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  Foreword

  


  Epilepsy is a common neurologic disease, and medications achieve adequate seizure control in only 60% to 70% of cases. Medically-intractable epilepsy results in enormous economic burdens and increased mortality. A number of studies have shown that resective surgery in patients with pharmacoresistant epilepsy is significantly superior to medical management in terms of increasing survival and quality of life. However, epilepsy surgery continues to be underutilized. This book aims to familiarize physicians with recent advances in the diagnostic work up, surgical procedures, and outcome of extratemporal lobe epilepsy surgery.


  Patients with medically refractory extratemporal lobe epilepsy, especially those with normal brain imaging studies, make up a disproportionate number of suboptimal outcomes after epilepsy surgery compared with patients with temporal lobe epilepsy. Seizure semiology, functional neuroimaging techniques, neuropsychological assessment, and intracranial electroencephalography are among the methods used for identification of surgical candidates. In addition, a number of centers have been investigating novel methods, such as assessing the significance of intracranially-recorded high-frequency oscillations, to help identify the epileptogenic zone in such patients. Moreover, precise localization of eloquent cortex is essential in the neurosurgical treatment of medically intractable extratemporal lobe epilepsy and brain tumors. While electrocortical stimulation mapping continues to be the gold standard for cortical mapping, a number of less invasive investigational method have been used, including spectral analysis of the electrocorticogram and functional magnetic resonance imaging. Such recent techniques have furthered our ability to identify epileptic and normal cortical tissue, without reducing the importance of the seizure semiology and EEG in the surgical evaluation.


  Extratemporal lobe epilepsy surgery was the topic of the International Epilepsy Colloquium held in Cleveland in May 2010. This book is divided into five major sections, similar to the design of the Colloquium, and features contributions from many of the leaders in the field, including epileptologists, neurophysiologists, neurosurgeons, and neuropsychologists, as well as experts in neuroradiology and electrical engineering. A section is devoted to the semiology of extratemporal seizures and another to non-invasive neurophysiological evaluation of extratemporal lobe epilepsy. These are followed by sections on neuroimaging, invasive evaluation, and outcome of extratemporal lobe epilepsy surgery. Standard clinical methods, such as neuropsychology and depth electrode evaluation, are intermixed with rather investigational methods, such as thermocoagulation, deep brain stimulation, and electrical source imaging. We hope that this book will increase the familiarity of physicians with extratemporal lobe epilepsy surgery and contribute to increasing the utility of surgery in medically-refractory patients.
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  Introduction


  The World Health Organization estimates that epilepsy is the cause of 1% of the global burden of disease based on productive years lost to disability or premature death (Murray 1994; Engel Jr, 2008). Partial, or localization related epilepsy, is the most common seizure disorder, and approximately 30% of patients will experience physically and socially disabling seizures despite anti-epileptic drugs (AEDs) (Kwan & Brodie, 2000; Kwan et al., 2010). The majority of studies show that patients who fail to respond to initial first-line AED trial, have a low probability of being seizure-free with additional drug trials (Kwan & Brodie, 2000). A widely quoted study showed that 47% of patients respond to the first AED, 13% respond to the second AED, and only 3% respond to a third drug or multiple drugs (Kwan & Brodie, 2000). Generally, after failing 2 AED due lack of efficacy individuals are considered to have drug-resistant epilepsy (DRE) (Kwan et al., 2010).


  Partial epilepsy is classified according to the lobar region generating a patients habitual seizures, e.g. temporal lobe epilepsy (TLE), frontal lobe epilepsy, parietal lobe epilepsy, and occipital lobe epilepsy. Epilepsy surgery can be considered in each of these epilepsy types, but the efficacy and relative risk of functionally significant morbidity varies. Anterior temporal lobectomy is the most common and successful epilepsy surgery, and represents a major success in treatment of partial epilepsy (Engel Jr, 2008). The current chapter is directed at extratemporal lobe epilepsy (ETLE), but it is instructive to consider why temporal lobe epilepsy surgery is so often successful. Drug-resistant TLE most commonly arises from the highly epileptogenic anterior medial temporal lobe (amygdala, hippocampus, parahippocampus, and anterior temporal neocortex). This network is anatomically well defined, and the surgical approach is not so much a precise surgical strike but rather complete destruction. Outside the anterior-medial temporal lobe locating the entire epileptic network generating seizures is often difficult unless there is an MRI lesion.


  Extratemporal lobe epilepsy


  Neocortical epilepsy is commonly used to distinguish medial temporal lobe epilepsy (amygdala, hippocampus, entorhinal cortex, parahippocampus) from lateral (neocortical) temporal lobe epilepsy and ETLE (Luders and Comair, 2001). Partial epilepsy outside the temporal lobe is neocortical, and includes frontal lobe epilepsy, parietal lobe epilepsy, and occipital lobe epilepsy. In addition, seizures from insular cortex (a region of cerebral cortex folded deep within the lateral sulcus between the temporal and frontal lobes) can be differentiated from mesial temporal (Penfield & Faulk, 1955). In the following we provide a brief overview of anatomy and function of extratemporal lobes, followed by discussion of parital epilepsy in that region. There are some broad guidelines, that can help localize seizures to a particular lobar region. These must be applied cautiously, however, because seizures can begin in clinically silent areas of brain without signs or symptoms. Similarly, focal seizures are not always associated with clear scalp EEG correlates at onset given that a sizable region, ~7 cm2 for interictal spikes (Tao et al., 2005), of cortex must be synchronously involved to generate a detectable scalp correlate. Given that neocortical seizures can begin in clinically silent areas without definitive scalp EEG correlates, and may rapidly propagate, localizing ETLE seizure onset is a challenge. The difficulty is most evident in the absence of an MRI lesion, when distinguishing between ETLE and temporal lobe seizures based on scalp EEG and semiology can be a real challenge. In these cases seizure onset localization has to be done with cautiously, and rely on concordance of clinical, EEG, structural and functional imaging clues. These steps may lead, but certainly not always (Bien et al., 2009), to a hypothesis for the lobar localization of seizure onset and phase II invasive monitoring with intracranial EEG.


  Frontal lobe epilepsy


  A detailed, and widely referenced, volume describing the electro-clinico-anatomical features of frontal lobe epilepsy is available has been published (Chauvel et al., 1992). The frontal lobe is separated from the parietal lobe by the central sulcus that separates primary motor cortex from parietal lobe sensory cortex, and inferiorly it is separated from the temporal lobe by the slyvian fissure (Figure 1). The frontal lobes make up approximately 30% of the neocortex. The frontal lobes are not a single functional entity, and are divided in to motor, pre-motor, and prefrontal regions (Miller & Cummings, 2007). While motor and pre-motor areas can be considered independent functional units, the pre-motor cortex is more complex and is further divided in sub regions (Miller & Cummings, 2007). Using functional arguments, the prefrontal cortex can be subdivided into orbital, dorsolateral, and cingulate cortex (Miller & Cummings, 2007).


  Frontal lobe epilepsy is a common disorder, and represents a significant medical challenge. Traumatic brain injury is a common cause of FLE, in particular convexity and orbital frontal lobe injury. FLE seizures have wide range of etiologies including genetic, traumatic, and cryptogenic. Similar to all partial epilepsy infectious and inflamatory etiologies are also seen. Because of the proximity to the sinuses, direct infectious injury is not uncommon.
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  Frontal lobe seizure semiology includes simple partial, complex partial, and secondarily generalized (Chauvel et al., 1992). Because of the connection between lateral orbital frontal lobe to anterior temporal lobe the semiology of frontal lobe seizures can mimic temporal lobe epilepsy. Features suggestive of frontal lobe seizures include, i) brief seizures, Supplementary motor: The onset of seizure is often associated with posturing of the upper extremity, and may be contralateral or bilateral. The fencing posture, bicycling automatism are commonly seen. Also there may be vocalization or speech arrest.


  Cingulate: autonomic signs and symptoms, fear, vocalization.


  Frontopolar: forced thoughts, adversive eye movements.


  Orbital frontal: olfactory hallucinations, oral automatisms, autonomic signs. Difficult to clearly distinguish from medial TLE.


  Dorsal lateral frontal convexity: seizures begining over the dorsal lateral convexity include a large area of potentially clinical silent cortex. Clinically the seizures often are associated with versive head and eye movements and speech arrest.


  Opercular: often associated with mastication, salivation, swallowing, laryngeal constriction, speech arrest.


  Precentral gyrus (motor cortex): simple partial seizures in motor cortex produce rhythmic focal twitching of topographical defined muscle groups. The focal marching of clonic activity as a seizure spreads over motor cortex, i.e. Jacksonian march, is one of the signature semiologies in epilepsy.


  Case of frontal lobe epilepsy: a 32 year old female presented with history of recurrent febrile seizures at age 1. From age 3 to 25 she was seizure free without AED. Otherwise her perinatal, birth, and developmental history were normal. At age 25 she experienced the onset of recurrent stereotypical seizures characterized by an epigastric rising sensation, deja vu, fear, and followed by loss of awareness. Clinically she exhibited bilateral upper extremity automatisms, and agitation. Rarely, the seizures 2nd generalized. They clustered around her menses, and were more frequent with sleep deprivation, and missed medications. The seizures were both nocturnal and diurnal, but most common during wakefulness.


  Figure 2 provides the diagnostic information for this pateints case. Her 1.5 tesla seizure protocol MRI was normal. Her scalp EEG showed frequent midline frontal epileptiform discharges (Figure 2A). An interictal and ictal SPECT were obtained, and the subtraction ictal-interical SPECT co-registered to MRI (SISCOM) is shown in (Figure 2B). Based on the interictal EEG and seizure semiology the patient had extensive implantation with subdural electrodes and medial temporal lobe depth electrodes (Figures 2C and D). The patients habitual seizures were capture with chronic intracranial EEG monitoring (Figure 2E) and demonstrated to originate from the right medial temporal lobe. She underwent a focal mesial frontal neocortical resection, and has been seizure free for the past 5 years (she remains on AEDs).
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  Parietal lobe epilepsy


  In series of ETLE parietal lobe epilepsy is relatively infrequent, and typically of order of 5% (Engel et al., 2007). The parietal lobe is anatomically defined (Figure 1) by the central sulcus (separating parietal and frontal lobes), the parieto-occipital sulcus (separating parietal and occipital lobes), sylvian fissure (separating parietal from temporal lobe), and the inter-hemispheric fissure (separating the two cerebral hemispheres). The parietal lobe contains primary somatosensory cortex within the postcentral gyrus (Broadman area 3). The posterior parietal area (posterior to the postcentral gyrus) is subdivided into superior (Broadman areas 5 and 7) and inferior parietal (Broadman areas 39 and 40) lobules.


  The posterior parietal areas integrate sensory information and are involved in guidance of limb, eye movement, and visuospatial processing. The two hemispheres have functional different roles, with the dominant hemisphere involved in language and math. The non-dominant hemisphere is involved in visual spatial relationships.


  Seizures originating from the parietal lobe can be partial, progress to complex partial or secondarily generalized tonic-clonic seizures (Williamson et al., 1992). The interesting phenomena of reflex epilepsy can occur, whereby a particular movement or other somatosensory stimulus can provoke a seizure (So & Schaüble, 2004).


  Post-central gyrus (primary sensory cortex): simple partial seizures most commonly produce positive sensations of tingling and electrical like sensation. Less common is sensation of numbness or pain. Similar to primary motor cortex, patients may describe a “Jacksonian march”, were the sensation marches according to the sensorimotor homonculus face (Penfield and Jasper, 1954).


  Posterior parietal cortex: somatic illusions associated with distortion of position of arms and legs or posture occur. Patients may experience vertigo, visual illusions or complex hallucinations. Commonly visual illusions with images spatially distorted (metamorphopsia) or persist (palinopsia). Linguistic disturbances (alexia with agraphia) and miscalculations are seen in dominant parietal lobe, and spatial disorientation is associated with non-dominant parietal lobe. Rarely ictal or post-ictal Gertsmann's syndrome occur (writing disability (agraphia or dysgraphia), arithmetic difficulties (acalculia or dyscalculia), left-right confusion, and finger agnosia.


  Occipital lobe epilepsy


  The occipital lobe is located at the back of cerebral hemispheres, behind the parietal and temporal lobes, and is the anatomical region of primary and associated visual cortex. The primary visual cortex, called striate cortex or V1 (Broadman area 17), is in the medial occipital lobe along the calcarine sulcus. The extrastriate regions functionally connected to striate cortex perform a range of downstream visual processing including, color discrimination, motion perception, and visuospatial processing.


  The occipital lobes account for a relatively small fraction of partial epilepsy, estimated to be ~ 5-10% of epilepsy cases. Occipital epilepsy can be symptomatic, and associated with an underlying structural abnormality. Because of the location at the posterior head, the occipital lobes are susceptible to traumatic injury. Other common etiologies include vascular injuries and neoplasm. Idiopathic (presumed genetic) occipital lobe epilepsy are not uncommon, and begin in childhood and are often benign. In the authors experience, partial seizures arising directly from visual cortex often spread slowly and are more likely to remain partial without generalization. They may, however, progress to complex partial seizures, or more widely and 2nd generalized.


  Seizures originating from the occipital lobes often are associated with primary visual phenomena such as white or colored flashing, flickering lights. The visual hallucination can be bilateral, or lateralized and indicating contra-lateral primary visual cortex. Less common is negative phenomena with loss of vision, or blind spots. Complex visual hallucinations are often described such as an image or movie. There can be eyelid blinking and eye movements. Post-ictal visual deficits include blind spots and distorted vision are the occipital lobe correlate to a Todd's paresis. If these findings are lateralized they are useful for cerebral lateralization of epileptgenic zone.


  Insular epilepsy


  Insular cortex is a region of neocortex folded underneath the operculum within the lateral sulcus, between the temporal lobe and the frontal lobe.


  The insula plays a fundamental role in emotion, autonomic function, and regulation of the body's homeostasis. Functions also include perception, self-awareness, and interpersonal experience. The insula is divided into anterior and posterior regions, The anterior region has primarily limbic connections and is involved in sensory and autonomic function. The posterior insular region has a more complex integrative function, and has mainly neocortical connections.


  The possibility of insular cortex seizures were first suggested by Penfield and Jasper (Penfield & Jasper, 1954; Penfield & Faulk, 1955), and they recognized that that the seizures could mimic temporal lobe seizures. Insular cortex has extensive connections to the limbic system (amygdala, hippocampus, entorhinal cortex, and cingulate).


  Stereotactic depth electrode implantation has made recording and stimulation studies in the insula possible. In a brain region not accessible to subdural strips and grids, depth electrodes can be safely passed thorough the overlying operculum using structural MRI and angiography image-guided stereotactic techniques to avoid critical vasculature.


  In a recent study (Isnard et al., 2004), stimulation of 144 sites in the insular cortex of 50 patients was reported. The 139 reported evoked clinical responses in these patients were divided into somatosensory responses, viscerosensitve response, and other types.


  Stimulation induced somatosensory responses included neutral or unpleasant non-painful paresthesiae (pins & needles or electric like current), warm sensation, and also painful electrical discharge. In 49 of the 58 evoked somatosensory responses the symptoms were contralateral to stimulation, 6 were ipsilateral, and 3 bilateral. The evoked responses affected focal regions, such as lips, cheeks, face, tongue, pharynx, or larger areas including hand, limb, neck and face.


  Unpleasant visceral sensations located in the pharyngolaryngeal region that included constriction and strangulation and pain were recorded. Also recorded were symptoms suggestive mesial temporal lobe seizures and included abdominal heaviness, unpleasant ascending epigastric sensation, nausea and sudden flush. Less common were complex auditory illusions (muffling of sounds), hallucinations (buzzing and whistling), dysarthria, sensation of unreality, sensations of whole-body displacement in space, olfactogustatory response, and facial sweating.


  Electroencephalography


  Scalp and intracranial EEG are cornerstones of seizure localization and epilepsy surgery evaluation. Interictal (between seizures) epileptiform spikes and sharp waves, and seizures is often useful in localizing epileptogenic brian. Scalp video-EEG emerged in the 1970's as a way to obtain rigourous electro-clinical correlation of seizures, and has become an indespensible tool for characterizing seizure type and region of seizure onset. The practice of EEG, v-EEG and intracranial EEG has undergone very little change over the past 3 decades. However, there is emerging data to support that the clinical bandwidth of current clinical EEG may be too restricted, and that activity outside the clinical bandwidth is important (Curio, 2000; Vanhatalo et al., 2005).


  Scalp Interictal EEG: the distribution of IEDs in patients with focal extratemporal epilepsy can be highly variable. One study showed that 55% of frontal lobe epilepsy patients had either generalized IED or focal IED in regions other than the epileptogenic zone (Vadlamudi et al., 2004). It has been established that an epileptic focus in the deep frontal lobe can produce secondarily generalized IEDs with rapid interhemispheric spread (Loiseau, 1992). Despite the presence of generalized IEDs, these cases can still benefit from frontal lobe resections (Vadlamudi et al., 2004). It is not uncommon that the scalp EEG is unremarkable in ETLE. The absence of IEDs is likely related to the volume of focal epileptogenic brain that does not generate detectable IEDs on scalp EEG. Previous studies have shown that approximately 7 cm2 of neocortex must be activated to produce IEDs on scalp EEG (Tao et al., 2005).


  From these studies, it is reasonable to conclude the presence of widespread IEDs or the absence of IEDS should not preclude patients from consideration of potentially curative epilepsy surgery. Multiple studies do, however, report that the presence of generalized IEDs and/or generalized slowing of the background activity are related to poor outcome in neocortical extratemporal epilepsy surgery (Janszky et al., 2000), and that the presence of focal IEDs is associated with excellent outcome (Holmes et al., 2000). In contrast, several other studies did not find any association between the spatial distribution of IEDs and surgery outcome (Quesney et al., 1992; Quesney et al., 1992; Quesney, 2000).


  Scalp Ictal EEG onset pattern: The localization value of ictal scalp EEG in frontal lobe epilepsy was investigated by Talairrach et al. (Talairach et al., 1992) concluded that a fast frequency ictal discharge was associated with successful epilepsy surgery in a group of patients with predominantly lesional frontal lobe epilepsy. Similarly, a focal beta frequency (> 13-25 Hz) discharge at ictal onset, called focal ictal beta, has been associated with excellent surgical outcome in lesional and nonlesional frontal lobe epilepsy (Worrell et al. 2002).


  Intracranial EEG: A focal fast frequency ictal onset pattern on iEEG (Figure 2E) has also been associated with favorable outcome in ETLE epilepsy surgery. Previous studies investigating iEEG ictal onset patterns and surgery outcome in patients with normal MRI and ETLE (Park et al., 2002) (Wetjen et al., 2009) reported that focal low voltage fast or beta frequency spiking was associated with favorable surgical outcome. Rhythmic slow sinusoidal activity or rhythmic spike/sharp waves were associated with poor outcome.


  Epilepsy surgery


  Epilepsy surgery is an effective and safe therapy for carefully selected patients with drug-resistant partial epilepsy (Cascino et al., 1993; Engel, 1996; Luders & Comair, 2001). There is now widespread consensus (Neurology consensus practice parameter [Engel et al., 2003]) that epilepsy surgery should be considered for patients with drug-resistant localization related partial epilepsy. In particular, patients with lesional epilepsy have surgically remediable epilepsy syndromes. The majority of these patients will experience a significant reduction in seizure frequency following surgical resection of the region of epileptic brain (Cascino et al., 1992; 1993; Engel Jr, 2008; Engel et al., 2007; Luders & Comair, 2001; Radhakrishnan et al., 1998).


  Patients with MRI lesional epilepsy are the most favorable candidates for surgical resection. The underlying structural pathology and association with functionally critical brain regions are important variables when evaluating a patient's candidacy for surgical treatment. The goal of epilepsy surgery is to eliminate, or dramtically reduce seizures to improve their quality of life. In the era of MRI the most common operation currently is a focal resection of epileptic brain tissue, e.g., a focal corticectomy. The rationale for surgical treatment is that removing the epileptogenic zone, i.e., site of seizure onset and initial seizure propagation will eliminate seizures. The high diagnostic yield of MRI to identify the common pathological substrates, e.g., post-traumatic encephalomalcia, vascular malformation, tumor, malformations of cortical development is well established in patients with DRE Table 1. Selected patients will require functional neuroimaging, i.e., PET, SPECT, functional MRI, and possibly chronic intracranial EEG monitoring to localize the region of seizure onset. The cornerstones of the presurgical evaluation are i) clinical history and neurological exam; ii) scalp video-EEG to record the patients habitual seizures; iii) seizure protocol MRI; and for some patients iv) functional neuroimaging (SPECT, PET, MRS, fMRI), MEG, WADA testing, and chronic intracranial EEG monitoring (iEEG).
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  Introduction


  Before the introduction of electroencephalography, a detailed analysis of seizure semiology was the only way to classify epileptic seizures. Careful clinical observations and detailed reports of seizure semiology by the patient or other observers are still essential for the proper management of epileptic patients. Modern video techniques combined with simultaneous EEG recordings have dramatically improved our knowledge of epileptic seizure semiology and provided information on localization and lateralization of the epileptogenic zone. Seizure semiology plays an important role in the pre-surgical work-up, particularly when analyzed independently of other pre-surgical tests (EEG monitoring, neuroradiology, etc.) (Noachtar & Borggraefe, 2009). Visual analysis of seizure semiology is prone to interobserver bias (Bleasel et al., 1997). Quantitative analysis of movements during video-recorded seizures introduced objective criteria for the analysis of seizure semiology (Li et al., 2002; Mirzadjanova et al., 2010; O'Dwyer et al., 2007; Silva Cunha et al., 2003).


  Electrical stimulation of the cortex in a wake patients provided us with a wealth of information on the function of the cortex which allowed conclusions on the localization of the epileptogenic zone based on the analysis of seizure semiology (Penfield & Jasper, 1954). It was assumed that if electrical stimulation of a given cortical area produced a symptom that habitually occurred during an epileptic seizure, then the patient's seizures activate the same region that is stimulated. Therefore, these cortical regions producing the clinical symptoms of the seizure semiology are defined as the symptomatogenic zone (Lüders & Awad, 1992). However, if seizures originate in silent areas of the cortex they remain asymptomatic unless the epileptic activation reaches the eloquent cortex which leads to the clinical seizure semiology.


  How to classify epileptic seizures?


  Diagnostic schemes for seizures and epilepsy are published by the ILAE (International League against Epilepsy) regularly to adjust clinical guidelines according to recent research. In 2001 a diagnostic scheme for people with epileptic seizure and epilepsy was proposed by the ILAE in order to aid clinicians in daily routine (Engel, 2001). A strictly semiological approach is essential in order to achieve clearness in seizure classification. Only then seizure semiology can serve as a independent piece of information to be used for localization and lateralization of the epileptogenic zone (Noachtar et al., 1998; Luders et al., 1998).


  Epileptic seizures are characterized by a variety of signs and symptoms. Conventional seizure analysis is based on visual expert opinion and mainly focuses on the predominant ictal features. The following four categories are involved in the ictal phenomena of epileptic seizures (Noachtar & Peters, 2009):


  - sensorial sphere;


  - autonomic sphere;


  - consciousness;


  - motor sphere.


  While symptoms corresponding to several of the above-listed spheres occur simultaneously during most epileptic seizures, ictal phenomena of one or the other sphere almost always predominate Table I. Only few seizure types involve only one category Table II. For example an aura exclusively affects the sensorial sphere. Due to the absence of objective signs, the examiner has to rely on the patient's depiction of the aura. Since they occur at the onset of seizures they provide an extremely useful information about the localization and lateralization of the seizure onset zone. For example, visual auras usually occur at the beginning of the seizures in patients with occipital lobe epilepsy. Somatosensory auras arise contralaterally to the hemisphere of seizure onset in paracentral epilepsy and have a high lateralization value.
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  Many seizures are associated with a disturbance of consciousness. However, only for some seizures the disturbance is the predominant feature of the seizure. For example, generalized tonic-clonic seizures are always associated with impairment of consciousness. As generalized tonic-clonic motor phenomena here constitute the predominant seizure symptomatology, the seizure is classified as a motor seizure.


  So far several terms are presently used for seizures with disturbed consciousness according to the EEG results and the underlying epilepsy syndrome. For example, the alteration of consciousness is labeled absence seizure if the patient has generalized 3 Hz spike wave complexes in the EEG, whereas the same clinical seizure would be called complex partial seizure if the patient had focal epilepsy or the EEG showed focal epileptiform discharges. Terms like “pseudo absence” have been proposed for these seizures in patients with focal epilepsy (Bancaud & Talairach, 1992), because the term absence is exclusively used for patients with generalized epilepsy in the seizure classification of the International League Against Epilepsy (ILAE, published in (Commission on Classification and Terminology of the International League Against Epilepsy, 1981). Thus, different terms (“absence” or “complex-partial seizure”) were used, although the seizure semiology may be clinically indistinguishable. To avoid this confusion the term “dialeptic seizure” was introduced for ictal episodes with an alteration of consciousness as main manifestation, disregarding the underlying type of epilepsy (Lüders et al., 1998; Noachtar et al., 1998). The term dialeptic derives from the Greek verb “dialepein”, which means “to stand still”, “to interrupt” or “to pass out”.
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  Seizures with motor phenomena as main manifestations are called motor seizures.


  Autonomic seizures are extremely rare. The predominant symptomatology for this type of seizure is an objectively documented alteration of the autonomic system (i.e., tachycardia documented by ECG recording) regardless of whether the patient is aware of the seizure.


  Seizures that cannot be assigned to any of the four groups outlined above are included in the group labeled “special seizures“. This category includes primarily seizures characterized as “negative” ictal phenomena (atonic seizure, negative myoclonic seizure, etc.).


  The semiological seizure classification (Lüders et al., 1998; Noachtar et al., 1998) Table III enables clinicians to classify seizures as precise as possible according to the available information. For example, an epileptic seizure of a patient can be classified as an “epileptic seizure” if no further information were available. If the seizure was primarily characterized by motor phenomena, it can be classified as a “motor seizure”. If the motor seizure affected the right arm, but further specification was not possible, it can be classified as a “right arm motor seizure”. If clonic jerking of the right arm is present during the seizure, the seizure classification would be “right arm clonic seizure”. Thus, the more information we get on the seizure semiology, the more precise we can classify the seizure. This is a typical setting encountered in clinical practice; we frequently initially have little information on the seizure semiology if a patient is seen first in the emergency room or the outpatient clinic but we gradually achieve more information as more seizures were observed by others who can provide more detailed descriptions of the seizure semiology.
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  Status epilepticus


  Essentially any seizure types discussed above can manifest as status epilepticus, although this clinical experience has not been evaluated in detail (Rona et al., 2005). Typical examples in extratemporal epilepsy are unilateral clonic status (“epilepsia partialis continua”), generalized tonic-clonic status (“grand mal status”), and so called non-convulsive status epilepticus which is characterized by disturbance of awareness and consciousness with minor motor manifestations. The term non-convulsive status is broad and includes a variety of status forms such as dialeptic status, automotor status, and also rare examples such as aphasic status (Rona et al., 2005). In daily practice, the term “non-convulsive status” is usually used as a synonym for dialeptic or automotor status. Dialeptic or automotor status can be localized only by EEG and imaging studies.


  The localizing significance of different seizure types


  ■Auras


  Auras usually occur at the beginning of a seizure (“warning symptoms”) for seconds up to minutes. Usually, they evolve into other seizure types due to the spread of the epileptiform discharge, although they may be seen in isolation as well. Several different forms of auras have been described Table III. Since auras are the first clinical expression of a seizure, they frequently provide extremely useful localizing information about the seizure onset zone (Palmini & Gloor, 1992). However, frequently the aura is used to determine the localization of the epileptogenic zone. This approach constitutes the inverse problem of seizure semiology. Spread of epileptic activity may lead to false localization of the epileptogenic zone by aura type if the seizures start in a so called silent area of the cortex and the first clinical symptoms such as the aura are due to spread of the epileptic activity (Noachtar & Peters, 2009; Rossetti & Kaplan, 2010). Thus, one should be aware that there is not a 1:1 relationship between aura and localization of the epileptogenic zone but a probability that the epileptogenic zone is in the vicinity of the symptomatogenic zone. Although, for instance abdominal auras are typical for temporal lobe epilepsy, they are reported less frequently in extratemporal epilepsy such as frontal lobe epilepsy (Henkel et al., 2002) seizures. An abdominal aura is associated with TLE with a probability of 73.6%. The evolution of an abdominal aura into an automotor seizure, however, increases the probability of TLE to 98.3% (Henkel et al., 2002). Whereas in frontal lobe epilepsy, abdominal auras are followed by tonic seizures in 66%, this was not the case in any temporal lobe epilepsy patient (Henkel et al., 2002).


  ■The propagation of aura symptoms during a seizure point to the functional cortical representation


  The typical march of a somatosensory aura reflects the spreading activation of the epileptiform discharge on the contralateral somatosensory cortex which is organized somatotopically. Ipsilateral or bilateral, poorly described sensations of the trunk or distal extremities have rarely been observed in patients with seizures arising from the supplementary sensormotor area or the secondary sensory area (Penfield & Jasper, 1954; Morris et al., 1988).


  Simple visual auras such as “bright spots” or “dark spots” as well as field defects result from epileptic activation of the visual field, especially of the striate and most likely also parts of the parastriate cortex (Noachtar, 2001). In occipital lobe epilepsy unilateral visual auras can lateralize the seizure onset to the contralateral hemisphere (Williamson et al., 1992; Salanova et al., 1992). Auras usually consist of “positive” phenomena such as an rising abdominal sensation, a tingling sensation of a limb or visual hallucinations (bright spots etc.) but they can also show “negative” phenomena such as ictal blindness as a reflection of for example occipital lobe epileptic activation. Due to rapid contralateral spread this ictal blindness usually occupies the entire visual field.


  Disturbance of the autonomic sphere


  Epileptic activation of the so called autonomic cortical centers including the basal frontal region and the anterior cingulate gyrus can evoke autonomic symptoms affecting only the autonomic system such as tachycardia, altered breathing or sweating without the occurrence of other auras or motor phenomena (Penfield & Jasper, 1954; Luders et al., 1998). Most of these symptoms are purely subjective and should be classified as an autonomic aura. But similar reactions occur as a response to the first seizure symptoms, especially in patients with other auras or focal motor seizures as the result of fear that the seizure will evolve further. Such responses to seizure symptoms should not be classified as autonomic auras. Otherwise, autonomic alterations which were observed (mydriasis, sweating, flushing) or documented by polygraphic recordings (EEG, ECG, blood pressure) should be classified as autonomic seizures. An increase in heart rate is frequently observed at seizure onset but could be secondary to the fear that a seizure is coming up or as a result of increased ictal motor activity. However, pure ictal tachycardia without any other clinical symptoms is highly correlated with a temporal rather than extratemporal epileptogenic zone (Weil et al., 2005).


  Consciousness


  Some seizure types consist mainly of an alteration of consciousness. Patients do not respond at all or only to a limited to extent to external stimuli during this seizure type. Patients are usually not aware of these episodes and cannot recall them later. It Consciousness is difficult to define both, theoretically and even more practically (Gloor, 1986). We proposed the term dialeptic seizures if disturbance of consciousness is the predominant feature of the seizure and there is no or only minimal motor activity (Lüders et al., 1998; Noachtar et al., 1998). This seizure type is called absence if the patient has a generalized epilepsy and complex partial seizure if the patient has focal epilepsy by the International League Against Epilepsy Classification (Commission on Classification and Terminology of the International League Against Epilepsy, 1981).


  Dialeptic seizures may occur in focal epilepsies as well (Bancaud & Talairach, 1992; Noachtar et al., 2000). However, there is little information about the frequency and the differences in the semiology of dialeptic seizures occurring in extratemporal and temporal epilepsy. Dialeptic seizures in frontal lobe epilepsy are termed as “frontal absence” or “pseudo-absence” because of their similar appearance to absence seizures in generalized epilepsies (Bancaud & Talairach, 1992; Swartz, 1992). Dialeptic seizures in focal epilepsies usually last longer than 20 seconds in comparison to generalized absence which typically last less than 20 seconds (Noachtar, 2000). Isolated examples of dialeptic seizures in patients with extratemporal lesions have been documented (Noachtar et al., 2000). The pathogenesis of dialeptic seizures in patients with focal epilepsies is poorly understood (Noachtar et al., 2000). An ictal SPECT study demonstrated that the thalamus and upper brain stem are involved in disturbance of consciousness in different types of focal epileptic seizures: impairment of consciousness showed a strong association with secondary hyperperfusion in the thalamic/upper brainstem region (Lee et al., 2002).


  Consciousness is usually not impaired at that time t tonic or clonic activity begins in simple motor seizures such as unilateral tonic or clonic seizures (Manford et al., 1996; Noachtar & Arnold, 2000; Werhahn et al., 2000). However, if tonic or clonic activity is the result of spread of epileptiform activity from the parietal, occipital or temporal lobe into the frontal lobe, consciousness is usually altered at the onset of unilateral clonic or tonic seizures. Generalized clonic seizures only very rarely occur with preserved consciousness (Bell et al., 1997) as well as generalized tonic seizures, which are common in patients with Lennox-Gastaut- syndrome.


  Seizures characterized by motor phenomena


  Ictal motor manifestations are divided into two major groups (simple and complex motor seizures) based on the type of motor symptoms Table III.


  Simple motor seizures


  These seizures are characterized by unnatural, relatively simple movements which resemble movements which can be reproduced by electrical stimulation of the primary and supplementary sensormotor areas. Simple motor seizures can be divided into the following subtypes depending on the duration of the muscle contraction, the rhythmicity of movement repetition, and the muscles involved: myoclonic seizures, clonic seizures, tonic seizures, epileptic spasms, versive seizures, and tonic-clonic seizures. These motor symptoms can occur as the only manifestation of epileptic activity and rest focal or they can evolve to each other during an epileptic seizure by spreading of epileptic discharges. Tonic seizures evolved into clonic seizures occurred more frequently in patients with frontal lobe than with parieto-occipital lobe epilepsy (Werhahn et al., 2000). Myoclonic seizures which predominantly affect the shoulders and proximal arms are typical for patients with juvenile myoclonic epilepsy (Janz & Christian, 1957). In extratemporal lobe epilepsy the primary motor cortex or premotor areas are most likely involved in the generation of this seizure type.


  Unilateral clonic activity occurs frequently in patients with frontal lobe epilepsy as the inital seizure symptom (Loddenkemper & Kotagal, 2005) and arise from epileptic activation of the contralateral primary motor cortex. Focal clonic seizures mostly affect the distal segments of the extremities, e.g. the hand or the face. Clonic activity may show a march, the so called Jacksonian progression from the distal to the proximal parts of the extremities, reflecting the spreading activation of the primary motor cortex (Penfield & Jasper, 1954; Manford et al., 1996). Clonic activity could be reproduced by electrical stimulation of the primary motor cortex and prefrontal areas (Penfield & Jasper, 1954). Electrical stimulation of the supplementary sensormotor area can elicit distal clonic movements, but only very rarely (Lim et al., 1996). In patients with frontal lobe epilepsy, clonic seizures tend to occur early in the seizure evolution. Clonic seizures which preceed a tonic seizure appeared only in frontal lobe epilepsy whereas clonic seizures followed a tonic seizure may also occur in patients with parieto-occipital and temporal lobe epilepsy (Werhahn et al., 2000).


  Tonic seizures in patients with focal epilepsy preferentially affect proximal muscle groups on both sides of the body (Bleasel & Lüders, 2000). Tonic seizures are common in patients with frontal lobe epilepsy (62%) and rare in temporal lobe epilepsy (1.7%) (Werhahn et al., 2000). Strictly unilateral tonic seizures have a high lateralizing significance, pointing to a contralateral seizure onset (Werhahn et al., 2000). Tonic seizures may also occur in parieto-occipital lobe epilepsy due to spread of the ictal epileptic activity into the frontal lobes and reflects the close relationship between the parieto-occipital and frontal regions.


  Versive seizures consist of a sustained, unnatural turning of the eyes and head, forced and involuntary to one side are frequently seen in patients with different focal epilepsies (O'Dwyer et al., 2007; Wyllie et al., 1986). These seizures are the expression of epileptic activation of the frontal eye field and the motor areas anterior to the precentral gyrus that is contralateral to the side to which the eyes turn (Penfield & Jasper, 1954).


  Tonic-clonic seizures have a typical evolution with bilateral tonic posturing which is followed by bilateral clonic activity. Focal seizure types may precede the generalized tonic-clonic seizure depending on the cortical region where the seizures originated.


  Complex motor seizures


  Complex motor seizures consist of motor seizures during which the patient performs movements that imitate natural movements (automatisms), except that they are inappropriate for the situation and which are relatively complex and tend to involve different body segments moving in different planes. Complex motor seizures are subdivided into three types depending on the characteristics of the automatisms.


  Hypermotor seizures are characterized by complex sequences of movement which primarily affect the proximal body segments and result in large stereotypically repeated movements with violent appearance (Figure 1). This seizure type is frequently seen in patients with frontal lobe epilepsy arising from mesial frontal or supplementary sensormotor area cortex (Morris et al., 1988, Williamson et al., 1985). However, spread of epileptic activity, into the frontal lobe or the supplementary sensormotor area cortex from a remote seizure onset zone is also a frequent cause of hypermotor seizures (Lüders & Noachtar, 2001) e.g. ictal spreading from the temporal lobe to the dorso-lateral and mesial frontal regions can also cause complex movements of the limbs and trunk (Kotagal et al., 2003). Consciousness may be preserved during this seizure type. The bizarre appearance of the seizure and the preserved consciousness frequently lead to the erroneous diagnosis of non-epileptic (psychogenic) pseudo seizures (Kanner et al., 1990).
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  Automotor seizures are characterized by manual and oral automatisms and are typical for temporal lobe epilepsy but may also occur in patients with extratemporal epilepsy (Manford et al., 1996). In frontal lobe epilepsy, automotor seizures are reported to arise from orbitofrontal regions (Bancaud & Talairach, 1992).


  The symptomatogenic zone of automotor seizure onset is not clearly defined, but there is some evidence that epileptic activation of the anterior cingulate gyrus leads to distal automatisms with preserved responsiveness (Loddenkemper & Kotagal, 2005; Talairach et al., 1973).


  Ictal “laughing” is the main feature in gelastic seizures and frequently is associated with hypothalamic hamartomas (Berkovic et al., 1988). Gelastic features may also occur rarely during seizures of patients with frontal lobe epilepsy (Kotagal et al., 2003). Gelastic seizures may be preceded or followed by other seizure types.


  There is a group of seizures that cannot be classified in one of the four types described earlier (auras, autonomic, dialeptic, or motor seizures). Most of these seizures characteristically have a negative influence on motor (atonic, akinetic) or cognitive (aphasic) activity and may result from epileptic inhibition of the symptomatogenic zone.
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Figure 1. Several images of the course of 2 hypermotor seizure characterized by prominent trunk and proximal
limb movements in a 33-year-old-woman with right mesial frontal lobe epilepsy since age 10. MRI of the brain (FLAIR
and TI weighted images) revealed a cortical dysplasia in the mesial aspect of the right superior frontal gyrus.






OEBPS/Images/17.gif
Table . Seizure type with regard to motor activity and level of consciousness
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Table L. Semiological seizure classification

Epilepticseizure  Aura Somatosensory aura®
Visual aura®
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Gustatory aura
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Modifier ° - lateralizing signs occurring during this seizure types are listed separately.
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Supplementary motor area seizures.

Focal clonic seizures of the lower extremity

Figure |. Anatomy of the human brain. Top: mesial view of the brain. Bottom: lateral view of brain and lobar
structures.
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