

  [image: cover]




  


  


  





   




   




  ISBN : 978-2-74200713-4




   




  © John Libbey Eurotext, Paris, 2008




   




   




   




  [image: ]




  Éditions John Libbey Eurotext


  127, avenue de la République


  92120 Montrouge, France


  Tél. : 01 46 73 06 60


  e-mail : contact@jle.com


  http://www.jle.com




   




  Drug-Resistant Epilepsies




   




  Philippe Kahane


  Anne Berg


  Wolfgang Löscher


  Doug Nordli


  Emilio Perucca




  


  





  




   




  [image: ]




  Workshop on


  “Drug-Resistant Epilepsies”


  Sitges, april 2008


  




  Scientific Committee:


  Alexis Arzimanoglou (France), Anne Berg (USA), Edouard Hirsch (France), Philippe Kahane (France), Wolfgang Loscher (Germany), Doug Nordli (USA), Emilio Perucca (Italy), Philippe Ryvlin (France)




  Editors:
 Philippe Kahane, Anne Berg, Wolfgang Löscher, Doug Nordli, Emilio Perucca




  





  List of Participants




  Arzimanoglou Alexis, Assoc. Professor of Neurology-Child Neurology, Institute for children and adolescents with epilepsy-IDEE, University Hospital of Lyon, France alexis.arzimanoglou@chu-lyon.fr




  Beghi Ettore, Laboratorio Malattie Neurologiche, Istituto “Mario Negri”, Via La Masa 19, 20156 Milano, Italy beghi@marionegri.it




  Berg Anne, Research Professor, Department of Biology, Northern Illinois University, 429 Montgomery Hall, DeKalb, Illinois 60115, USA t80atb1@wpo.cso.niu.edu




  Bertram Ed, Department of Neurology, University of Virginia, P.O. Box 800394, Charlottesville,VA 22908-0394, USA ehb2z@virginia.edu




  Brodie Martin, Director, Epilepsy Unit,Western Infirmary, Glasgow, G11 6NT, Scotland martin.j.brodie@clinmed.gla.ac.uk




  Carreno Mar, Director, Epilepsy Unit, Hospital Clínic, c/Villarroel 170, 08036 Barcelona, Spain mcarreno@clinic.ub.es




  Cole Andy, MD, FRCPC, Director,MGH Epilepsy Service, Associate Professor of Neurology, Harvard Medical School,WAC 739 L, Fruit Street, Boston, Massachusetts 02114, USA cole.andrew@mgh.harvard.edu




  Depaulis Antoine, INSERM JE-MRNT “Contrôle des réseaux synchrones épileptiques”, Université Joseph Fournier, UFR Biologie ­ Bâtiment B, 2280 rue de la Piscine, 38000 Grenoble, France antoine.depaulis@ujf-grenoble.fr




  Eltze Christin, Child Neurologist, Institute of Child Health, University College London, London WC1N 2AP, United Kingdom c.eltze@ich.ucl.ac.uk




  Francione Stefano, Centro per la Chirurgia dell'Epilessia “Claudio Munari”, Dipartimento di Scienze Neurologiche, Ospedale Niguarda Ca' Granda, Piazza Ospedale Maggiore 3, 20162 Milano, Italy stefano.francione@ospedaleniguarda.it




  French Jacqueline, NYU Comprehensive Epilepsy Center, 403 East 34th Street, 4th floor, New York, NY 10016, USA jacqueline.french@nyumc.org




  Gaillard William, Dept of Neurology, Children's National Medical Center, 111 Michigan Ave NW, Washington, 20010 DC, USA wgaillar@cnmc.org




  Gilliam Franck,The Neurological Institute, 7th Floor, Columbia University, 710 West 168th Street, New York, NY 10032, USA fgilliam@neuro.columbia.edu




  Gil-Nagel Antonio, Programa de Epilepsia, Servicio de Neurologia, Hospital Ruber International, La Maso 38, Mirasierra, 28034 Madrid, Spain agnagel@ruberinternacional.es




  Halasz Peter, Professor, Pázmány Catholic University, Faculty of Information and Technology, 1026 Lotz K.u. 18, Budapest, Hungary halasz@opni.hu




  Hammers Alexander, Senior Lecturer, MRC Clinician Scientist Fellow, Department of Clinical and Experimental Epilepsy, National Hospital for Neurology and Neurosurgery/Institute of Neurology, UCL, 33 Queen Square, London WC1N 3BG, United Kingdom alexander.hammers@csc.mrc.ac.uk




  Hesdorffer Dale, Ph.D., Assistant Professor of Epidemiology, Columbia University, GH Sergievsky Center, 630 W 168th, P & S Unit 16, New York, NY 10032, USA dch5@columbia.edu




  Hirsch Edouard, Professor of Neurology, University Hospitals of Strasbourg and CRTS-IDEE, Strasbourg, France edouard.hirsch@chru-strasbourg.fr




  Kahane Philippe, MD, Ph.D., Professor of Neurolphysiology, Epilepsy Unit, Neurology Department and INSERM U704, CRTS-IDEE, University Hospital, 38043 Grenoble, France philippe.kahane@ujf-grenoble.fr




  Kälviainen Reetta, MD, Ph.D., Neurologist, Director Kuopio Epilepsy Center, Kuopio University Hospital, POB 1777, 70211 Kuopio, Finland reetta.kalviainen@kuh.fi




  Kimiskidis Vasilios, Department of Neurology III, Aristolte University of Thessaloniki, G. Papanikolaou Hospital, Exokhi, 57010 Thessaloniki, Greece kimiskid@med.auth.gr




  Kramer Günter, Medical Director SchweizEpilepsie-Zentrum, Swiss Epilepsy Center, Bleulerstr. 60, 8008 Zürich, Switzerland g.kraemer@swissepi.ch




  Krauss Gregory, Associate Professor of Neurology, Johns Hopkins University, Meyer 2-147, 600 N.Wolfe St., Baltimore, MD 21287, USA gkrauss@jhmi.edu




  Kwan Patrick, Associate Consultant and Hon Associate Professor, Division of Neurology, Department of Medicine & Therapeutics, The Chinese University of Hong Kong, Prince of Wales Hospital, Hong Kong patrickkwan@cuhk.edu.hk




  Leppik Ilio, MINCEP Epilepsy Care, 7-101 Weaver ­ Densford Hall, 308 Harvard St S.E., Minneapolis, MN 55455, USA leppi001@umn.edu




  Löscher Wolfgang, Prof. Dr, Head, Department of Pharmacology, Toxicology, and Pharmacy, University of Veterinary Medicine Hannover, and Head, Center for Systems Neuroscience Hannover, Buenteweg 17, D-30559 Hannover, Germany wolfgang.loescher@tiho-hannover.de




  Mares Pavel, Professor of Pathophysiology, Department of Developmental Epileptology, Institute of Physiology, Academy of Sciences of the Czech Republic,Videnska 1083, CZ-14220 Prague 4, Czech Republic maresp@biomed.cas.cz




  Mathern Gary, Associate Professor, Neurosurgical Director, Pediatric Epilepsy Surgery Program, David Geffen School of Medicine, University of California Los Angeles, 710 Westwood Plz, Los Angeles, CA 90095-1769, USA gmathern@ucla.edu




  Nordli Douglas, Jr., MD, Children's Memorial Hospital and Feinberg School of Medicine, Northwestern University, 2300 Children's Plaza, no. 29, Chicago, IL 60614, USA DNordli@childrensmemorial.org




  Perucca Emilio, Professor of Clinical Pharmacology Unit, University of Pavia, Piazza Botta, 10, 27100 Pavia, Italy perucca@unipv.it




  Picot Marie-Christine, Unit of Clinical Research and Epidemiology, Department of Medical Information, University Hospital of Montpellier, 34295 Montpellier Cedex 5, France mc-picot@chu-montpellier.fr




  Ryvlin Philippe, Professor of Neurology, Department of Functional Neurology and Epileptology, Neurology University Hospital, and CRTS-IDEE, HCL, Lyon France ryvlin@cermep.fr




  Sallaz Monique, Neurobiologiste, Chef de projet IDÉE, Directrice de la Fondation IDÉE, 89 rue Bellecombe, 69003 Lyon, France monique.sallaz@fondation-idee.fr




  Sander Josemir, Professor, UCL Institute of Neurology, Queen Square, London WC1N 3BG, United Kingdom lsander@ion.ucl.ac.uk




  Schmidt Bernd, MD, Ph.D., Neurology and Psychiatry Outpts Clinic, Hasenbuckweg 14, Wittnau, Germany drs.schmidt.wittnau@t-online.de




  Schmidt Dieter, Emeritus Professor of Neurology, Free University of Berlin, Epilepsy Research Group, Geothe Strasse 5, 14163 Berlin, Germany dbschmidt@t-online.de




  Semah Franck, Laboratoire de Médecine Nucléaire et de Recherche BioMédicale, Service Hospitalier Frédéric Joliot, Commissariat à l'Énergie Atomique, 4, place du Général Leclerc, 91400 Orsay Cedex, France franck.semah@cea.fr




  Serratosa José, Unidad de Epilepsia, Servicio de Neurologia, Fundacion Jimenez Diaz, Universidad Autonoma de Madrid, Avda Reyes Catolicos, 2, 28040 Madrid, Spain serratosa@telefonica.net




  Shorvon Simon, National Hospital for Neurology and Neurosurgery, UCL Institute of Neurology Clinical and Experimental Epilepsy, Queen Square, London,WC1N 3BG, UK s.shorvon@ion.ucl.ac.uk




  Sills Graeme, Division of Neurological Science, University of Liverpool, Clinical Sciences Centre for Research & Education, Walton Centre for Neurology & Neurosurgery, Lower Lane, Liverpool L9 7LJ, United Kingdom g.sills@liv.ac.uk




  Sisodiya Sanjay, Department of Clinical and Experimental Epilepsy, National Hospital for Neurology and Neurosurgery, Queen Square, London, UK sisodiya@ion.ucl.ac.uk




  Spreafico Roberto, Division of experimental neurophysiology and epileptology, Istituto Nazionale Neurologico “C. Besta”, Via Celoria, 11, 20133 Milano, Italy spreafico@istituto-besta.it




  Trinka Eugen, Head of Epilepsy Service and EEG Laboratory, University Hospital Innsbruck, Anichstrasse 35, 6020 Innsbruck, Austria eugen.trinka@uklibk.ac.at




  Van Nieuwenhuizen Onno, Wilhelmina Children's Hospital, Lundlaan 6, 3584 EA Utrecht, The Netherlands o.vannieuwenhuizen@umcutrecht.nl




  Walker Matthew, Institute of Neurology, UCL, Queen Square, London WC1N 3BG, UK m.walker@ion.ucl.ac.uk




  Wiebe Samuel, MD, MSc, FRCPC, Professor and Head, Division of Neurology, University of Calgary, Rm C-1224, Foothills Medical Centre, 1403 ­ 29 St NW, Calgary, Alberta, Canada T2N 2T9 swiebe@ucalgary.ca




  Workshop supported by an unrestricted educational grant from UCB.




  Towards a clinically meaningful definition of drug-resistance
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  Nearly 30% of patients with epilepsy are not controlled by currently available antiepileptic drugs and/or surgical procedures. Consequently, it is not surprising that terms like “drug-resistant seizures or epilepsy”, “pharmaco-resistant epilepsy”, “refractory epilepsy” or “intractable epilepsy” are abundantly used in the epilepsy literature. What is surprising is that very often terms used are not defined or that the definitions used differ considerably. Despite obvious etymological differences, these terms are used indifferently in a number of different settings: as a criterion for selection of patients eligible for new antiepileptic drug (AED) trials, for the selection of surgical candidates, for teaching purposes (how long a patient can be kept on the same drug, etc.), for the design of epidemiological studies, for the design of studies on quality-of-life (QOL), for the definition of the epileptic encephalopathies (in comparison to more benign epilepsy syndromes), to mention but a few. Such phrases are also used when describing the prognosis of various epilepsy syndromes, despite the fact that these epilepsy syndromes and epilepsies represent different disorders in terms of age at onset, electroclinical expression, underlying etiology or pathophysiological mechanisms. The same terms are also used in basic research studies, using criteria not necessarily relevant for human pathology (resistance to a single AED such as phenytoin or barbiturates). As a result of either the absence or the abundance of definitions, available studies in the field are usually not comparable, thus limiting the value of the conclusions drawn.




  The following three phrases are examples of such definitions: “Persistence of true epileptic seizures with a sufficient frequency or severity in a compliant patient despite optimal therapy for a minimum of two years (Jallon 1997)”; “When satisfactory seizure control could not be achieved with any of the potentially effective AEDs, alone or in combination, at subtoxic doses or levels (Bourgeois 2001)”; “The patient does not become seizure-free with even the highest dosage of antiepileptic drug tolerated without unacceptable side effects (Wolf, 1994)”. These definitions will be commented upon in turn in order to highlight the diversity of issues they introduce and comments will subsequently serve as the basis for proposing a “clinically meaningful definition”, within the limits of current knowledge and aims.




  “Persistence of true epileptic seizures with a sufficient frequency or severity in a compliant patient despite optimal therapy for a minimum of two years” (Jallon 1997)




  This definition, although apparently elusive, underscores a number of issues that one needs to address before being able to characterize a given patient with epilepsy as drug-resistant:




  - the need to ascertain the diagnosis of epilepsy and to rule out the possibility of pseudo-seizures;




  - the need to ensure that the patient is “compliant” with the treatment prescribed;




  - the need for “optimal therapy”. This term can be interpreted in more than one way, however, it can be assumed that it refers to the appropriate choice of AEDs (based on current knowledge of indicated and contra-indicated AEDs per epilepsy syndrome; the use of the maximally tolerated dosage when necessary independent of drug plasma levels, the proper evaluation for eventual adverse events, etc.).




  Other terms used have, in our view, disadvantages:




  ­ By introducing the concept of “sufficient frequency or severity” one accepts the notion that active epilepsy might not necessarily have an impact on quality of life. This assertion might well be true in some individual patients, but in general, and in agreement with all related studies, total seizure freedom is the key factor to restore quality of life in patients with epilepsy. Considering the major subjectivity underlying the evaluation of seizure severity (for example, are repeated and prolonged episodes of ascending epigastric sensation with aphasia more or less severe than repeated episodes of brief alteration of consciousness followed by jargonophasia?), as well as the difference between the patients and physicians perspective on this issue, there is a risk of wrongly assuming the “benign” nature of an epileptic disorder using the above terms.




  - By introducing a timeframe of “a minimum of two years” of “optimal therapy”, this definition is clearly not appropriate in rapidly deteriorating conditions such as infantile spasms.




  In summary, this definition, although sufficiently general to cover a number of major issues related to AED resistance could be misinterpreted by a non-specialist who will defer referral to the epilepsy specialist until he/she considers the disorder to be severe enough. This undue delay might have serious consequences on the optimal early care and related long-term prognosis of various epilepsy syndromes, such Lennox-Gastaut syndrome (LGS), or surgically remediable epilepsies.




  “When satisfactory seizure control could not be achieved with any of the potentially effective AEDs, alone or in combination, at subtoxic doses or levels” (Bourgeois 2001)




  This statement is even more general, most probably in an effort to avoid the pitfalls of a precise definition when dealing with a vast spectrum of disorders, such as epilepsies. The term “satisfactory” is not defined, increasing the risk of a variety of interpretations, similar to those described above. The suggestion that “any of the potentially effective AEDs, alone or in combination” is necessary before characterizing a given epilepsy as drug-resistant might be considered as pertinent by those working on mechanisms that explain resistance to AEDs, however, it is certainly not applicable as an eligibility criterion for entering a new drug trial or for selecting candidates for pre-surgical evaluation. By introducing the notion of “combination” of AEDs used, this definition correctly underscores the importance of considering the combination as well as the choice of AEDs prescribed, when evaluating a patient with persistent seizures (for example the combined effect of sodium valproate or lamotrigine may not have the same effect when used alone or in the presence of an enzyme inducer). However, with nearly 20 AEDs available, an entire lifetime would not be sufficient to try all possible combinations and dosages. Misinterpreting such an approach could again lead to unacceptable delays in referral to surgery or to an epilepsy specialist.




  “The patient does not become seizure free with even the highest dosage of antiepileptic drug tolerated without unacceptable side effects” (Wolf, 1994)




  This definition has the merit of clearly introducing the notion of seizure freedom, the most important parameter from the patient's perspective. It also integrates current knowledge on how to use AEDs, i.e. not being afraid to increase the dose administered provided that tolerability is also taken into account. However, it introduces the notion of unacceptable side effects, suggesting that some adverse events might be acceptable. As for the notion of seizure severity discussed above, there is no doubt that some individual patients suffer benign and well tolerated side effects that do not interfere with their daily living. But this notion also carries the risk of ignoring the devastating long term impact of insidious cognitive adverse events, such as those encountered with barbiturates. What is also lacking from such a definition, are issues relating to the number of AEDs to be tried before considering a patient as drug-resistant and the expected minimum duration of seizure freedom.




  In our view, all three examples of definitions, briefly discussed above, represent important steps for a better understanding of “drug-resistant epilepsy” and largely contributed to shaping today's “best clinical practices”. Their limitations primarily reflect the complexity of the issue concerned; to provide a single and simple definition, that is applicable to a great variety of clinical situations and research studies. This is particularly relevant if the impact of epilepsy on the patient's quality of life and social functioning is also to be taken into account. In accordance with the important progresses made in the field during the last decade, it appears timely for the epilepsy community to forge a clearer, up-to-date, and easy-to-use definition of drug-resistance that will serve as a common basis for future practice and research.




  ■ What should be and what cannot be part of the definition




  To be operational, a definition of “drug-resistant epilepsy”1 needs to be generic. The reason for this is based on the fact that the term “epilepsy” refers to a number of symptoms (various types of seizures, occurring alone or in all possible combinations) and to a variety of disorders (age-dependent syndromes; as a major or minor symptom of a great variety of neurological diseases; etc.). Consequently, it must be agreed that the core definition should not intend to cover all possible issues related to drug-resistance, and in particular prognosis. Prognosis can only be discussed for each epilepsy syndrome taken separately.




  The issues of seizure frequency and duration of active epilepsy should not be part of the definition. Similarly, no reference should be made to an acceptable number of persisting seizures. These issues constitute part of the definitions for each specific epilepsy syndrome. The number of persisting seizures may be extremely variable as it is also closely related to the epilepsy syndrome. The only measurable and comparable parameter that should be emphasized in a patient-centered definition is full control of seizures, i.e. seizure freedom.




  The “number of AEDs to be tried” before concluding on pharmaco-resistance appears instrumental, primarily to avoid an undue delay in establishing the diagnosis and referring the patient to an epilepsy specialist. All available studies, in both children and adults treated with old and new generation AEDs, have shown that the percentage of patients that can achieve seizure freedom after the failure of two or three AEDs diminishes dramatically, regardless of the type of epilepsy. Based on these data, it appears reasonable to consider that the failure of 2-3 appropriately chosen AEDs, used at optimal dosage2, is a sufficient proof of drug-resistance. This applies to all forms of epilepsies regardless of seizure frequency. What will vary according to the epilepsy syndrome is the time needed to reach such a conclusion: for a partial epilepsy, this may take up to a few years, whereas this should only take a few weeks in infantile spasms or in Lennox-Gastaut syndrome.




  A meaningful definition of “drug-resistance” should also include a time reference for the minimum period of clinically relevant seizure freedom. At this point, it should be clarified that this does not imply a cure for epilepsy (this is again referred to in the definition of each epilepsy syndrome), or of the underlying neurological disorder. The decision on what could be a “clinically meaningful” period without seizures will unavoidably be arbitrary. Two years is certainly better than one year, which in turn is better than 6 months. By convention, we could accept a minimum period of 12 months seizure freedom. Twelve months of seizure freedom in a case of severe epilepsy, like a Lennox-Gastaut syndrome or a MTLE, allows a certain degree of confidence that the appropriate drug was used. For epilepsy syndromes characterized by a low frequency of seizures, i.e. a Rolandic epilepsy, 12 months may be short, although clinical experience suggests that drug-resistant patients with this syndrome usually have more than one or two seizures per year.




  In conclusion, we suggest that in order to be operational, a core (generic) definition of “drug-resistant epilepsy” should:




  - Include as a main parameter the only common element between all forms of epilepsy: seizures.




  - Incorporate what is clinically meaningful to the patient: seizure freedom.




  - Integrate current knowledge of the response of the majority of patients to AEDs: 2-3 AEDs.




  - “Arbitrarily” fix the minimum requested period of seizure freedom to consider the result obtained as meaningful: 12 months.




  All other issues (syndrome, etiology, predictors etc.) should not be part of the core definition, but variables to be added on the basis of the context and current knowledge.




  ■ Who will use this definition and how




  It should be expected that a core definition will serve all possible users: general practitioners, neurologists and child neurologists, neurologists specialized in epilepsy, pharmacologists, geneticists, basic research scientists, industry, health authorities, lay associations...




  Current knowledge on epilepsy syndromes, the availability of more than 20 AEDs, the progresses of surgical treatments, the need for further research on the underlying mechanisms of epileptogenesis and on the response or resistance to drugs complicates the everyday diagnosis and care of epilepsy that benefits the patient. However, the vast majority of new-onset epilepsies is first seen by a general practitioner or, at best, in an emergency or general neurology department. Late referral to an epilepsy specialist may have dramatic consequences.




  A clear-cut definition of drug-resistance based on current knowledge, as suggested above, will facilitate early identification of drug-resistant patients by a non-specialist and, hopefully, early referral. It will also support the efforts of lay associations and of the epilepsy scientific societies vis-à-vis the health authorities in order to obtain the appropriate means, both in terms of epilepsy experts and technical means, to allow prompt investigation.




  This new approach, if validated by the epileptological community, will also influence inclusion criteria for drug trials, for the benefit of the patient. Indeed, today's practice is to include patients that have already failed a large numbers of, if not all, AEDs, thus representing a minority of drug-resistant patients and where the chance to achieve seizure freedom is very limited. In many instances, it might be more relevant to test new AEDs in the early course of pharmaco-resistance. This would be particularly interesting in patients with severe epilepsy syndromes (ex. Lennox-Gastaut) where an effective new treatment might not only help to control existing seizures but also to prevent the development of an epileptic encephalopathy. The definition of drug-resistance suggested above would allow inclusion of patients with less severe forms of refractory epilepsy and would better inform us on the potential usefulness of new AEDs in clinical practice.




  The use of a common definition will also facilitate comparison of results from epidemiological studies regarding the time course of illness, as well as predictors of remission or relapse etc.




  Earlier recognition of drug-resistance should also promote earlier referral for pre-surgical evaluation and result in better surgical outcome3.




  What remains to be discussed is the potential utility of the core (generic) definition suggested above for basic research, pharmacogenomic and molecular biology studies. We believe that such a definition is useful in offering a first selection step, understanding that additional criteria might be needed according to the issue under consideration (i.e. resistance to one specific AED versus refractoriness to all available drugs).




  The first three chapters of this book discuss what we know today about the natural history of drug-resistant epilepsy (Anne Berg), the basis of how valuable clinical data challenge the issue of drug-resistant versus drug-sensitive patients (Martin Brodie) and the specific issue of response to drugs in cases of status epilepticus (Aidan Neligan and Simon Shorvon). The basic science section critically reviews current knowledge of the mechanisms of drug-resistance (Wolfgang Löscher), of the genetic identification of refractory patients (Sanjay Sisodiya) and offers some suggestions on what should be the most relevant animal models to further investigate these issues (Ed Bertram). Present and future molecular targets (Graeme Sills) as well as a critical evaluation of AEDs in development with real potential (Emilio Perucca) introduce the next section on treatment issues. The fourth section discusses two challenging aspects relating to surgical treatment: does surgery really suppress drug-resistance and how (Dieter Schmidt)? Are innovative surgical treatments, such as deep brain stimulation, really useful (Phillippe Kahane et al.)? The last section of this book underscores the importance of an approach beyond seizure reduction (Franck Gilliam and Piero Perucca) and discusses early identification of drug-resistant patients (Doug Nordli) and differences between those epilepsies considered today by definition as epileptic encephalopathies and focal non-idiopathic epilepsies (Helen Cross and Christine Eltze).




  At present, the definition proposed above can only be considered as a basis for further discussion. A consensus of the epilepsy community is desperately needed and will then be challenged by everyday clinical practice and research to either survive the proof of time or to be modified on the basis of newly acquired knowledge.




  Notes :




  1 - The issue of “resistance to surgery” is slightly, although not completely, different and merits a separate discussion that is beyond the scope of this introductory chapter.




  2 - We are fully aware that the terms “appropriate” and “optimal” may be source of misinterpretations. However, they cannot be further defined within the definition of “drug-resistance epilepsies” as they are supposed to reflect current knowledge on the most appropriate AEDs to be used per epilepsy syndrome. They also presuppose a good knowledge of titration guidelines and maximal doses of each AED. If this is not the case, the physician will not be apt to judge if his patient is resistant to AEDs and he has the moral obligation to refer his patient to a specialist.




  3 - Resistance to AEDs is not the only criterion for the selection of surgical candidates. Other criteria, such as the absence or presence of a lesion, the topography of the epileptogenic zone, the age of the patient, the impact of an active epilepsy on cognitive development are of primary importance.




  The risk, correlates and temporal patterns of intractable epilepsy
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  Early characterizations of epilepsy described the disorder as an inexorably intractable, progressive disease (Gowers WR, 1881). In 1979, the first population-based epidemiological study of the seizure outcomes of epilepsy changed our understanding of the course of disorder by showing that most people became seizure-free and nearly half became seizure-free and no longer needed drugs (Annegers JF et al., 1979). A tacit assumption set in, that not being in remission was the complement to being intractable; that by studying remission, one was in essence studying intractability. In fact, for reasons discussed below, seizure outcomes are far more dynamic and complex, and intractability is an outcome that must be defined and studied in its own right.




  Relatively few studies have examined the risk of developing intractable epilepsy or predictors of the condition. The frequency in the population of intractable epilepsy and the factors most associated with it are important in that they provide the context and some starting clues for more detailed intensive studies of mechanisms and treatments.




  Frequency and risk of intractability




  A recent study estimated the prevalence of intractable epilepsy in a defined population in France (Picot MC et al., 2008). The overall prevalence of epilepsy was 5.4/1000. Intractable epilepsy was present in approximately 16% of all prevalent cases meaning nearly 1 person per 1,000 in the general population has intractable epilepsy. This is the single best estimate available of the prevalence of intractable epilepsy for a developed country.




  Several cohort studies of individuals with newly diagnosed epilepsy have also examined the risk and correlates of developing intractable seizures (Table I). The proportion of patients who become intractable varies considerably from 6% (Arts WFM et al., 2004) to 69% (Spooner CG et al., 2006). There are several reasons for this linked to the type of population studied (general, pediatric only, selected type of epilepsy) and methods of ascertainment (prospective surveillance versus retrospective chart review). There is also tremendous variability in how intractability has been defined for research purposes. While there is moderate to good agreement among these definitions for classifying patients as intractable or not intractable [kappas ranged from 0.45 to 0.79 (Berg AT & Kelly MM, 2006)], there is still a sizeable number of cases for whom these definitions disagree.




  In a Dutch study, intractability was defined at five years (Arts WFM et al., 2004). A subject could have been seizure-free for no more than 3 months during the fifth year of observation and had to have failed reasonable trials of two appropriate AEDs. Only 6% of the cohort was intractable by those criteria. In the US study, 14% met a stringent study definition of intractability (Table I) and 23% failed at least two drugs (Berg AT et al., 2006). In a study of a mixed age population with a median age at onset of 25 years, 37% of patients had failed an unspecified number of drugs and were not seizure-free for at least a year at last contact. Finally, in two pediatric series limited to temporal lobe epilepsy, 37% (Dlugos et al., 2001) and 69% (Spooner CG et al., 2006) of the patients were considered intractable. In both studies, patients had to have failed trials of at least two AEDs. Other details are provided in the table.




  [image: ]




  Correlates and predictors of intractability




  Most studies that examine seizure outcomes focus on remission which is much easier to define than intractability. In studies of remission, the single most important predictors identified in these studies is the presence or absence of a “symptomatic” cause (Annegers JF et al., 1979; Lindsten H et al., 2001), although, not all studies report this finding (Cockerell O et al., 1997; Collaborative Group for the Study of Epilepsy, 1992) A “symptomatic” cause of epilepsy is a separate condition, acquired or congenital, that affects (damages) the brain ultimately resulting in a substantially increased risk of epilepsy (Commission on Epidemiology and Prognosis and International League Against Epilepsy, 1993). These epidemiological studies are quite powerful and provide information about broad patterns in a population. From the perspective of epileptology, they are quite crude. Furthermore, they do not explicitly address the question of intractability.




  Of the studies to examine predictors and correlates of intractability, perhaps the single most powerful predictor of intractability is the type of epilepsy. Different investigators take somewhat different approaches to this issue, but the basic findings are consistent. The Canadian investigators reported that overall, 12.4% of the cohort was intractable (Camfield P & Camfield C, 2003) and included 7.9% of those with focal and generalized tonic-clonic seizures, 8% for absence seizures, and 54% for “secondary generalized” epilepsies. The Dutch study found a surprisingly low prevalence of intractability at 5 years with relatively little variation by type of epilepsy, 4% in idiopathic syndromes and 10% in the cryptogenic and symptomatic generalized syndromes (Arts WFM et al., 2004). The Scottish study reported a lower occurrence of intractability for patients with idiopathic (26%) versus all other forms of epilepsy (40%) (Kwan P & Brodie MJ, 2000).




  In the US study, three broad groups were defined: 1) One containing the epileptic encephalopathies, and other secondary generalized syndromes. 2) The age-dependent idiopathic localization-related and generalized epilepsies. 3) The other focal and undetermined epilepsies (Berg AT et al., 2006). In the first group 50% or more, depending on the definition, met criteria for intractability. Within this group, Lennox-Gastaut is almost always intractable. West syndrome has considerably greater variability with as much as 40-50% eventually becoming seizure-free. The idiopathic syndromes rarely became intractable and are generally known for being highly responsive to AED treatment. Even when these epilepsies do not respond to AEDs initially, the epilepsy itself often completely resolves eventually and no longer requires treatment. It is not a matter of the drugs starting to work; there is simply no longer a need for them.




  The third group is perhaps the most important to consider as the majority of epilepsies in adults and roughly half of all epilepsies in children are either undetermined (unclassified) epilepsies or other focal epilepsies (Berg AT et al., 2006; Callenbach et al., 1998; Jallon P et al., 2001). They are described based on their localization and are further designated as “symptomatic” if associated with a known lesion or other condition and “cryptogenic” when the cause is unknown. Both the cryptogenic and the symptomatic focal epilepsies contain a heterogeneous mix of disorders. The cryptogenic epilepsies compromise forms that are sometimes demonstrated to have a causative lesion later in their course. Others will likely be found to represent as yet unrecognized genetic forms of epilepsy. This was the case for autosomal dominant nocturnal frontal lobe epilepsy or ADNFLE (Scheffer IE et al., 1995), autosomal dominant partial epilepsy with auditory features or ADPEAF (Ottman R et al., 1999), and genetic (formerly generalized) epilepsy with febrile seizures plus, GEFS+ (Scheffer IE & Berkovic SF, 1997). Concerted effort is needed to identify specific, homogeneous forms (genetic or otherwise) of epilepsy within this broad category. The symptomatic epilepsies occur secondary to a broad range of disorders such as hypoxic-ischemic encephalopathy, stroke, neurocutaneous syndromes, malformations of cortical development, tumors, and intracranial infections. Damage occurs at different stages of brain development and ranges from very discrete and focal to quite diffuse.




  The presence or absence of a symptomatic cause is an important prognostic factor for remission. Most studies (both case-control and cohort) of intractability find it to be an important prognostic factor as well (Berg AT et al., 1996; Casetta I et al., 1999; Ohtsuka Y et al., 2001; Dlugos et al., 2001; Spooner CG et al., 2006).




  Pre-treatment seizure frequency (Berg AT et al., 2001; Casetta I et al., 1999; Ohtsuka Y et al., 2001) is also predictive of subsequent intractability. This association was particularly striking within the focal epilepsies and persisted even in patients who were diagnosed after only two seizures (Berg AT et al., 2001). The interval between those two seizures was shorter in those who went on to become intractable than in those who did not. To a certain extent, intractability is easier to identify in cases with high seizure frequency, but this does not seem to be the only explanation for this findings.




  Factors such as age at onset, status epilepticus, and a history of febrile seizure have been looked at with varying results (Berg AT et al., 1996; Berg AT et al., 2001; Casetta I et al., 1999; Ohtsuka Y et al., 2001). They deserve further consideration, especially given the variation in definitions of intractability and the possibility that these potential prognostic factors identify different subtypes of epilepsy.




  Recognizing intractable epilepsy




  Most of what we know about intractable epilepsy in the clinical setting has been gleaned from studies of people who are already clearly in trouble. These include surgical outcome studies or randomized clinical trials of new drugs. Studies in such patients provide insights into the risk factors of severe intractability and, depending on the study, may provide some hints about the course of intractable epilepsy. The typical patient who has resective epilepsy surgery, however, has had refractory epilepsy for many years and has failed multiple AEDs. The question in these circumstances is not whether the seizures are intractable as they clearly are. Studies in these patients tell us little about how to detect intractability reliably and as early as possible in its course. To do this, we need one or possibly more reasonable and robust definitions of intractability.




  The different large-scale studies presented earlier developed reasonable, realistic criteria for identifying intractability to be applied in large research studies. With the exception of two studies (Berg AT et al., 2006; Spooner CG et al., 2006) these definitions were applied in such a way that they only captured that proportion in a population having difficulty at a given point in time without reference to their seizure control prior to or after that time. Their broader use from the perspective of studying the presentation and course of intractable epilepsy is limited as they are based on a common assumption that intractability is apparent from beginning to end of the disorder and follows a relentless course. This proposition can be broken into two parts, the onset of intractability and its stability over time.




  Onset of intractability




  There is a tacit assumption that intractable epilepsy is intractable from the very start. Certainly a good deal is. Some of the most dramatic forms of intractable epilepsy, the epileptic encephalopathies, present immediately with multiple daily seizures. They leave little doubt about their nature right from the outset. Not all forms of epilepsy are so accommodating, however. There has long been the impression in the surgical literature that mesial temporal lobe epilepsy was often of childhood-onset and that it followed a rather quiescent course during childhood and adolescence (Engel, 1987). This impression is supported by the findings in a series of 67 patients with temporal lobe epilepsy evaluated for surgery (French JA et al., 1993). Twenty-two percent had a previous period of at least 1 year seizure-free (average length of remission, 5.9 years), at some time after the onset of epilepsy. In a large multicenter study of resective epilepsy surgery, this was formally examined (Berg AT et al., 2003). The median age at surgery was in the fourth decade of life. The median age at onset of epilepsy, however, was in the mid-teens, leaving a 20 year gap between onset of epilepsy and surgery. During that 20 year gap, a quarter of patients reported being seizure free for a year or more. This was particularly pronounced in those with onset in young childhood (< 5 years), where almost half reported having significant period of remission (> 1 year). In addition, the median time to failure of a second drug (the marker of intractability used in that particular study) was nine years overall. It was greatest (~ 15 years) in those with onset in early childhood.




  Two prospective studies have since examined and confirmed these impressions and retrospective observations. In the first, a quarter to a third (depending on definition) of cases with focal epilepsy who were considered intractable over the course of 10 years met criteria for intractability more than three years after initial diagnosis of epilepsy (considered late intractability) (Berg AT et al., 2006). Intractability became evident as late as ten years after initial onset of epilepsy. The Australian study, which focused on temporal lobe epilepsy reported similar patterns with onset of intractability often not occurring until years after initial diagnosis (Spooner CG et al., 2006).




  Stability over time




  The second part of the assumption is that seizure outcomes are stable over time. That outcomes measured at one point in time reflect those that occur at any other point in time. One study described a control group that was assembled as a comparison for surgical patients (Ojemann LM & Dodrill CB, 1992). None of the controls become seizure-free with several additional years of observation. In the Western Ontario randomized trial of temporal lobectomy, of 40 patients randomized to delayed surgery, only one was completely seizure-free for an entire year after randomization (Wiebe S et al., 2001). In both cases, the study subjects were culled from among the most relentlessly intractable; they had epilepsy for many years standing and had all failed multiple different drugs.




  Followed from its initial onset, intractability is not necessarily as relentless a process. In an older retrospective study, a series of children who were considered to have intractable epilepsy (> 1 seizure a month for two years and failed at least two appropriate AEDs) were followed for as long as 20 years (Huttenlocher and Hapke, 1990). Over time, many became seizure-free (defined as less than 1 seizure per year). Of those with normal IQ, most became seizure-free versus only about 30% of those with mental retardation. The recent wave of new AEDs had not yet begun, so greater efficacy of newer drugs was not an explanation for the findings, and children who had surgery were not included. Another chart-review study examined the course of 99 children with refractory epilepsy (Takenaka J et al., 2000). Ten percent experienced temporary remissions ranging in duration from 1 to 14 years. All relapsed and their intractability resumed.




  In the prospective Dutch study of epilepsy, the investigators noted that outcomes after two years typically tended to improve by five years and that “intractability” was often a temporary phenomenon (Arts WFM et al., 2004). The US study considered variability over 10 year period (Berg AT et al., 2006). Twenty-one percent of cases who met the stringent criteria for intractability (average of 1 seizure per month, failure of 2 AEDs, etc.) went on to have a period of at least one year seizure-free although a third then relapsed again. Of those who failed two drugs, 48% experienced a subsequent remission although a third relapsed again. The Australian collaborators also reported temporary remission followed by relapse in a quarter of their series. A better understanding of the typical course of epilepsy in general and intractability in particular is required to develop meaningful definitions and determine the time period needed to make that determination prospectively as a patient is followed from visit to visit.




  Considerations for Mechanistic investigations




  Different general and specific mechanisms have been considered including drug efflux transporter mechanisms (Loescher W, 2007; Siddiqui A et al., 2003) and target desensitization (Loescher W & Schmidt D, 2006; Remy S et al., 2003). While it is fairly clear that, at the molecular level, intractability does not arise from a single mechanism (Remy S & Beck H, 2006), this realization does not filter down much into clinical research.




  Given the diversity in epilepsy, it seems natural that investigations of mechanisms should first be restricted to specific forms of clinical epilepsy. In pediatric epilepsy where there is a tremendous diversity in the types of epilepsy, this tends to be the rule rather than the exception. Randomized trials and often treatment guidelines are directed to specific forms of epilepsy and sometimes to specific etiologies (Glauser T et al., 2006). Three examples of possible inroads made in the treatment of intractable epilepsies deserve mention. Expert opinion in Europe and the US is squarely in favor of vigabatrin for the first line treatment of West syndrome secondary to tuberous sclerosis (Wheless JW et al., 2007; Wheless JW et al., 2005). This is based on a series of small trials which, when data were combined, yielded a 91% success rate for the drug in this very specific setting (McKay MT et al., 2004). The response rate is about twice as good as that for West syndrome overall treated with either vigabatrin or with cortico-steroids (Lux AL et al., 2004). Epilepsy secondary to GLUT1 deficiency is another case in which a highly specific cause of epilepsy has implications for the use of a specific treatment, the ketogenic diet (Klepper J, 2007). Finally, the cautious but building enthusiasm over the potential benefit of stiripentol for the treatment of Dravet syndrome may be another example of a very specific syndrome, most of which is linked to errors in a gene coding for a part of the neuronal sodium channel [SCN1A, (Harkin et al., 2007)] (Chiron C, 2007; Chiron C et al., 2000). These three syndromes traditionally have constituted highly intractable epileptic encephalopathies with half to virtually 100% of cases being relentlessly refractory. There is good reason to hope that progress is being made toward efficacious treatments that might change their dire reputation. These (potential) successes have been made possible by being very specific about the phenotype of the epilepsy investigated.




  For the focal epilepsies, we currently do not have great specificity in epilepsy phenotype. Randomized trials are typically of all-comers and assume that all patients in the trials are essentially the same, that drug responsiveness is a stochastic phenomenon (Brodie MJ et al., 2007; Marson AG et al., 2007; Privitera MD et al., 2003). There is currently no major consensus over which of perhaps half a dozen different drugs is preferable for seizure-control in focal epilepsy. The randomized trial data may provide evidence for a small relative benefit of one drug over another, sometimes because of different side-effect profiles more than seizure control. Ultimately, treatment decisions for focal epilepsy tend to rest on ease of dosing, cost, and side-effect profiles and not on clear evidence of one drug's superiority over others for controlling seizures.




  Phenotypic features for focal epilepsies




  The current approach of describing focal epilepsies as a function of presence or absence of a known lesion (symptomatic/cryptogenic) and lobe of the brain from which seizures arise (occipital, temporal parietal, frontal) is inadequate. There is considerable heterogeneity within the focal epilepsies some of which could determine drug responsiveness in general or to specific drugs. Factors to consider include specific causes, seizure types, seizure frequency, clustering of seizures, susceptibility to breakthrough seizures with various stressors, diurnal pattern of occurrence, seizure duration (status epilepticus), and the specific drugs to which the epilepsy does not respond. EEG patterns are the best reflection of the underlying neurophysiological processes that can be obtained noninvasively and could conceivably provide markers that may be of use. Age at onset is a critical feature in the developmental syndromes. We do not know enough about the focal epilepsies to identify age-related phenomena within this group, but given its importance in the electro-clinical syndromes of infancy, childhood and adolescence, it is hard to understand why we ignore this feature in focal epilepsies.




  Phenotypic features of intractability itself?




  The patterns of intractability have already been alluded to. There are epilepsies, not always epileptic encephalopathies, which start with a thunder clap and never stop. Others may take a more indolent course. Is it possible (likely?) that mechanisms underlying intractability with immediate onset differ from those in which the intractability does not appear for several years after onset of epilepsy?




  Implications for developing definitions of intractability




  Clinically, one would want to be very sure about the future course of a patient's epilepsy before making a strong recommendation for surgery. At the same time, waiting until intractable epilepsy has wrought irrevocable harm, which can include developmental, cognitive and social dysfunction as well as mortality, is being overly cautious to the detriment of the patient. Factors such as severity of epilepsy, consequences to the individual and the patient's needs and preferences come into play and guide treatment decisions as much as the binary determination of whether seizures are intractable.




  In mechanistic work, the ability to detect associations is enhanced when the groups being compared are clearly distinct and within group homogeneity is high. Consequently, cases (intractable epilepsy) must be truly intractable. While this is relatively straightforward in individuals with multiple daily seizures, it is not in patients with an occasional cluster of breakthrough seizures or occasional prolonged periods seizure-free.




  Summary




  Intractable epilepsy affects a significant proportion of people with epilepsy. Estimates of the risk of intractability depend on the study population, study design, the definition of intractability and how it is applied. Complex temporal patterns, especially in the focal epilepsies, require further consideration in order to develop meaningful, reliable definitions that can be used for early detection of intractability. While one can critique the different definitions used in the research to date, this is a difficult area for researchers. There is no single agreed upon definition of intractability in epilepsy. All of these efforts are reasonable attempts to develop a research definition. Most of the work so far must be viewed as paving the way toward consensus definitions for this field.




  Epidemiology is a powerful tool for providing an overview of the forest of intractability. To make advances, however, we need to study the trees, specific forms of epilepsy and specific mechanisms of intractability. Different forms of epilepsy carry different risks for intractability. Consideration of the phenotypes, especially within the focal epilepsies, may be a next important step toward progress in identifying intractability clinically and uncovering the mechanisms of drug failure.
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  Are drug-resistant and drug-sensitive patients the same? Observations from the Glasgow database
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  Around 5-10% of people will have a seizure at some time in their lives, 30% of whom will go on later to develop epilepsy. Thus 1% of the world's population will have epilepsy at any given point in time, amounting to a total of around 40 million people. Of these, 30-40% of adults will remain refractory to pharmacotherapy despite the availability of an increasingly wide range of established and newer drugs (Annegers et al., 1979; Cockerell et al., 1995; Kwan & Brodie, 2000a; Fosgren et al., 2005). Uncontrolled epilepsy can be associated with cognitive deterioration, psychosocial dysfunction and increased morbidity and mortality (Devinsky, 1999, Kwan & Brodie, 2002). Refractory epilepsy represents a socioeconomic burden at the individual, family, societal and political level in all countries across the globe (Pugliatti et al., 2007).




  Background




  The Epilepsy Unit at the Western Infirmary, Glasgow, in Scotland, was set up in 1982. From the outset all referred patients, including those with newly diagnosed epilepsy, were entered in a database. The majority of untreated patients came by direct referral from local general practitioners. From 1990 onwards, following a survey of patients reviewed at the Accident and Emergency Department, all patients presenting there with untreated seizures were reviewed rapidly at the first seizure clinic (McKee et al., 1990). Patients with a single seizure were given an emergency number to call should they have another event. This programme has allowed the gradual accumulation of more than 1,000 patients, who were diagnosed and started on their first ever antiepileptic drug (AED) under our supervision. This database continues to provide a number of insights in the natural history of treated epilepsy in adolescents and adults.




  Patients




  Most patients with first seizures or untreated epilepsy were reviewed within two weeks of referral, often a day or two after receipt of a faxed letter or telephone call. The current policy is to see urgent cases daily at the Epilepsy Unit rather than allow a waiting time to develop at the clinic. Data are collected manually via a structured questionnaire and later inserted into an electronic database. Routine investigations, including electroencephalography and brain imaging, are undertaken with minimal delay. Classification of seizure types and epilepsy syndromes takes place throughout the follow-up process. For publication purposes, each patient is reviewed again at the time of analysis when as much clinical information as possible has been accumulated.




  Monotherapy was employed initially in all patients. Treatment schedules were modified as necessary based on clinical response and drug tolerability. Patients developing idiosyncratic reactions, such as rash, or experiencing intolerable side effects, such as sedation, at “low” AED doses (e.g. carbamazepine 600 mg daily or less, valproate 1,000 mg daily or less, lamotrigine 150 mg daily or less) were deemed to have failed treatment because of adverse effects. Those who continued to experience seizures despite tolerating “higher” doses of medication (e.g. carbamazepine 600 mg daily, valproate 1,000 mg daily or lamotrigine 150 mg) daily were designated as treatment failure due to lack of efficacy. This judgement was often made from the narrative in the letter sent to the general practitioner by the doctor reviewing the patient. Patients not tolerating their first AED were prescribed an alternative. Those failing treatment because of lack of efficacy either had the original drug substituted or were offered combination therapy depending on the clinical status of the patient and their personal preference. The extent of seizure control was assessed at the time of the patient's last clinic visit.




  Patients have been categorised into 5 outcome groups (Mohanraj & Brodie, 2006). Responders to treatment required to be seizure free for at least 12 months. If they did not report any further seizures, they were regarded as having attained remission. Patients having no further seizures after taking their first AED dose were categorised as immediate responders. Relapse was defined as complete seizure control for at least 12 months followed by the subsequent development of uncontrolled epilepsy. Non responders to AED therapy never documented any 12 month seizure-free period from the outset.




  Outcomes




  The original observations in the first 470 untreated patients with newly diagnosed epilepsy were published in three papers (Kwan & Brodie, 2000a & b, 2001). More recent outcome data have focused on a total of 780 individuals with a median age of 29 years followed up between July 1982 & May 2001 [median duration of treatment 6.6 years (range 2-21 years)] (Mohanraj & Brodie, 2006). Overall 59.2% of patients achieved remission, 53% of whom were categorised as immediate responders. Non-responders accounted for 35.4% of the complete population, whereas 5.4% (8.4% of responders) relapsed and never again achieved good seizure control.




  There were no significant differences in outcome between the cryptogenic (n = 314, 56% remission) and symptomatic (n = 244, 57% remission) patient populations, although patients with idiopathic generalised epilepsy syndromes tended to do a little better (n = 222, 66% remission). Patients with underlying cortical atrophy (n = 42, 71% remission; p < 0.05) or cerebrovascular disease (n = 63, 70% remission; p < 0.01) fared better, while those with diffuse brain injury due to trauma (n = 65, 35% remission; p < 0.001) did worse than the remainder of the symptomatic group. Remission rates in patients with underlying cortical dysplasia (n = 15, 60%), hippocampal atrophy (n = 14, 50%) and primary brain tumour (n = 25, 52%) appeared no different from those with other symptomatic epilepsies. Overall, 20-40% patients with each epilepsy syndrome reported no further seizures after starting AED treatment including 21% with hippocampal atrophy and 33% with cortical dysplasia.
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Table L. Selected definitions of intractability used in the published literature

Author (ref) Study methods* Drug Other criteria
failures
Huttenlocher Retrospective cohort, chart 2 1 seizure/month for
(Huttenlocher & Hapke, review. = 2years
1990)
Berg (Berg ATetal, 1996); Retrospective 3 1 seizure/month for
Casetta (Casettal etal., case-control, chart review = 2years
1999) (Berg); Nested
case-control study in
prospective cohort
(Casetta)
Arts (Arts WFM etal, 2004)  Prospective, chartreview 2 <3 months seizure-free
during 5” year of follow-up.
Diugos (Dlugos etal., 2001) ~ Retrospective, chart 2 Any seizure during months
review. 19-24 after initial diagnosis
and treatment
Camfield (Camfield P Prospective, chartreview 3 1 seizure every 2 months.
& Camfield C, 2003) in lastyear of follow-up
Berg (Berg AT etal, 2006)  Prospective, direct patient 2 Average = 1sz/month for
contact&chart review 18 months, no more than
3months seizure-free
Berg (Berg AT etal., 2006),  Spooner: Prospective, 2 No specific seizure
Spooner (SpoonerCGet  chartreview. frequency requirements
al.,2006)
Kwan (Kwan P & Brodie Retrospective, chart No Any seizures in the
MJ, 2000) review. specific  previous year
number
required

idual reports. If prospective was not specified,
nt contact for the purposes of the stuc

* Summaries of methods are based on the descriptions in the indi
the study was assumed to be retrospective. If no mention of direct
mentioned, the study was assumed to be based on chart review.
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