 
with in 1 sec of onset while in awake the time for regional spread 
was 1-20 secs. Intra-ictally, EgSz in awake would evolve to repe-
titive spikes, rhythmic alpha–theta and delta activity, while evo-
lution to repetitive spikes/polyspikes was seen in comatosed. 
Postictally, EEG showed focal slowing and attenuation in 1 awa-
ke patient, while generalized and regional suppression was seen 
in comatosed. Nonlesional epilepsy and stroke was diagnosis in 
awake while toxic/metabolic (normal imaging in 1 and no ima-
ging in other) etiology in comatose patients. Conclusion EgSz 
in comatosed patients were prolonged with intra-ictal evolution 
to repetitive spike/polyspike waves and rapid spread to involve 
large/ multiple brain areas. In addition, background slowing and 
suppression was seen in these patients. 

P59

Topiramate in Therapy Focal Forms of Epilepsy in Children.
Svetlana Sivkova1, Fania Zaykova2 
1 Children Epileptology Centre, Children Neurology Hospital 18 , 
2 Children Neurology Hospital 18 

Purpose: This is a study of clinical efficacy, safety and tolerabili-
ty of the new antiepileptic drug topiramate (TPM) for treatment 
different focal forms of epilepsy in children. Methods: Topiramate 
was used in 31 patients aged from 6 month to 17 years, mean 
age was 7 years 7 months (14 male and 17 female). All pa-
tients received medications for between 4 - 86 months, mean 
observation time was 35 months. Results: Topiramate in combi-
nation with other antiepileptic medications (19(61%) patients) or 
alternative monotherapy (12(39%) patients) was used in doses 
56 - 500 mg/day and 2,5 - 17 mg/kg/day (average 6,6 mg/
kg/day). Seizure freedom was achieved in 8/31(26%) patients. 
Reduction in seizure frequency more than 50 % was observed 
in 19/31(61%) cases. In general, the positive effect has been 
reached at 27/31(87%) patients. In 3/31(10%) of patients sei-
zures frequency gradually returning to a baseline 1-3 month after 
positive effect achievement. Side effects (SE) were detected in 
14/31(45%) of all cases. The main of them was salts in urine 
(9 patients), sleep disorders and hyperactivity. In 2 children was 
aggravation of frequency of seizures and withdrawal therapy was 
necessary. Conclusion: Our clinical results show that topiramate 
is highly effective, well tolerated new antiepileptic drug for treat-
ment of different focal forms of epilepsy in children early age. 
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Retrospective analysis of usefulness of phenobarbital 
in intravenous loading dose for the treatment of status 
epilepticus
Dragoslav Sokic1, Aleksandar Ristic1, Nikola Vojvodic1, Slavko 
Jankovic1, Ljubica Popovic1 
1 Institute Of Neurology CCS, Belgrade, Serbia 

Rational: Phenobarbital in intravenous loading dose (PB-ILD) is 
frequently utilized for the treatment of various types and stages 
of status epilepticus (SE) despite paucity of studies analyzing 
the issue. Methods: We retrospectively evaluated cases with SE 
treated with PB-ILD at the Institute of Neurology CCS, Belgrade 
during 20 years. Patients were identified using prospective SE 
registry established and administered since 1988. by D.S. Re-
sults: Among 1359 patients with SE, 273 (20.1%) were treated 
with PB-ILD (males: 66.3%; median age: 41; range: 13-78 years; 
82.2% with generalized convulsive SE). PB-ILD was effective in 
235/273 patients (86.1%): in 76/82 (92.7%) as initial, and in 
159/273 (83.2%) patients after previous ineffective antistatus 
drugs. In 235 patients in whom PB-ILD was effective, the me-
dian dose was 1100 mg (range: 200-4000 mg), after which SE 
stopped during first 20 minutes in 195 (83%) patients. Appro-
ximately, 50% of responders received more than 15 mg/kg of 
PB. In 38 patients in whom PB-ILD was ineffective the median 
dose was 1540 mg (range: 440-3400 mg) (p=0.007). After PB-
ILD, 149/273 patients (54.5%) remained in postictal coma las-
ted 3-214 h (median 14). Coma after PB-ILD lasted significantly 
longer (p=0.0001) than coma following other antistatus drugs 
(0.5-123, median 1.1 h). Respiratory depression occurred in 3 
(1.1%) patients. 47/273 patients (17%) died: 41 due to under-
lying disease and 6 due to infective complications of prolonged 
coma. Conclusion: Although this was uncontrolled study, it ap-
pears PB-ILD is very effective drug for the treatment of SE with 
major disadvantage in potentiating prolonged postictal coma.
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Autonomic Status Epilepticus in Panayotopoulos Syndro-
me: neuropsychological assessment.
Nicola Specchio1, Lucia Fusco1, Simona Cappelletti1, Giovanni 
Masciarelli1, Martina Balestri1, Raffaella Cusmai1, Federico Vige-
vano1 
1 Division Of Neurology, Bambino Gesù Children‘s Hospital, 
IRCCS 

Background: Panayiotopoulos syndrome is a benign childhood 
epileptic disorder. Seizure are often prolonged and autonomic 
status epilepticus occur frequently. The aim of this study is to 
evaluate the cognitive level of those patients after prolonged sei-
zures, by the administration of a battery of neuropsychological 
tests. Methods: Children with clinical and EEG feature of Pa-
nayiotopoulos syndrome were reviewed. Out of the total number 
of subjects we selected randomly a group to whom have been 
administered a battery of age-appropriate tests which tend to 
explore the global cognitive level (WPPSI, WISC-R, Leiter, Ra-
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ven Progressive Matrices). Results: 98 children were collected. 
Neuropsychological assessment has been administered to 17 
children (8M,10F). Mean age at onset was 4.5+1.7 years. First 
seizure lasted a mean time of 34 minutes. Mean number of seizu-
res during the history was 4.7+4.4 (range 1-19, median 3). Mean 
age at the neuropsychological evaluation was 7.5+1.7 years (ran-
ge 5.2-12.1). The time interval between the first seizure and the 
neuropsychological evaluation was 35.6 months (range 3-79, 
median 34). Fourteen out of 17 had antiepileptic drugs (CBZ, 
PB, VPA or TPM) at the evalutation period. The median FIQ score 
at Wechsler Full Scale was 100 (mean 97.2+15) (PIQ 98+13 
and VIQ 97+16). Two patients had an FIQ score lower than 80 
(i.e. 72 and 70). Conclusions: These results suggest a normal 
evolution of cognitive functions in this series of patients. The mi-
nimal dysfunctions detected in two patients has been related to 
drug administration in one, and in the other one to pre-existent 
attention disturbances.
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Intravenous (IV) Levetiracetam in clinical practice – 75 
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Svenja Happe10, Rüdiger Seitz8, Nicolas Lang1

1 University hospital Kiel, 2 Klinikum Karlsruhe, 3 University 
hospital Muenster, 4 Klinikum Osnabrück, 5 Asklepios Klinikum 
Uckermark, Schwedt und Krankenhaus Martha Maria, Halle-
Dölau, 6 Knappschaftskrankenhaus Bochum, 7 University hospital 
Cologne, 8 University hospital Duesseldorf, 9 Dietrich-Bonhoeffer 
Klinikum Neubrandenburg, 10 Institute f.klinische Neurophysiolo-
gie, Klinikum Bremen

Introduction: Most common clinical studies on antiepileptic drugs 
do not reflect medical everyday practice due to their strict in- and 
exclusion criteria and treatment regimen. 
Here we present a registry with the intention to evaluate the 
spectrum of application in daily use and the efficacy and tolera-
bility of intravenously given Levetiracetam (LEV i.v., Keppra“ i.v.) 
over an observation period of 10 days.
Methods: In a national multicenter approach from June until De-
cember 2008 LEV i.v. treated patients of all ages were reported 
together with their clinical data (age, seizure and epilepsy type, 
pre-treatment, treatment adjustments, outcome) to an indepen-
dent institution.
Results: From 16 German neurological and (neuro-) pediatric 
hospitals the data of 90 patients were reported, of which 86 (min 
0,7 y, max 90 y of age) could be evaluated: 62 had a diagnosis 
of epilepsy before LEV i.v.. In 49 of the patients the reason for 
initiating LEV i.v. treatment was status epilepticus (SE). In 31 % 
of these cases LEV i.v. was used as first-line treatment. The me-
dian daily dosage of LEV i.v. was about 1000 mg. SE could be 
terminated in 84%. Physicians/patients rated the tolerability and 
efficacy of LEV i.v. treatment as good or very good in 94%/85% 
and 80%/80% of the cases, respectively.
Conclusion: The use of LEV i.v. exhibited a remarkable good 
response and tolerability in patients with acute onset seizures 

(mostly SE) in this registry. Further studies are needed to confirm 
these findings.
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Encephalopathy with Status Epilepticus during Slow 
Sleep: “The Penelope Syndrome”
Carlo Alberto Tassinari1, Gaetano Cantalupo2, Loreto Rios-Pohl3, 
Elvio Della Giustina4, Guido Rubboli5 
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Parma, Parma, Italy, 3 Centro Infanto Juvenil VED, Santiago, 
Chile, 4 Department of Paediatric Neurology, S. Maria Nuova 
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ESES is an epileptic encephalopathy with heterogeneous clinical 
manifestations (cognitive, motor, and behavioural disturbances 
in different associations, and various seizure types) related to a 
peculiar EEG pattern characterized by paroxysmal activity signifi-
cantly activated during slow sleep, as to reproduce a condition of 
continuous spikes and waves or Status Epilepticus during sleep 
(Tassinari et al. 2005). The pathophysiological mechanisms un-
derlying this condition are still incompletely understood; recent 
data suggest that the abnormal epileptic EEG activity occurring 
during sleep might cause per se the typical clinical expression by 
interfering with sleep-related physiological functions and possib-
ly neuroplasticity processes mediating higher cortical functions, 
such as learning and memory consolidation (Tononi and Cirelli 
2003). Like in the myth of Odysseus’ wife, Penelope, what is wea-
ved during the day will be unravelled during the night. Referen-
ces Tassinari CA, Rubboli G, Volpi L, Billard C, Bureau M (2005) 
Electrical status epilepticus during slow sleep (ESES or CSWS) 
including acquired epileptic aplasia (Landau-Kleffner sindrome). 
In Roger J, Bureau M, Dravet C, Genton P, Tassinari CA, Wolf P 
(eds) Epileptic syndromes in infancy, childhood and adolescence, 
4th ed. (with video), John Libbey Eurotext, Montrouge, pp. 295–
314. Tononi G, Cirelli C (2003) Sleep and synaptic homeostasis: 
a hypothesis. Brain Res Bull. 62: 143-150.
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nic status epilepticus¨) after cardiopulmonary resuscitation 
does not change the poor prognosis of these patients
Frank Thömke1, Sacha Weilemann2 
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Introduction / background: Generalized myoclonus (GM) after 
cardiopulmonary resuscitation (CPR) is usually classified as a 
type convulsive status epilepticus (CSE) and associated with a 
poor prognosis. There is evidence from single patients that pro-
pofol may control GM. Methods: We treated 60 consecutive pa-
tients with GM after CPR with propofol. GM occurred within 24 
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hours after CPR and was associated with a burst-suppression 
EEG (n = 39), or continuous generalized epileptiform discharges 
(n = 21). Results: GM and epileptiform EEG-activity ceased im-
mediately after a single dose of intravenous propofol (1 mg/kg 
body weight). These effects were maintained by continuous pro-
pofol infusion (80 to 250 mg/h). Thirty-one patients died within 
3 days after CPR. Predictors of poor outcome were seen in the 
remaining 19 patients, i.e. (i) no motor response to painful stimuli 
and/or absent pupillary light reflexes, (ii) serum neuron-specific 
enolase „d 35 ng/ml, (iii) three EEG recordings with an unfa-
vourable pattern (burst-suppression EEG, isolelectric recordings, 
continuous epileptiform discharges). This was communicated 
with the families. Treatment was subsequently restricted to me-
chanical ventilation and intravenous fluids. Eighteen patients died 
during the following 10 days, and one survived in a persistent 
vegetative state. Conclusion: Propofol reliably controls GM and 
epileptiform EEG activity but does not change the poor prognosis 
of these patients. Nonetheless, the use of propofol seems justi-
fied. Cessation of GM eases nursing and ventilation of these pa-
tients and is a relief for the relatives, who are often considerably 
distracted by the sight of their loved ones shaken by GM. 
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Objective – To analyze factors predicting seizure outcome and 
prognosis of intravenous sodium valproate in status epilepticus 
(SE). Methods – Retrospective analysis of 32 patients diagnosed 
as SE and received intravenous sodium valproate therapy. Logis-
tic regression analysis with stepwise approach was used to eva-
luate the predictors of seizure control and death. Results – There 
were 32 cases met the criteria. Intravenous sodium valproate was 
prescribed as the first-line therapy in 12 cases and followed the 
intravenous phenytoin in 20 cases. The first-line therapy of int-
ravenous sodium valproate was the only factor that significantly 
related to seizure control with adjusted odds ratio [OR] of 5.571; 
95% confidence interval [CI] of 1.128-27.523. Initial leukocytosis 
and hypotension were significantly associated with death (adjus-
ted OR 22.765, 95% CI 1.176-440.640 and adjusted OR 37.591, 
95% CI 3.035-465.571, respectively). Conclusion – The first-line 
therapy of intravenous sodium valproate was the only significant 
predictor for seizure control in SE. The survival prognosis was 
associated with initial leukocytosis and hypotension. 

P66

Successful Treatment of Status Epilepticus with 
Lacosamide - the 1st Austrian Case
Christian Tilz1, Roland Resch1, Christian Eggers1  
1 Krankenhaus Barmherzige Brüder Linz; Dept. Of Neurology 
With Stroke-Unit, Austria 

Introduction/Background: Status epilepticus (SE) is a potentially 
life-threatening condition. The evidence-based treatment for SE 
is not always effective and therefore novel therapeutic approa-
ches are needed especially for patients with pharmacoresistent 
epilepsy. Lacosamide (Vimpat®) is a novel antiepileptic drug with 
a new dual mode of action. We report a case of symptomatic 
generalized epilepsy, whose generalized tonic-clonic SE was suc-
cessfully controlled with lacosamide. Methods: The 38-year old 
male patient with 30kg body weight was admitted for a series 
of complex partial seizures with secondary generalization leading 
to generalized SE. He had been suffering from epilepsy due to 
cerebral hypoxia in early infancy with several seizures per month, 
and was treated with levetiracetame 2x1500mg, clonazepame 
2mg, topiramate 200mg. Before arriving at the hospital the pa-
tient was given 22,5mg diazepame, 12,5mg etomidate and 5mg 
midazolame without success. After admission an additional dose 
of 4mg lorazepame and 1500mg levetiracetame were adminis-
tered, again without clinical effect. Due to the patient‘s low body 
weight, we did not further increase the dose of the antiepileptic 
drugs, but started treatment with lacosamide (300mg within 2 
hours via percutaneous gastric fistula). This resulted in complete 
clinical remission of the epileptic activity within 30 minutes. Re-
sult: Application of lacosamide resulted in cessation of SE and 
was well tolerated. Conclusion: To our knowledge, this is the first 
case of successful treatment of SE with lacosamide. Further stu-
dies are needed to determine the safety and efficacy of lacosa-
mide in treatment of SE.

P67

Clinical and EEG data in two patients with myoclonic sta-
tus epilepticus after hypoxic brain injury 
Misericordia Veciana1, Maria Aiguabella3, Merce Falip2, Jose Ig-
nacio Herrero4, Luisa Corral4, Jordi Pedro1, Isabel Moreno1, Jordi 
Montero1, Francisco Rubio2 
1 Servei Neurologia. Seccio Neurofisiologia Clínica. Hospital De 
Bellvitge, 2 Sevei Neurologia. Hospital de Bellvitge., 3 Servei de 
Neurologia. Hospital de Sant Boi., 4 Medicina Intensiva. Hospital 
de Bellvitge. 

Introduction: It has been suggested that early myoclonic status 
(MSE) after hypoxic brain injury is usually associated with bad 
outcome, but there are some reports with good outcome. Diffe-
rent forms of myoclonus may occur in theses patients. We report 
clinical and neurophysiological data in two hypoxic coma patients 
whom suffered a MSE and had a good outcome. Methods: Pa-
tient one presented with early symmetrical spontaneous or trig-
gered by stimuli myoclonus and seizures after cardiorespiratory 
resuscitation due to an acute asthmatic attack. The other, admit-
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ted with uncontrollable tonic clonic convulsions after supposed 
hypoxia, evolved to a myoclonus of the same characteristics. Both 
were treated with pharmacological coma. We performed conti-
nuous EEG recording, somatosensory evoked potentials and 
neuropsychological testing. Results: EEG showed spikes and po-
lispikes followed by slow waves in the midline, spreading to both 
central areas, sometimes accompanied by symmetrical palpebral 
myoclonus. When polispikes generalized symmetrical feet jerks 
appeared evolving occasionally to a seizure. Both awoke and at 
the time of discharge showed and action myoclonus and mild 
neurological abnormalities that improved during the follow-up. 
Conclusion: We report two MSE patients after in one case a sup-
posed hypoxia and the other after cardiopulmonary resuscitation 
due to acute asthmatic attack and good outcome. In agreement 
with previous reports early MSE occurred in the setting of car-
diorespiratory arrest secondary to acute respiratory difficulties is 
not necessarily an agonal event. Both patients share EEG fea-
tures and clinical pattern. We thought that a carefully clinical and 
neurophysiological description of this exceptional patients can be 
helpful. 
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Intravenous Sodium Valproate in Thai Pediatric Patients: 
Pharmacokinetics and Clinical Application
Anannit Visudtibhan1, Kasama Bhudhisawadi1, Jarin Vaewpanich1, 
Suwattana Jurawattanaporn2, Saming Kaojareon3  
1 Department of Pediatrics, Faculty Of Medicine, Ramathibodi 
Hosptial, Mahidol University, 2 Department of Clinical Pharmaco-
logy, Faculty of Pharmacology, Mahidol University, 3 Department 
of Medicine, Faculty of Medicine, Ramathibodi Hospital, Mahidol 
University 

Background Efficacy and safety of intravenous sodium valproate 
has been demonstrated in adults and Western children. Approp-
riate dosage is yet to be determined in Thai children. Methods: 
A cross-sectional study was conducted in children aged < 15 
years at Ramathibodi Hospital from January to December 2008 
to evaluate pharmacokinetics and safety of intravenous valproate 
in Thai children for implication in treatment of status epilepticus. 
Recruited subjects were children with one of the following; 1) re-
fractory status epilepticus to intravenous loading dose of pheno-
barbital or phenytoin, 2) repetitive seizures despite being treated 
with appropriate dose of intravenously phenobarbital and/or phe-
nytoin, 3) history of aromatic drug allergy. Valproate 15 - 20 mg/
kg was intravenously administrated at the rate of 3 mg/kg/min 
followed by maintenance-dose of 6 mg/kg every 6 hours. Valpro-
ate level was determined after initial dose at 30 min, 1, 2, 3, 4, 5, 
and 6 hours. Complete blood count, ammonia, and liver functions 
test prior to initial dose and at 6 hours were collected. Results: 
11 children (age range 5 – 15 years, mean age 9.5 years) were 
recruited. After mean loading dose of 18.4 mg/kg, median maxi-
mum concentration was 95.7 mcg/ml (range 67 – 141). Median 
volume of distribution (Vd) was 0.21 L/kg (range 0.12 – 0.45). 
Two children had seizure recurrence at 5th and 6th hour after 
initial dose. One child had transient elevation of serum ammonia. 
Conclusion: Volume of distribution of 0.21 L/kg is appropriate for 
calculation of intravenous valproate loading dose. 
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Is intravenous sodium valproate an effective, safety and 
well-tolerated drug for status epilepticus?
Hikmet Yilmaz1, Zeynep Elmas1, Melike Batum1, Gulsen Vatan-
das1, Nihal Dogan1  
1 Celal Bayar University, School Of Medicine, Department Of 
Neurology, Section Of Epilepsy And Sleep Disorders 

Introduction To evaluate the efficacy, safety and tolerability of the 
treatment with intravenous sodium valproate (i.v. VPA) in patients 
with status epilepticus. Methods In this retrospective study, we 
report our experience with 44 patients (20 males, 24 females) 
of status epilepticus, who were non-convulsive status epilepticus 
(NCSE), myoclonic status epilepticus (MSE) or generalized to-
nic clonic status epilepticus (GTCSE) (resistant to conventional 
drugs such as diazepam or phenitoin) were treated with i.v. VPA. 
VPA was infused 15 mg/kg in 6-7 minutes and this infusion was 
continued 1 mg/kg/hour until seizures ceased. If seizures persis-
ted after the loading dose, general anesthesia (barbiturates/pro-
pofol/midazolam) was administered. Results There were 14 pati-
ents of NCSE, 5 of MSE and 25 of GTCSE. Thirty seven patients 
(84%) showed clinical improvement and seizures were controlled 
within 20 minutes-3 hours without any adverse effects. There 
was no respiratory depresion, cardiac arrhythmia or hypotension. 
These patients remained seizure-free and were then started on 
oral anticonvulsant drugs. One NCSE, 2 MSE and 4 GTCSE did 
not respond to i.v. VPA alone and required an additional other 
anticonvulsant infusion or general anaesthesia. Conclusion We 
conclude that i.v. VPA therapy seems to be effective, safety and 
well tolerated in adult patients with NCSE, MSE and GTCSE who 
were contraindicate to conventional anticonvulsants such us dia-
zepam or phenitoin. 
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Absence Status Epilepticus caused by Cannabinoids?
Clementina M van Rijn1, Richard Ngomba2, Silvana Gaetani3, 
Aleksandra V. Gabova4, Aleksandra Zharikova4, Galina D Kuz-
netsova4

1 Donders Institute for Brain, Cognition and Behaviour; Radboud 
University Nijmegen The Netherlands, 2 N.M Neuromed, Pozzilli; 
Italy, 3 Dept. of Pharmacology and Physiology, University of 
Rome, La Sapienza’, Italy, 4 Institute Higher Nervous Activity and 
Neurophysiology/RAS, Moscow, Russia.

Because cannabinoids, acting on pre-synaptic CB1 receptors, in-
hibit the release of neurotransmitters, they may act as brakes in 
overactive circuits. Abnormalities in the thalamo-cortical circuitry 
might underlie absence epilepsy. We therefore investigated the 
influence of a cannabinoid agonist on absence seizures.
We used the genetically epileptic WAG/Rij rat model, which shows 
spontaneous absence seizures visible in the EEG as “spike-wave 
discharges” (SWDs). WAG/Rij rats (n=6 per dose) were injected 
with solvent or with the cannabinoid agonist WIN55,212. EEG’s 
were recorded.
A single dose of WIN55,212 (3, 6 or 12 mg/kg, i.p) reduced 
the incidence of SWDs during the first 3 hours post-treatment 
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in a dose-dependent way (ED50, 3 mg/kg). After this initial re-
duction, the incidence of the SWDs returned to baseline level. 
However, the duration of the reappearing SWDs was marked-
ly changed. Multiple very long SWDs were observed, lasting up 
to 100 seconds, whereas baseline SWDs rarely last longer than 
17 seconds. In the baseline, SWD activity was seen during 2% 
of the time, whereas in the 6th hour after administering 12 mg 
WIN55,212, SWD activity was seen during 12% of the time.
We will discuss possible mechanisms that underlie these ab-
sence-like status epilepticus periods. Clarifying this mechanism 
may help to answer the intriguing, unsolved question what cau-
ses epileptic seizures to stop at all.
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Non-Rasmussen, non-vascular epilepsia partialis continua
Peter Wolf0, Carla Cristina Bentes4, Maria Paola Canevini5, Tiziana 
Granata6, Ruta Mameniskiene7, Gayane Melikyan8, Roberto Mi-
chelucci9, Francesca Granata6, Guido Rubboli9, Jana Zárubová10 

1 Epilepsy Centre Bethel, Mara Hospital, Bielefeld, Germany, 
2 Danish Epilepsy Centre, Dianalund, Denmark, 3 Copenhagen 
University Hospital Rigshospitalet, Copenhagen, Denmark, 4 
Laboratório de EEG/Sono, Dept. Neurology, Hosp. Sta Maria, 
Lisboa, Portugal, 5 Dpt. Neurology, Osp. S. Paolo, Università degli 
Studi di Milano, Italy

Background: EPC comprises entities like Rasmussen and stro-
ke-related EPC. We study cases belonging to neither of these 
entities. Methods: Inclusion criteria were local continuous irritati-
ve motor or sensory symptoms, persistent or recurring in episo-
des. We analysed age at onset of EPC and epilepsy, time course, 
syndrome diagnosis, semiology of EPC and concomitant seizure 
types, localization, findings of EEG and imaging, etiology and re-
sponse to treatment. Results: 21 cases aged 9 to 66 were iden-
tified. Seizures (SF in 19 pats, GTC in 13, CF in 6) had started 1 
to 52 years before EPC. 13 patients had EPC of the persistent, 
and 6 of the recurring type. Twice EPC started episodically and 
turned persistent later. Semiology was always of the same type 
as the patient’s focal seizures (motor in 11, sensorimotor in 4, 
somatosensory in 2 and visual in 4). EEG with EPC was unre-
vealing in 5 cases, showed epileptiform activity in 12 and local 
slow activity or flattening in 4. Etiology was based on imaging in 
16 cases: cortical dysplasia in 5, tumour in 2, atrophic lesion in 2, 
unspecified morphological lesion in 4, arteriovenous angioma in 
1, 7 unclarified. Most patients were resistant to multiple drugs. A 
positive effect of Topiramate (TPM) was noted in 6 of 11 patients 
so treated. Conclusions: Our patients are no homogeneous group 
but may include identifiable subgroups. EPC due to dysontoge-
netic lesions stood out by their response to TPM. Visual EPC 
seems to be more common than generally believed. 
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Inspire d by

Andrea: diagnosed with epilepsy in 1990

With her fear and denial of epilepsy behind her, Andrea looks forward to the 
possibilities ahead. 

At UCB, our passion for delivering innovative solutions is driven by the desire to make 
a real difference to the lives of people with epilepsy who inspire us, like Andrea. 
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