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  Foreword

  


  In May 2008 the First International Epilepsy Colloquium on the mesial temporal lobe epilepsies (MTLE) was held in Marburg, Germany. It was the kick-off colloquium for a series of colloquia organized in close cooperation with colleagues from IDEE in Lyon, France (A. Arzimanoglou, P. Ryvlin and P. Kahane) and Hans Lüders from University Hospitals Cleveland, USA. This new series of Colloquia held sequentially and annually in Marburg, Lyon and Cleveland is based on the long-lasting tradition of the Bethel-Cleveland Epilepsy Symposia and likewise is focused on a specific subject of common interest to neurologists, epileptologists, neurosurgeons, neuropediatricians and neuroscientists involved in the (operative) treatment of epilepsy.


  For this colloquium, we focused on mesial temporal epilepsies because this is the group of focal epilepsy syndromes (or “constellations” according to the newly proposed ILAE terminology) which is most prevalent, most frequently operated on and has therefore been at the center of interest of epileptology and neuroscience for a long time. Major progress in our understanding of MTLE has been made since the publication on MTLE-HS by Wieser and coworkers in 2004. These advances include our understanding of the neuropathological classification of MTLE, its correlation with the clinical course as well as our ability to model this disease in toxin-free animal models and to investigate and further define it through genetic, immunological studies and innovative electrophysiology methods.


  We were fortunate to be able to bring together a group of outstanding international clinicians and neuroscientists involved in the study of MTLE willing to contribute to this volume of the “Progress in Epileptic Disorders” series which provides a comprehensive up to date and thought-provoking overview of a novel look at the MTLEs.


  The book is organized in 5 sections covering: 1) concepts and pathophysiology; 2) clinical characteristics; 3) clinical and experimental neurophysiology; 4) structural and functional imaging findings; and 5) the treatment strategies applied to mesial temporal lobe epilepsies of variable etiology.


  In the initial section, Philippe Ryvlin starts off with an in depth discussion of MTLE subsyndromes as an expression of the involvement of different networks and he proposes MTLE-plus, as a novel concept. Fabrice Bartolomei and Patrick Chauvel explain how network-properties can be characterized and quantified leading to a new understanding of and potential treatment options for MTLE. Ingmar Blümcke presents a new classification of MTLE with hippocampal sclerosis (HS) which was, in a multicenter study, correlated with clinical course and postoperative outcome. Jocelyn Bautista summarizes the available data on the genetics of MTLE-HS and febrile seizures. Finally Robert Sloviter reports on a new toxin-free rat-model of MTLE-HS induced by a specific stimulation paradigm of the perforant path.


  In the second section, the natural course, different etiologies and the diagnostic relevance of ictal semiology in adults are analysed by Soheyel Noachtar, Nancy Foldvary-Schaeffer and Felix Rosenow. The semiological characteristics of MTLE seizures in children and adolescents are discussed by Andras Fogarasi and Alexis Arzimanoglou. Finally Bettina Schmitz, Marco Mula and Michael Trimble provide a detailed review on cognitive and psychiatric symptoms and related modern treatment concepts.


  In the third section Hajo Hamer, Philippe Kahahne and Hans Lüders start off by providing a comprehensive review of surface and invasive EEG (including S-EEG-findings) in MTLE and Julia Jacobs provides insight into the relevance of high frequency oscillations (ripples and fast ripples) in the presurgical diagnosis of MTLE. Hideaki Shiraishi describes how MEG is used not only in the definition of the irritative zone but also of eloquent cortex. Finally Istvan Ulbert informs us about the experimental use of laminar electrodes to explore the function of the mesial temporal structures patients and animal models of MTLE.


  Structural and functional imaging has undergone revolutionary changes over the last decade. In section IV, Susanne Knake, Tim Wehner and Ellen Grant summarize the state of the art including cutting egde methods of structural MRI used in MTLE. This includes the visualization of “eloquent tracts” by DTI. Kirsten Labudda and Friedrich Woermann discuss how sensitive and specific functional MRI is in deliniating irritative zone and eloquent cortical areas. The reliability and current contribution, advantages and disadvantages in lateralization of language and memory functions by the goldstandard technique Wada-test and the novel technique of functional transcranial Doppler-sonography (fTCD) are described by Anja Haag and Tobias Loddenkemper. The section is completed by Wim Van Paesschens review on the role of ictal SPECT in the presurgical diagnosis of MTLE.


  The fifth and final section discusses standard as well as new treatment strategies in MTLE. Eugen Trinka discusses the available literature on syndrome related drug treatment approaches for MTLE, Giorgio LoRusso and Laura Tassi describe indications for and the techniques of SEEG-implantation in MTLE and Stephan Chabardes, Shivadatta Prabhu, and Taner Tanriverdi give a comprehensive overview of the different surgical approaches developed over the decades. Our current knowledge of predictors of postoperative seizure outcome are summarized by Alois Ebner and the methods and future role of seizure prediction/detection as well as deep brain stimulation for suppression of seizures in patients with MTLE are reviewed by Christoph Kurth. Last but not least Bernhard Steinhoff provides a critical evaluation of behavioral approaches in MTLE-treatment.


  We would like to thank all the experts who invested a lot of thought and time to write detailed and thought provoking chapters covering all aspects of MTLE. We also thank the attendants at the colloquium whose active participation in the discussions during the meeting played a significant role improving the book. We also greatly appreciate the efforts of the staff of JLE who made this book a success.


  Felix Rosenow, Philippe Ryvlin, Hans Lüders
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  Section I:

  Concepts and pathophysiology of mesial temporal lobe epilepsies


  The concept of mesial temporal lobe epilepsy


  Philippe Ryvlin, Philippe Kahane, Alexis Arzimanoglou


  Institute for children and adolescents with epilepsy IDEE, University Hospitals of Lyon, France

  


  Temporal lobe epilepsy (TLE) is the most commonly reported form of refractory epilepsy and accounts for the majority of adult patients with partial seizures. Classically, mesial TLE (MTLE) refers to TLE implicating mainly the hippocampal formation, especially in the case of hippocampal sclerosis (HS). However, cases of TLE with HS have been described with other seizure onset zones or pathological findings affecting other mesial temporal structures (e.g. amygdala, entorhinal cortex), or the temporal pole, leading to the term “limbic epilepsy” which refers to seizures originating from temporal limbic structures (Engel, 2001; 2006). In contrast, neocortical TLE is the term used to describe temporal lateral or basal seizure onset zones, in the absence of any pathology of the mesial temporal structures.


  Mesial and neocortical seizures may be distinguished clinically and electrophysiologically (O'Brien et al., 1996; Foldvary et al., 1997), however, there is also considerable overlap of clinical signs (Burgerman et al., 1995), complicated by the fact that mesial epileptic activity may extend into the neocortex. With the advances of neuroimaging and intracerebral EEG recordings, a number of extratemporal structures were found to be frequently involved in MTLE (with HS), justifying a revision of the framework underlying this concept (Kahane & Bartolomei, 2010).


  The origin of mesial temporal lobe epilepsy


  The concept of MTLE has origins in the description of Ammon's horn sclerosis, of which the first historic report was published by Bouchet and Cazauvieilh in 1825 (Bouchet & Cazauvieilh, 1825). In this early report, hardening of the mesial temporal lobe was described in postmortem brains, as well as the hallmarks of sclerotic transformation characterised by neuronal loss within the hippocampus. Based on the studies of Bouchet and Cazauvieilh and his own, Sommer presented the first detailed histological description of Ammon's horn sclerosis, noting particular neuronal loss in an area known as Sommer's sector or CA1 (Sommer, 1880). Further detailed description by Bratz (1899) more convincingly established the role of hippocampal pathology in the pathogenesis of epilepsy.


  At the same time, in the latter part of the 19th century, Hughlings Jackson, who recognised partial seizures as epileptic events, gave a clinical description of some relevant clinical findings of MTL seizures. He importantly identified the relationship between limbic-type seizures, which he referred to as “intellectual auras” or “dreamy states”, and lesions described in the mesial temporal areas (Jackson, 1880; 1898). However, it was later in the middle of the 20th century that Cavanagh and Meyer brought to light a clear link between Ammon's horn sclerosis and TLE (Cavanagh & Meyer, 1956) and the characteristics of MTLE were further defined by Hill et al. (1953) and Falconer (1971). In the seminal paper of Cavanagh and Meyer (1956), the link between Ammon's horn sclerosis and TLE was pertinently suggested to be probably neither simple nor direct. An imbalance of activities generated between an atrophic hippocampus and the adjacent limbic structures (the amygdala in particular) was implicated to explain, in an indirect manner, the genesis of neuronal hyperactivity from atrophic hippocampi. This notion has since been reinvestigated from an experimental angle using hippocampus/entorhinal cortex slices by the group of Avoli and colleagues, who suggested that the ability to produce recurrent limbic seizures, as seen in patients with MTLE, is the result of changes in network interactions along with other mechanisms of synaptic plasticity (Avoli et al., 2002).


  Following the early comments made by Bratz (1899), HS was controversially perceived as a consequence rather than a cause of epilepsy. This was further supported by others (Fisher et al., 1998; Berg et al., 1999). Although this point of view was not shared by all (Falconer et al., 1964), modern neuroimaging and animal models indeed indicate that early-life seizures may increase susceptibility to neuronal injury later in life.


  The term “mesial temporal epilepsy” was coined by French et al. (1993), following the terms “medial temporal lobe” (Tharpe, 1979), “mesial temporal seizures” (Lieb et al., 1987) and “mesial temporal sclerosis” (Falconer & Taylor, 1968).


  Classic clinical presentation of mesial temporal lobe epilepsy


  In its typical presentation, MTLE with HS is characterized by a strong association with antecedent febrile seizures, progressive development which leads very frequently to drug-resistance, topographic distribution of interictal and ictal EEG abnormalities which tend to be focused around the anterior and basal temporal lobe regions, and neuropsychological and functional neuroimaging data which also point to MTL structures (Cendes et al., 2002). This entity is likely to produce automotor seizures, with a relative absence of tonic-clonic generalised seizures and status epilepticus. Initial loss of contact without aura is uncommon and rather suggests a mesiolateral onset of seizures (Maillard et al., 2004). Seizures often initiate with an epigastric sensation (French et al., 1993), but emotional (e.g. fear) or other psychic (e.g. déjà-vécu) auras and autonomic symptoms (flushing, palor, mydriasis, tachycardia, etc.) are also common. Some patients can have olfactory sensations (King & Ajmone-Marsan, 1977), but the question of a possible orbito-frontal involvement must be raised. Auras may occur in isolation, or progress towards a motionless stare, oroalimentary automatisms (e.g. lip smacking, chewing), less frequent verbal automatisms, and progressive clouding of consciousness. Hand automatisms are frequent and tend to be predominantly ipsilateral to the sclerotic hippocampus, due to contralateral dystonic posturing (Kotagal et al., 1989). At this stage, loss of consciousness is common, but the patient may remain responsive, even in conjunction with automatisms (Ebner et al., 1995). When present, clearly intelligible ictal or immediate postictal speech is suggestive of non-dominant hemisphere involvement (Gabr et al., 1989). Seizures typically last for one to two minutes. There is transient postictal disorientation and, with onset in the language-dominant hemisphere, there may also be some degree of postictal aphasia. Postictal nosewiping, typically performed with the hand ipsilateral to the seizure onset zone, is recognized as a frequent symptom (Leutmezer et al., 1998). Patients are most frequently amnesic of the ictal phase, however, the aura is usually remembered.


  This classic ictal clinical presentation, when complete, is suggestive of MTL seizure onset, but there are no definitive characteristics which distinguish patients with HS from those with other mesiotemporal lesions or without any detectable MRI abnormalities. Yet, even typical ictal symptomatology may be due to the spread of ictal discharges from other temporal and even extratemporal areas. Conversely, although seizures may be of mesiotemporal lobe origin, they can manifest with very atypical clinical features. Overall, it is generally agreed that electroclinical features are highly variable between patients and are not specific to any form of TLE (O'Brien et al., 1996; Gil-Nagel & Risinger, 1997; Wieser et al., 2004).


  The epileptogenic network(s) in mesial temporal lobe epilepsy


  Evidence of extrahippocampal pathology in patients with MTLE was first reported in the early publication of Cavanagh and Meyer (1956). Pathological findings were then observed in various structures, including the uncus, enthorhinal cortex, amygdaloid nucleus, temporal pole and temporal neocortex (Babb & Brown, 1987; Wolf & Wiestler, 1993; Munari et al., 1994; Pasquier et al., 1996; Spanedda et al., 1997; Yilmazer-Hanke et al., 2000). Accordingly, MRI studies have demonstrated atrophy in the amygdala, entorhinal cortex, and temporal pole, but also disclosed volume reduction of the fornix, mamillo-thalamic tract and mamillary bodies (Moran et al., 2001; Coste et al., 2002). Likewise, FDG-PET may show extensive interictal hypometabolism, predominating over the epileptogenic mesial temporal structures and temporal pole, but also affecting the ipsilateral lateral temporal neocortex, perisylvian areas including the insula, thalamus, and at times, frontal or parietal cortex (Semah et al., 1995; Chassoux et al., 2004).


  In line with these pathological, morphological and metabolic changes, intra-cerebral EEG data have shown that a hippocampal onset was reported to account for only 20-65% of seizures of patients with MTLE (Munari et al., 1994; King et al., 1997; Spanedda et al., 1997; Chabardès et al., 2005). Accordingly, animal studies have indicated that extrahippocampal structures may be particularly epileptogenic (Halonen et al., 1994; McIntyre & Kelly, 1993). Based on intracerebral electrophysiological data, Kahane and Bartolomei (2010) have recently proposed subtypes of TLE which cover both the limbic and neocortical systems, referred to as “mesial”, “temporopolar”, “mesiolateral”, “lateral” and “temporal plus” (Figure 1). Briefly, seizures of the mesial subtype may start from the hippocampus, but also from the amygdala (Munari et al., 1994), both the amygdala and hippocampus (Spanedda et al., 1997), the parahippocampal gyrus (Wennberg et al., 2002) and the entorhinal cortex (Spencer & Spencer, 1994; Bartolomei et al., 2005). Clinical signs and symptoms do not necessarily derive from mesial temporal involvement (Sperling & O'Connor, 1990), and may reflect seizure spread over extra-MTL structures, such as for epigastric aura (Munari et al., 1994) which could be related to insular propagation (Isnard et al., 2000). Results of intracerebral stimulation suggest that fear aura could be more specifically related to the amygdala (Fish et al., 1993; Meletti et al., 2006), and experiential phenomena to the involvement of the rhinal cortex (Bartolomei et al., 2004). The preferential involvement of one or more MTL structures, however, does not necessarily lead to major differences in terms of seizure symptomatology, in as much as each patient may exhibit different seizure onset zones within this complex MTL network (Spencer & Spencer, 1994; Wennberg et al., 2002). Nevertheless, patients with hippocampal onset may have predominantly epigastric auras and early oral automatisms, while those with extrahippocampal onset may have predominantly experiential auras and early motor involvement of the contralateral upper extremity without oral automatisms (Gil-Nagel & Risinger, 1997). In seizures which arise from the temporal pole alone or concurrently from MTL structures (temporopolar subtype), the first clinical signs and loss of awareness occur earlier than in MTL seizures, therefore suggesting that the temporal pole may play a pivotal role in seizure propagation (Chabardès et al., 2005). This subtype is possibly a variant of the mesiolateral subtype, in which the ictal discharge occurs simultaneously from mesial and lateral temporal lobe structures (Bartolomei et al., 1999). In fact, mesiolateral temporal lobe seizures exhibit some overlapping clinical features with temporopolar seizures, with frequent initial loss of awareness, and early oralimentary and verbal automatisms (Maillard et al., 2004). Cases of TLE with HS where seizures originate from the temporal neocortex (lateral subtype) are anecdotal (Arzimanoglou & Kahane, 2008). Although very rare, such cases should be suspected in the presence of auditory aura or initial loss of contact, a short duration of seizures, and frequent secondary generalisations (Maillard et al., 2004). In a more substantial number of cases, neighbouring extratemporal lobe structures, such as the orbitofrontal cortex, the insula, the frontal and parietal operculum, and the temporo-parietooccipital junction, may also be involved at onset together with temporal lobe structures, defining the temporal plus subtype (Ryvlin & Kahane, 2005). Clinical signs associated with this form of epilepsy include gustatory hallucinations, rotatory vertigo, auditory illusions at seizure onset, contraversive manifestations of the eyes and/or head, piloerection, ipsilateral tonic motor signs, and postictal dysphoria (Barba et al., 2007).


  Overall, it appears that the epileptogenic networks which are associated with the so-called “MTLE syndrome” are rather heterogeneous, and further discussion should be addressed to establish whether this should be taken into account in order to (re)define the concept of MTLE.


  [image: ]


  Redefining the concept of mesial temporal lobe epilepsy


  In 2004, a subcommission of the International League Against Epilepsy, chaired by Heinz-Gregor Wieser, readdressed the notion of MTLE with HS (Wieser et al., 2004). The majority of the subcommission established that MTLE with HS should be described as a syndromic entity, based on a sufficient cluster of signs and symptoms, with the suggestion that MTLE with HS is a subtype of the larger syndrome of MTLE. However, this conclusion did not reflect a consensus of the commission due to the uncertainty surrounding the progressive nature of hippocampal sclerosis, genetic predisposition and the variability of past history (febrile seizures, trauma, hypoxia, and intracranial infection). Acknowledging the existence of MTLE with HS as a syndrome has, nevertheless, been of importance since it has helped to promote early diagnostic and appropriate management for this surgically treatable condition. This concept should also be further instrumental for subsequent basic and clinical research studies. However, it is clear that the term “mesial temporal” has not been adapted to suit the above described clinical, electrophysiological and anatomo-pathological characteristics of these forms of epilepsy which should be preferentially referred to as “temporal limbic epilepsy”. A better understanding of the clinical heterogeneity and variety of epileptogenic networks underlying this condition, which possibly depends on disease duration (Bartolomei et al., 2008; 2010), is required to improve the overall success rate of surgery in TLE.
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Figure |. Classifcation of MTLE subtypes and their main ictal cinical features (moified from Kahane & Bartolomei,
2000).
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